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SeHes Preface
Electronics is the core for a wide variety of
specialized technologies that have developed in
the past several decades. Faced with the need for
increasing numbers of technicians and challenged
by a rapidly expanding technology, the Consumer
Electronics Group Product Service Committee of
the Electronic Industries Association (EIA) has
long been active in developing and constantly re
vising educational materials to meet these chal
lenges.
In recent years, the rapid introduction of large
numbers of new consumer electronic products and
the growing complexity of traditional radios and
television, plus the pressing need for training pro
grams to permit students of various backgrounds
and abilities to enter this growing industry, has
induced EIA to sponsor the preparation of an
expanding range of materials. Three different cat
egories in two specific formats have been devel
oped. The following paragraphs explain these aids
to education and suggest proper use to achieve the
desired results.
The laboratory text manuals in the Basic Elec
tricity Electronics Series provide in-depth, de
tailed, completely up-to-date technical material,
combining a closely coordinated program of ex
periments, each preceded by a comprehensive
discussion of the objectives, theory, and under
lying principles. Electricity Electronics Funda
mentals provides an introductory course especially
suitable for the preparation of service technicians
or for other broad-based courses; Basic Electricity
The Basic Electricity-Electronics Series
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and Basic Electronics are planned as 270-hour
courses, one to follow the other, providing a more
thorough background for all levels of technician
training. A related instructor’s guide is available.
The Radio-Television Servicing Series includes
materials in two categories: those designed to
prepare apprentice technicians for performing inhome servicing and other apprenticeship func
tions, and those designed to prepare technicians
for performing more sophisticated and compli
cated servicing, such as bench-type servicing in
the shop.
The apprenticeship servicing course includes
Television Diagnosis—An Entry into TV Servic
ing (Text, student workbook, instructor’s guide)
and Television Symptom Diagnosis, a series of 33
film loops. The first is a set consisting of profusely
illustrated text, student response manual, and in
structor’s guide designed to train persons with
no previous electronics training in job-entry trou
bleshooting skills for servicing in the home and
shop. The text utilizes the “cue response’’ concept
of diagnosis, concentrates on identifying abnor
mal circuit operation and symptom analysis, and
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develops skills in troubleshooting. In the response
manual, students are exposed to hundreds of tele
vision trouble symptoms through the use of color
photos and illustrated problems. The instructor’s
guide is a complete and essential professional
course of study that also contains the answers for
the text and lab manual.
Television Symptom Diagnosis consists of a
series of color-sound motion picture film loops or
slides, a student workbook, and an instructor’s
guide. These audiovisual materials function as an
integrated learning system to teach color-television adjustment and setup procedures, trouble
symptom diagnosis, and the ability to isolate trou
bles to a given stage in the receiver, concentrating
on the requirements for servicing in the cus
tomer’s home. But these audiovisual materials can
also be used to supplement all levels of television
courses. This medium is especially suitable for
students who may have reading and, in turn, learn
ing difficulties.
Since only a minimum of electronics theory is
presented in the two courses described above, it
is expected that apprentices completing these pro
grams will be motivated to progress to the more
comprehensive programs provided by the follow
ing courses in order to deepen their understanding
of electronics and what makes the radio and tele
vision receiver work, and to obtain adequate pro
ficiency for the servicing of all consumer elec
tronics entertainment items.
The intermediate Television Servicing—with
Basic Electronics (text, student workbook, in
structor’s guide) goes beyond the basics and ex
pands on the math and use of test equipment intro
duced in the beginning text. The book continues
the diagnostic troubleshooting method.
Advanced “bench-type” diagnosis servicing
techniques are covered in Advanced Color Tele
vision Servicing (text, student workbook, in
structor’s guide). Written primarily for color tel
evision servicing courses in schools and industry,
this book follows the logical diagnosis trouble
shooting approach consistent with the manufac
turers’ approach to bench servicing.
Audio Servicing (text/resources, text/lab man
ual, and instructor’s guide) covers each component

of a modern home stereo with an easy-to-follow
block diagram, diagnosis approach, consistent
with the latest industry techniques.
The “bench-type” service technician courses
consist of Basic Radio: Theory and Servicing and
Basic Television: Theory and Servicing. These
books provide a series of experiments, with pre
paratory theory, designed to provide the in-depth,
detailed training necessary to produce skilled
radio-television service technicians for both home
and bench servicing of all types of radio and
television. A related instructor’s guide for these
books is also available.
The Industrial Electronics Series
________Title
Industrial Electronics
Electronic Instruments
and Measurements

Author

Publisher

Zbar
Zbar

McGraw-Hill Book Co.
McGraw-Hill Book Co.

Basic laboratory courses in industrial control
and computer circuits and laboratory standard
measuring equipment are provided by the Indus
trial Electronics Series and their related instruc
tor’s guides. Industrial Electronics is concerned
with the fundamental building blocks in industrial
electronics technology, giving the student an un
derstanding of the basic circuits and their ap
plications. Electronic Instruments and Measure
ments fills the need for basic training in the
complex field of industrial instrumentation. Pre
requisites for both courses are Basic Electricity
and Basic Electronics.
The forward to the first edition of the EIA co
sponsored basic series said : “The aim of this basic
instructional series is to supply schools with a
well-integrated, standardized training program,
fashioned to produce a technician tailored to in
dustry’s needs.” This statement is still the ob
jective of the varied training program that has
been developed through joint industry educator
publisher cooperation.

Peter McCloskey, President
Electronic Industries Association

Preface
This text and its associated Student Activities Manual were written
as a part of the EIA Consumer Electronics Technician training series.
As a second semester text, Television Servicing—With Basic Electronics
follows the first semester text, Television Symptom Diagnosis—an Entry
into TV Servicing by Richard Tinnell. As an individual textbook, it is writ
ten to stand alone for those who wish to learn monochrome television
circuitry and troubleshooting.
Though written as a second semester text, it is suitable as a beginning
text and presents monochrome television theory and circuitry along with
basic electronic theory. Electronic theory has been injected into the text
where it is needed for an understanding of television principles and theory.
By doing the exercises in the Student Activities Manual, in conjunction
with each chapter of television theory, a knowledge of components, test
equipment, and circuits is gained as the need to know it arises.
The text is arranged in an industry approved “servicing sequence.” The
industry approved sequence pursued in repairing a monochome television
is as follows:

i. To cause the set to display a raster—which requires the following:
A. An operating power supply (Chapter 3).
B. An operating horizontal circuit (Chapter 4).
C. An operating high voltage supply (Chapter 5).
D. An operating vertical system (Chapter 6).
2. To cause the set to display a picture—which requires the following:
A. An operating tuner (Chapter 7).
B. An operating if amplifier system (Chapter 8).
C. An operating video circuit (Chapter 9).
D. An operating age system (Chapter 10).
3. To cause audio to be produced (Chapter 11).
By arranging the text in this sequence the student studies the television
in the same order that should be used to service the receiver.
The general order of parts failure and troubleshooting logic is stressed
in the troubleshooting portions of the book. This means that the student,
upon completion of a course using this text and its companion Student
Activities Manual, will have acquired the necessary tv theory, electronic
theory, test equipment usage, in circuit fault analysis, and diagnostic
techniques necessary to be employed as an entry level bench technician.
The author wishes to thank the following members of the EIA Textbook
Review Committee for their invaluable time and assistance in bringing this
book to print.
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YOU SHOULD KNOW

FOR YOUR SAFETY
A Fire condition and Hazardous Shock condition may extist in your television set, or any item of home electronic equipment,
if any of the following conditions occur:

1. Objects are poked or
dropped into set through
cabinet.

6. Furniture is sitting on
electrical wires.

10. Set is placed near a
heater vent or fireplace.

2. Equipment has been
dropped

3. Equipment has been
damaged.

7 The back of a TV set
is removed.

11. Set is located in an
improperly
ventilated enclosure.

4 Liquid has been
spilled into set.

8 Normal ventilation of set
is obstructed.

12. Set is not turned
off before cleaning
the screen or face.

WHEN INDOUBT—PULL THE PLUG
& CALI FOR ADVICE

5 Extension cords are
overloaded.

9. Set is operating where you
can become a conductor,
such as near pools, sinks, bath
tubs, damp earth, etc.

13. Set is left plugged in during
electrical storm OR when
set is left unattended for an
extended period, (long
weekends and vacations)

Chapter 1

ceiver to see if faults exist that could cause in
jury, and check his/her own work for compliance
with appropriate safety procedures.
Manufacturers include many special compo
nents to make the television as safe as possible.
These special components are usually indicated on
schematics and parts lists by some notation, such
as shading as shown in Fig. 1-1. If any component
needing replacement is indicated to be a safetyrelated part, it must be replaced by the exact or
factory-approved part. Safety warnings and cau
tions given in service literature or on the receiver
chassis must be followed exactly. An example of
some of these are shown here as taken from a
Howard W. Sams Photofact®.

TECHNICIAN SAFETY

Safety can never be overemphasized. Regardless
of the level—manufacturer, technician, or con
sumer—the product must be made, serviced, and
used with safety in mind. Television manufactur
ers expend a great deal of time and money to make
their products as safe as possible for the service
technician and consumer.
As a rule, technicians are aware of the safety
hazards of their occupation and are careful to use
safe procedures in their work. However, the cus
tomer is often unaware of the hidden dangers
posed by electricity or electrical appliances. This
makes it essential for the technician to always
eliminate faults in the television receiver that
could cause consumer injury. The technician must
not defeat in any way the built-in safety features
because of carelessness, ignorance, or use of im
proper parts. If the technician fails to thoroughly
safety check each set he repairs, he/she may be
held liable for any injury occurring as a result of
his/her actions or inactions. The technician must,
therefore, make a complete check of the entire re-

Once the original service fault has been cor
rected, a thorough visual check should be made.
The following is a list of visual checks as suggested
by the Electronics Industries Association in CON
SUMER ELECTRONICS SERVICE TECHNI
CIAN SAFETY GUIDELINES:
157 V • 240 mA
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Fig. 1-1. Shaded components must be replaced with exact replacement types.
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1. No insulated lead or component should touch
a receiving tube or a resistor rated at more
than 1 watt. Lead tension around protruding
metal objects must be avoided. All insulating
or isolation materials, as well as strain relief
devices originally used, must be in place.
2. Soldering must be inspected to uncover pos
sible cold solder joints, frayed leads, dam
aged insulation, solder splashes or sharp
solder points. Be certain to remove all loose
foreign particles.
3. Never release a repaired receiver unless all
covers, clips, cans, screws, bolts, ground
straps, shields, and other hardware have
been reinstalled as per the original design.
4. Incorrect parts, tubes, and transistors must
be removed and replaced with factory ap
proved replacements.
5. Parts or components showing physical evi
dence of damage or deterioration must be re
placed, following original layout, lead length,
and dress.

To check for leakage current, leakage testers,
such as the one shown in Fig. 1-2, are available
commercially, or the technician may use the circuit
shown in Fig. 1-3. Plug the set into a 120-V ac re
ceptacle. Using two clip leads connect a 1500-ohm
10-watt resistor paralleled by a 0.15-/zF capacitor
in series with all exposed metal cabinet parts and
a known earth ground. Use a vtvm or a vom with
a sensitivity of at least 1000 ohms-per-volt and
place it across the resistor-capacitor combination.
With the ungrounded test lead, touch exposed
metal parts which might have a return path to the
chassis (antenna, screw heads, knobs, control
shafts, etc.) and on the meter note the ac voltage
drop across the resistor.
AC
VOLTMETER

T0 SHAFTS.
SCREWS. ETC

1.5K
10W

After the visual inspection has been made and
the set replaced in the cabinet, a check for leakage
current must be made. Even a small amount of
current through a person’s body might cause an
involuntary reaction, such as a sudden jump or
jerk. If the person happens to be near to, or is
holding a sharp object or something hot or break
able when he/she makes contact with the electrical
charge, he/she may hurt himself/herself, someone
nearby, or cause property damage.

.15
TO KNOWN
EARTH GROUND

Fig. 1-3. Technician made leakage tester circuit.

Any reading of 7.5 volts rms on a set manufac
tured before 1973 or 0.75 volt rms on a set manu
factured after January 1, 1973 is excessive and
indicates a possible shock hazard. This hazard
must be removed before the set is released to the
customer.
Reverse the ac plug in the receptacle and repeat
the above test. Do not use an isolation transformer
when performing this test.
ELECTRICAL SHOCK HAZARDS

The service technician is always subject to shock
and should be aware of how to test for shock haz
ards and where to look for them.
The isolation transformer is an important piece
of test equipment and is used almost entirely for
safety reasons. It should be used when servicing
any electrical equipment. It protects the techni
cian from accidents which would cause shock. It
also protects the receiver from damage due to
accidental shorts created during service proce
dures.
The ac line can cause fatal shocks if it becomes
accessible to the technician or consumer. Line-

Fig. 1-2. Commercial leakage teeter. (Courtesy Wz
Manufacturing Co.)
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SAFETY PRECAUTIONS
CAUTION. NO WORK SHOULD BE ATTEMPTED ON AN
EXPOSED TELEVISION CHASSIS BY ANYONE NOT FAMIL
IAR WITH SERVICING PROCEDURES AND PRECAUTIONS.

7. Always REPLACE PROTECTIVE DEVICES, such as fish
paper, isolation resistors and capacitors and shields after
working on the receiver. Use only manufacturers recom
mended rating for fuses, circuit breakers, etc.

1. SAFETY PROCEDURES should be developed by habit so
that when the technician is rushed with repair work, he auto
matically takes precautions.

8. BEFORE RETURNING A SERVICED RECEIVER (of any
type) TO THE OWNER, the service technician must thor
oughly test the unit to be certain that it is completely safe
to operate without danger of electrical shock. DO NOT
USE A LINE ISOLATION TRANSFORMER WHEN MAKING
THIS TEST.

2. A GOOD PRACTICE, when working on a receiver, is to
use only one hand when testing circuitry. This will avoid
the possibility of carelessly putting one hand on chassis or
ground and the other on an electrical connection which could
cause a severe electrical shock.

The following test, is related to the minimum safety require
ments of the Underwriters Laboratories. It should be per
formed after the receiver is serviced and before it is re
turned to the owner.

3. Extreme care should be used in HANDLING THE PIC
TURE TUBE. Rough handling may cause it to implode due
to atmospheric pressure (14 7 lbs. per sq. in.) Do not nick
or scratch glass or subject it to any undue pressure in
removal or installation. When handling, use safety goggles
and heavy gloves for protection. Discharge picture tube by
shorting the anode connection to chassis ground (not cabinet
or other mounting parts). When discharging
. . go from
ground to anode with a well insulated piece of wire

A 1000 ohm per volt AC voltmeter is prepared by shunting
it with a 1500 ohm, 10 watt resistor. The safety test is made
by contacting one meter probe to any portion of the receiver
exposed to the consumer or operator such as the cabinet
trim, hardware, controls, knobs, etc., while the other probe
is in contact with a good "earth” ground such as a cold
water pipe.

Avoid prolonged exposure at close range to unshielded
areas of the cathode ray tube. Possible danger of personal
injury from unnecessary exposure to X-ray radiation may
result.

1OOO OHM VOLT (OR HIGHE Rl AC VOLTME TE R

_________L

NOTES

1

2

4. The TEST PICTURE TUBE used for servicing the chassis
at the bench should incorporate a safety glass and magnetic
shield The safety glass affords shielding from the tube view
ing area against X-ray radiation as well as implosion pro
tection. The magnetic shield limits X-ray radiation around
the bell of the picture tube in addition to restricting magnetic
effects.

REPEAT EACH CHECK W'TH THE
LINE CORO REVERSED IN THE
POWE R OUTLET
METER READING MUST NOT
EXCEED O ?5 VOLTS AC

AC VOL TMETtR

GROUND LEADOE METER TO
ANY EARTH GROUND SUCH AS
A COLDWATER PIPE

VOL IS AC

©

GND

_________
INSULATOR

iC-------- (|

1500 OHM
10 WATT
RESISTOR

PROBE

HOT’ LEAD OF METER TO EACH
EXPOSED PART Of CABINET
AS WELL AS THE CABINET

5. If the HIGH VOLTAGE is adjustable, it should always be
ADJUSTED to the level recommended by the manufacturer.
If the voltage is increased above the normal setting, ex
posure to unnecessary X-ray radiation could result. High
voltage can be measured with an accurate high voltage meter
connected from the anode connection to chassis.

Voltmeter hookup for safety check.
The AC voltage indicated by the meter may not exceed 0.75
volts. A reading exceeding 0.75 volts indicates that a poten
tially dangerous leakage path exists between the exposed
portion of the receiver and "earth” ground. Such a receiver
represents a potentially serious shock hazard to the operator.
The fault must first be located and corrected.

6. An ISOLATION TRANSFORMER should always be used
during the servicing of a receiver whose chassis is com
mon to the AC power line. Use a transformer of adequate
power rating as this protects the serviceman from accidents
resulting in personal injury from electrical shocks. It will
also protect the receiver and its components from being
damaged by accidental shorts of the circuitry that may be
inadvertently introduced during the service operation.

Repeat the above test with the receiver power plug reversed.
NEVER RETURN A RECEIVER TO THE CUSTOMER which
does not pass the manufacturers safety test.
Courtesy Quasar

The technician should also closely check line
cords and plugs. Frayed or cracked line cords and
cracked plugs can be fire hazards as well as shock
hazards. Polarized plugs (Fig. 1-4) are also im
portant safety devices. People often do not realize
that one receptacle slot is wider than the other,
and when the plug cannot be plugged in they dis
cover the wide prong and trim it to fit. Any plug
with the polarization feature defeated should be
replaced and the customer educated as to its pur
pose.
In the shop, strip-line outlets (Fig. 1-5) could

operated receivers have one of the ac power wires
attached directly to the chassis. Of course, this
should be the ground side of the line. However, if
for any reason the plug becomes reversed, the
chassis assumes a potential of 120 volts ac with
respect to earth ground. In this case, the chassis
is said to be hot. For this reason all exposed metal
cabinet parts must be isolated from the chassis.
This is accomplished by plastic bushings, knobs,
etc. So replacement parts must have the proper
insulation. Any broken or missing insulators must
be replaced.
15
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SMALL PRONG
IS THE HIGH SIDE

-------- LARGE PRONG
IS THE LOW SI DE OF PLUG

Fig. 1-4. Polarized plug.

be hazardous because they allow reversal of polar
ized plugs. Other types of unpolarized outlets pre
sent similar threats.
Inside the chassis, often directly across the line
cord input, a so-called “line” capacitor is found.
The purpose of this capacitor is to prevent any rf
present in the receiver from entering the power
line. These capacitors are special ac types and
are designed to safely dissipate damaging power
surges caused by lightning and power line ex
cesses. It is important that this capacitor be re
placed by the exact factory replacement type.
When used in this function, a specific type of ca
pacitor is a requirement of Underwriters Labora
tories.
Tuners and other controls are another possible
source of shock. In fact, to reduce the shock haz
ard many controls even have plastic shafts. Tun
ers used in transformerless (line-operated) re
ceivers have split tuner shafts, with a plastic
insert for isolation (Fig. 1-6). Those sets manu
factured after July 1, 1977 must have their tuners
double insulated.
Other isolation is placed between the chassis
and the antenna leads. This is performed by ca
pacitors and resistors as shown in Fig. 1-7. Be
cause this isolation is necessary for protection
against shock, exact replacement-type tuners must
be used. Do not make replacements based on ap
pearance since many tuners look similar but have
totally different isolation characteristics.
Tuners used in transformer-type chassis are

On

POLARIZED

INSULATION

Fig. 1-6. Vhf tuner with isolation.

u

Fig. 1-7. RC antenna isolation
network.

T
1

ill

I

I

J
300 Q
ANTENNA
INPUT TERMINALS

6

grounded to the chassis through a center tap or
through one leg of the antenna coil. This system
is usually considered safe. However, contact with

r
NONPOLARIZED

©

11

TWO UNBROKEN STRIPS
RUN THE LENGTH OF
THE EXTENSION. PLUGS
CAN BE INSERTED EITHER
WAY.

Fig. 1-5. Nonpolarized
extension.

Safety

an ac power source inside or outside the building
can cause the antenna to become a dangerous 120volt source—a severe shock hazard. Do not neglect
the antenna terminals when performing the leak
age tests as explained earlier in this chapter.
In transformer-operated sets the secondary of
the power transformer isolates the television
power supply from the power line and earth
ground. The transformer is a very reliable com
ponent and rarely has defects which cause shock
hazards. However, the possibility of such hazards
must not be overlooked.
Leakage from the primary winding to the chas
sis or from the primary to secondary windings can
cause the chassis to be hot. Leakage from primary
to secondary can cause a varying degree of poten
tial to appear on the chassis. Other hazards are
possible and are sometimes caused by shorts due
to bare wiring being close to the chassis, by leads
pinched between cabinet and chassis or by chassis
components. Checks for shorts of the primary to
ground or primary to secondary can be made with
an ohmmeter. Such tests should be routinely made
while bench servicing any television receiver.
It is also a good practice for the technician
to check polarized ac outlets. It is not too uncom
mon to find such outlets incorrectly wired. To
determine which slot of the receptacle is really
grounded, a tester can be constructed as illustrated
in Fig. 1-8. The additional 5-megohm resistor pro
vides sufficient isolation to prevent shock in the
case of accidental grounding of the body while
making the test. To complete the test, connect one
end of the tester to a known earth ground and in
sert the other lead of the tester in turn into each
receptacle slot. The lamp will glow when the lead
is inserted into the hot terminal. It will not glow
when touched to the grounded terminal. On prop
erly wired outlets, the wide slot will be grounded.
Most shocks to the technician come from the B+
or high voltage power supplies. Usually, injury to
the technician is caused by involuntary reaction to
the surprise of an unexpected shock. Reflex move

ment away from the shock hazard causes bruises
and cuts of the hands and arms as they are
dragged over edges and corners of the receiver
chassis or cabinet. Other parts of the body are also
susceptible to injury if the technician is near any
object that he/she may strike as he/she jerks
away from the shock.
The technician should sit or stand on an insulat
ing surface, away from any other objects (such
as tables, counters with sharp corners, etc.) which
could be struck. The technician should follow the
old electrical safety standard of working with one
hand in his/her pocket whenever possible. This
prevents him/her from holding onto something
which may be grounded as he/she probes with the
other hand and thus prevents any shocks. The
technician should never wear jewelry when work
ing near an open set.
If the interlock and back cover of the receiver
are in place as they should be, the user is not ex
posed to dangerous voltages. So, these must be re
placed in their original positions by the techni
cian. Also, any RC networks connecting any part
of the chassis to the cabinet must be properly
installed to prevent the charge build-up on any
“floating” part of the cabinet. Such a charge
build-up can pose a shock hazard.
The extreme high voltage and power levels in
volved in the high voltage circuits make the com
ponents and leads susceptible to deterioration.
This deterioration may be in the form of lead in
sulation cracking, or the overheating of compo
nents, such as the flyback transformer. Arcing is
the common result of these conditions. It is hazard
ous to work near, and can be a fire hazard as well.
The technician should carefully inspect such areas
and replace any leads that have cracked insulation,
or transformers which show definite signs of de
terioration, such as excessive wax “puddles” or
cracked insulation jackets.
Replacement of any high voltage components
must be done with care.

1. Use only approved replacement parts.
2. Solder connections should be ball-shaped and
never sharp or pointed.
3. Leave no loose strands of wire. Loose wire
strands and pointed solder joints can cause
corona (a high voltage arc).
4. Dress all leads as nearly like the original
dress as possible. These precautions apply to
any high voltage components, including the
focus and damper components.

\ '

ADD
RESISTOR

90-500 V
AC-DC
NEON LAMP
ELECTR ICAL TESTER

5 MEG
10*
1/2 W

Technicians for years have checked for the pres
ence of high-voltage rf by drawing an arc from

Fig. 1*8. Neon-lamp tester.

17

Television Servicing—With Basic Electronics
NEON
BULB

SPARK GAP

PLATE CAP
Of TUBE

.01
1 KV

‘j

Fig. 1-10. A combination capacitor-spark gap.

gaps are just that and perform no other function
(Fig. 1-11). These devices must never be defeated
and must be replaced with the exact type that was
removed.

Fig. 1-9. Neon bulb high-voltage rf tester.

the plate cap of the high-voltage rectifier. It should
be pointed out that this practice “carbonizes” the
plastic plate cap, reducing its insulating proper
ties. Corona can sometimes be seen about such a
plate cap, which must be replaced when such co
rona appears. More important is the fact that arc
ing is not recommended at all in solid-state receiv
ers. Arcing can cause destruction of solid-state
devices throughout the receiver. A simple test jig
for the indication of a high-voltage rf is illustrated
in Fig. 1-9. It consists of an NE-2 neon bulb with
the leads cut off. The bulb is taped to the end of a
nonconducting rod (plastic or wood). When held
near a high-voltage rf, the lamp will light.
Another point where the high voltage is most
likely to arc is at the anode button on the picture
tube. Continued arcing here may eventually pene
trate the glass and destroy the vacuum. The anode
should be checked for crumbling and cracking. If
any deterioration is apparent, the picture tube
should be replaced.
Because of the possibility of static charge
build-up in certain areas of the television, a com
ponent called a “spark gap” is used. Before the
voltage build-up is great enough to cause any
damage, it is allowed to arc to ground across the
spark gap. Some spark-gap capacitors perform
two functions: one is that of the capacitor itself,
and the other is that of a spark gap. The most
common of these is shown in Fig. 1-10. Other spark
FISH
PAPER

SPARK GAP

FIRE HAZARD

Fire hazard is a major problem in any electrical
appliance, and especially in those repaired with
incorrect parts. The technician must be careful
to replace any parts with the exact replacement
types. This is necessary so the components used
will be made of self-extinguishing materials, i.e.,
materials that will not sustain a flame.
The circuits where high-power components are
used are the low- and high-voltage power supplies,
and the output circuits for the video, vertical,
audio, and horizontal stages. In these circuits or
any circuit in which components may become hot,
lead dress is an extremely important considera
tion. Wires or other flammable materials should
be kept away from tube envelopes, power resistors,
and output transistors.
Proper overload protection of a system is essen
tial. The fuse or circuit breaker is a safety device
selected for maximum protection. It should never
be replaced with anything except the exact re
placement type. To do so and to have the receiver
cause a fire leaves the technician legally liable
for damages. Do not jump fuses with wire, and do
not “over-fuse”—that is, use a fuse device of a
higher rating than the original.
A fusible resistor is a combination fuse and re
sistor. It is a special device and a standard resistor
of any type is not to be used for replacement.

4R

A/

DISTANCE BETWEEN
WIRES IS THE SPARK GAP

■x\,

I

Fig. 1-11. Common spark gaps.
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Safety

until it is time to actually place it into the cabinet.
Defective picture tubes (duds) should not be left
with the customer. Explain the danger, pack it in
the empty carton, and remove it from the cus
tomer’s home.
The following list is given by the Electronics
Industries Association as details of picture tube
installation that deserve particular attention with
respect to safety.

PICTURE TUBE INSTALLATION

The picture tube is a source of danger because
of the possibility of shock or implosion. The inner
and outer graphite coatings of the picture tube
form an excellent capacitor that will hold a charge
for days. Before removing a picture tube or work
ing near the high voltage, the anode connection
(anode button) should be discharged. This connec
tion should not be shorted directly to ground. To
do so, as is often done with a long screwdriver, can
cause damage to the anode button because of the
high energy arc. It also does not always remove
all the charge from the tube.
The high voltage stored on the picture tube
should be discharged slowly through a high-value
resistor (for example, 10 megohm) to ground. To
do this connect the resistor to two clip leads. Con
nect one lead to ground first. Then connect the
other clip lead to the blade of a well-insulated
screwdriver and touch the screwdriver blade to
the anode button. It should be left in contact with
the anode button for several seconds. If the tube
is not fully discharged, it is possible for the tech
nician as he handles the tube to receive a shock
and drop the tube. Implosion could then occur and
cause serious injury.
Implosion results as a violent reaction of the in
ward rush of air to fill the tube vacuum when the
vacuum seal is broken by cracking the glass enve
lope. Implosion can be caused by careless handling,
production flaws, or stresses caused by deep
scratches on the surface of the picture tube enve
lope.
When replacing a picture tube the working area
should be cleared of other people, and the techni
cian should wear safety glasses and gloves. The
picture tube should always remain in the carton

1. Remove the picture tube from the carton and
check the part number stamped on the tube.
Picture-tube cartons are rarely, if ever, mis
marked, but a few seconds of your time elim
inates any possibility of a wrong picture
tube installation.
2. The picture-tube mounting hardware should
be tightened evenly and securely. An uneven
or overtight installation may cause uneven
pressures on the glass, which can in turn
cause the picture tube to crack.
3. Proper grounding of the picture tube and
surrounding shield is of extreme importance.
Static charges can develop on the mask which
can reach anode voltage potential and cause
a shock hazard as well as damage chassis cir
cuitry. The original grounding method and
hardware should be restored.

Some picture tubes have a “glass-allowance”
or “dud” value which makes it worthwhile to re
turn them to the supplier. These tubes should be
placed in the carton as soon as they are removed
from the set, and should not be scratched or
broken. Tubes with no glass allowance value
should be disposed of immediately by placing them
face down in the carton, closing the carton flaps
around the neck, and gently tapping off the glass
tip as shown in Fig. 1-12. This should never be

Fig. 1-12. Disposing of used
picture tubes.

REMOVE SOCKET
AND TAP OFF GLASS TIP
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done on customer property. Once this is done the
tube cannot be used for any purpose, nor does it
have a dud value.

Any picture tube used as a test tube must be
designed for operation at a voltage greater than
that of the chassis under test. Follow the test-jig
manufacturer’s instructions. Dealing blindly with
high potentials can be very dangerous.

X-RADIATION

In recent years, attention has been given to the
possibility of X-radiation caused by faults which
result in excessive high voltage. The principal of
fenders in monochrome televisions are the picture
tube and the high voltage rectifier.
Special glass and shielding is used in the more
recent receivers to prevent X-radiation that may
exceed levels established by the US Department
of Health and Human Services. Tubes in these
circuits must be replaced by an approved type and
all shields must be properly replaced in order to
prevent exceeding radiation level standards. In
the case where a receiver comes in for repair with
out the shield, it should be replaced as a standard
servicing procedure. In sets manufactured in
more recent years, solid-state high voltage recti
fiers have been used, eliminating that circuit as
an X-radiation hazard. Thus, in most sets in use
today the radiation hazard is confined to the pic
ture tube.
X-radiation, of course, is the result of excessive
high voltage. It is, therefore, essential that the
technician check the high voltage of each set ser
viced. High voltage must be maintained at the
design level for best picture quality and to main
tain X-radiation safety levels. A high voltage
probe is easily used, inexpensive, and usually ac
curate; however, the accuracy should be checked
against another meter periodically.
When troubleshooting sets that have excessive
high voltage, the set should be operated only long
enough to make the necessary tests. The high-volt
age compartments must be closed except when it
is necessary to make tests inside the compartment.
To ensure against shock, the picture tube must be
discharged before replacing any of the high-volt
age tubes.
Any test jig used for servicing a chassis on the
bench should use picture tubes designed for use
at high potentials, and to provide adequate protec
tion against X-radiation. It must also incorporate
all necessary metal shielding around the tube for
protection against implosion as well as X-radia

CUSTOMER SAFETY

Ensuring customer safety has become an in
creasingly more important aspect of equipment
manufacturing and servicing. The manufacturer
takes the utmost in precautions when the set is
designed and produced so that no normal safety
hazard exists. Yet, the customer in many cases will
defeat the design of the set or create a safety haz
ard by misusing the set. It is a good customer re
lations technique to thoroughly explain to the cus
tomer how some of these more common misuses
can cause safety hazards. This could be done when
the customer purchases the set or when it is re
paired, especially if the repair was necessitated
by misuse.
Many manufacturers pack a brochure with
each set that points out the misuses of a television
receiver that can cause a safety hazard. That
brochure, prepared by the Electronic Industries
Association (EIA), is reprinted here.

It should be explained to the customer that
although the manufacturer takes all the pre
cautions necessary to be sure the customer gets
the safest possible product, you, the technician,
have also safety checked the set. And caution
him to observe all the safe users’ practices as
have been illustrated here. Thus the customer
has been educated concerning the safe and effi
cient operation of his set and assured that you
are looking after his best interests. The result
is a happy, assured, safety minded customer
who is likely to return when his set does have
problems.
The proper manner to safety check a receiver
has been thoroughly explained and so will not
be repeated. It should be emphasized, however,
that a safety check should be a routine part of
any service procedure. And, for good customer
relations, it should be pointed out to the cus
tomer that such safety check has been provided
for his safety.

tion.
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Chapter 2

SVSanoehrome T@D@visoor^ Block
Oisgj^sim ^imaDysis (by Function)
The television receiver is a system requiring
two inputs and supplying two outputs as shown in
Fig. 2-1. In order to convert these two inputs into
intelligent outputs several operations are required
of the receiver. It must be capable of producing
a lighted screen (raster), putting a picture on the
screen, adding sound, and having control over all
functions to allow individual viewer adjustment.
This chapter is concerned with an in-depth de
scription of the television receiving system by its
functions. The reader with a background in block
diagram “symptom diagnosis” should feel at
home. Those with no background in symptom
diagnosis may find the chapter to be a little diffi
cult. It should not be felt that everything in this
chapter must be totally understood, for through
out the book these concepts will be expanded and
explained. However, if possible, the reader should
read Television Symptom Diagnosis—an entry
into TV servicing by Richard W. Tinnell, which is
an excellent review that will prepare the reader
for this text and is available from Howard W.
Sams & Co., Inc. In symptom diagnostic training a

□

ANTENNA

TUNER

block diagram as seen in Fig. 2-2 is used as the
foundation for further television service training.
A look at each function of the receiver should
show what part each stage plays in developing
picture and sound. The first functions to be dis
cussed are those necessary to produce a lighted
screen. The order in which these functions are
presented is the same order in which the receiver
should be repaired. That is, first the set should
INCOMING SIGNAL
FROM A STATION

SPEAKER
SOUND

ANTENNA
TELEVISION
RECEIVER

PICTURE
TUBE

POWER FROM THE
ELECTRIC PLUG

Fig. 2-1. Block diagram showing inputs and outputs.
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Fig. 2-2. Block diagram of a typical black-and-white receiver.

have a lighted screen. Then, picture can be added,
the picture can be synchronized, sound can be
added, and picture controls can be adjusted.
DEVELOPMENT OF THE RASTER
Before a picture can be produced, the screen
must be lighted. This light is called raster and
hereafter will be referred to as such. Fig. 2-3A
shows a raster while Fig. 2-3B shows a no raster
condition.

Low Voltage
For any electronic system a power source is
required. This power is usually direct current
(de) and is necessary before any part of the set
can operate. In solid-state monochrome television,
less voltage and current are required than in color
sets. Thus, power supply failures are less frequent
than in color sets.
Though many small sets are capable of being
battery powered, most are “line-operated” from
the 120-V ac power line. And, those using batteries
usually have recharge circuits allowing battery
recharge from the line-operated supply. A block

(B) No raster.
Fig. 2-3. Television screen condition.
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Fig. 2*4. A typical line operated power supply.

diagram of a typical line-operated supply is illus
trated in Fig. 2-4A. The schematic of this supply
is shown in Fig. 2-4B.

screen. It must supply a large amount of current
for the flyback (horizontal output) transformer
in order to produce the high voltage output. This
means that much heat is created. The horizontal
output transistor is thus usually mounted on a
heat sink in order to dissipate the heat generated.
The 15,734 Hz pulses of current from the hori
zontal output transistor are used to operate the
flyback in order to develop a high voltage at low
current. This high voltage, on the order of several
thousand volts, is then changed to direct current
by the high voltage rectifier and applied to the
anode of the picture tube for its operating volt
age. Any problems in these stages which would
cause one or more of the circuits to cease fzcnctioning will cause a loss of raster.

High Voltage

Operation of the low voltage power supply does
not in itself assure that the screen will light. Fig.
2-5 shows the stages that are required in order to
produce a light on the screen. These stages provide
a high voltage which is applied to the second anode
of the picture tube. This is an accelerating voltage
used to attract an electron beam from the electron
gun in the neck of the tube to its screen. Without
this high voltage the screen will not light.
Referring to Fig. 2-5, the purpose of the hori
zontal oscillator is to take de voltage from the
low voltage power supply and change it to a 15,734
Hz horizontal pulse. This pulse is then fed to the
driver stage which is responsible for increasing
its power level after which it is applied to the
horizontal output stage. The horizontal output is
an important stage for the development of the
high voltage required to light the picture tube

Fig. 2-5. Stages required to
place a “light” on the picture
tube screen.

HORIZ
OSC

SCANNING THE RASTER

With the circuitry just described only a bright
spot would be produced in the center of the
screen. Further circuitry is required in order to
fill out the screen with light—create a raster. This

DRIVER
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Fig. 2-6. Circuitry necessary to
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will be the responsibility of the scanning section
of the receiver.
Fig. 2-6 shows the additional circuitry that
must be added in order to produce complete de
flection of the electron beam both horizontally
and vertically on the ert screen. Notice that many
of the same stages which were used for the de
veloping of high voltage are also used for deflect
ing the beam horizontally. Remember though, that
if the high voltage is absent, there is no raster;
therefore, scanning cannot be seen even though it
may be occurring.
As Fig. 2-6 shows, two different stages are re
quired in order to accomplish scanning of the
picture tube. One action will be in the horizontal
direction, left to right; the other will be in the
vertical direction, top to bottom.

2

2

3

1

(A) Vertical sawtooth.

1

3

(B) Horizontal sawtooth.

Fig. 2-7. Deflection current waveforms.

still another winding to the transformer and use
the produced voltage to heat the picture tube fila
ments. These two items indicate the importance
of being able to read schematic diagrams in order
to localize problems to their individual stages for
efficient and rapid troubleshooting.
Vertical Scanning

Vertical deflection starts with the vertical os
cillator which takes de from the power supply and
changes it to a 59.94 Hz pulse. The oscillator out
put is then fed to the vertical driver stage, in
creased in level, and then used to operate the out
put stage. The output circuit will supply the
proper current to the vertical deflection yoke in
order to cause the beam to move from the top of
the screen to the bottom.

Horizontal Scanning

Horizontal scanning must begin at the hori
zontal oscillator stage where the basic scanning
frequency of 15,734 Hz is developed. The hori
zontal oscillator output is applied to the driver
stage, to the output stage, and then to the output
transformer. So far these are the same circuits
that are required in the development of high volt
age. Normally, a voltage is tapped off the trans
former by coupling a secondary winding to it.
This output is then applied to the horizontal de
flection coils which are mounted around the neck
of the picture tube. The properly timed currents
through these coils will provide the left to right
motion of the electron beam as it is attracted to
the face of the picture tube by the high voltage.
These deflection coils are a part of the yoke, which
also includes the vertical deflection windings.
In many modern television sets other windings
are placed on the flyback, their outputs rectified,
filtered, and used for operating potentials for
different stages. Other manufacturers will add

Scan Currents

Fig. 2-7A shows the shape of the vertical scan
ning currents that are required to cause proper
deflection. This type of waveform is called a
“sawtooth.” The distance between points 1 and 2
indicates the travel of the beam from the top of
the screen to the bottom. Points 2 to 3 indicate the
travel of the beam from the bottom of the screen
to the top in order that the process of screen scan
be repeated. This is termed “retrace” time. Dur
ing retrace time the beam must be extinguished,
or “blanked,” so the retracing electron beam will
not cause a visible line on the screen. This action
24
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the beam is blanked and retraced from the bottom
to the top of the screen. Once at the top, the re
maining % line will be traced and the even num
bered lines will begin to be traced, i.e., second,
fourth, sixth, etc. A close look at the top and bot
tom of the screen should reveal the % lines of trace.
The entire scanning mechanism can be sum
marized as follows:

must take place 59.94 times per second; therefore,
59.94 vertical scans or “fields” are produced each
second. This is termed the “vertical frequency.”
In Fig. 2-7B the horizontal sawtooth is shown.
For every one vertical sawtooth, there are 262
horizontal sawtooths. The distance between points
1 and 2 indicates the travel time of the beam from
the left side of the screen to the right side. Points
2 and 3 indicate the travel of the beam from the
right side of the screen to the left side. This would
then be trace and retrace times for the horizontal
scan. As in the vertical circuit, horizontal retrace
must occur during the period when the beam is
blanked so the “retrace lines” are not seen. Hori
zontal trace and retrace must occur 15,734 times
per second and this becomes known as the “hori
zontal frequency.”

1. A 2 to 1 scanning interlace is used.
2. 262% lines equal one field which is one verti
cal scan.
3. Two fields, 525 lines, equal one frame which
takes two vertical scans.
This explains how the raster is produced. The
next function of the television receiver is to put
the picture on the raster.

Interlace Scanning
THE COMPOSITE VIDEO SIGNAL

It should be evident that in order to have proper
scanning action, horizontal and vertical deflection
must occur simultaneously. One force pulls the
beam left to right, while the other force moves the
beam from top to bottom of the screen.
If the screen of a television receiver is closely
observed, it can be seen that the picture is made up
of individual lines. These lines, when put together,
cause the entire screen to light.
In the United States system of television broad
cast, standards have been set with which receivers
must comply. Five hundred and twenty-five lines
are used in order to make one picture which is
termed a frame (complete picture). If all of the
lines were counted, 483 would probably be the
most that would be seen. This is because some lines
are lost during vertical retrace time as the beam
is retracing from the bottom of the screen to the
top.
Another US broadcast standard requires the
use of a 2 to 1 interlace. This simply means that
two fields, or two vertical scans, are used to form
one complete picture on the screen.
This interlace is accomplished by having the
beam first scan the odd lines, i.e., first, third, fifth,
etc., until the 262% line is scanned. At this point
EQUALIZING
PULSE

HORIZONTAL
SYNC PULSE

HORIZONTAL
BLANKING
PULSE

In putting a picture on the screen, the receiver
is a slave of the broadcast station. All of the
commands for the receiver to follow are broadcast
from the television station. As far as mono
chrome is concerned, the television station will be
sending two signals, the composite video, and
audio. A composite video signal is illustrated in
Fig. 2-8—it is made up of the following:
1. Video signal
2. Horizontal blanking pulse
3. Horizontal synchronizing pulse
4. Vertical blanking pulse
5. Vertical synchronizing pulse
6. Equalizing pulses
Video Signal

This signal will supply the picture tube with the
proper information for displaying a picture on the
screen. Video is made up of frequencies that start
at about 30 hertz and extend to 4.2 MHz. Low
frequencies will display the large picture area in
formation, while high frequencies produce fine pic
ture detail.
VERTICAL SYNC
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Fig. 2*8. Composite video signal.
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COMPOSITE VIDEO
FROM VIDEO CIRCUITS

INTEGRATOR

TO VERTICAL
OSCILLATOR

Fig. 2-9. Sync circuits.
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HORIZ
AFC

Horizontal Blanking Pulse

___ __ TO HORIZ
OSCILLATOR

Hz rate. Every other pulse is used to synchronize
the horizontal oscillator.

The horizontal blanking pulse will tell the re
ceiver to blank out the electron beam in order
that horizontal retrace can occur without being
seen imposed on the picture. It will give a pulse
repetition rate of 15,734 Hz and is utilized by
the crt.

Equalizing Pulses

As seen in Fig. 2-8 equalizing pulses precede
and follow the vertical sync pulse. Their frequency
is 31,500 Hz and they are used for two purposes.
(1) Maintain half line differences between
fields so scan lines do not overlap.
(2) Discharge the integrator capacitor prior to
the application of the vertical sync pulse.

Horizontal Synchronizing Pulse

This pulse is applied during the time that the
horizontal blanking pulse shuts off the electron
beam. The horizontal synchronizing pulse is used
to keep the horizontal oscillator in step with the
horizontal frequency at the transmitter. This is
necessary to ensure that the picture is properly
framed in the horizontal direction. The horizontal
synchronizing frequency is the same as the hori
zontal blanking frequency—15,734 Hz. The differ
ence in the sync and blanking pulses is the pulse
widths as seen in Fig. 2-8.

To this point, lighting the screen has been dis
cussed in two parts:
(1) Producing a light on the screen.
(2) Scanning this pin-point of light up, down,
and across the screen in such a manner as
to produce a totally lighted screen.
Now picture information must be received from
the broadcast station and caused to produce an
identical picture on the television screen.

Vertical Blanking Pulse

The vertical blanking pulse is used to blank the
picture tube prior to the application of the vertical
synchronizing pulse. It has a pulse repetition rate
of 59.94 Hz.

SYNCHRONIZING THE PICTURE

As discussed previously, tv scanning oscillators
must be synchronized to the broadcast signal.
Therefore, the sync signal portions of the com
posite video signal must be channeled to the cor
rect stages (Fig. 2-9).
The sync signal pulses take the same path as the
video and audio signals through most of the re
ceiver. After the video detector, the composite
video signal is applied to the sync separator cir
cuit. This circuit is used to separate the horizontal
and vertical synchronizing pulses from the video
—just as its name implies. The sync separator
is a clipper stage which takes a composite video
input and produces horizontal and vertical pulses
at the output. Since these pulses share the same
output, a method must be provided to separate
them and send them to their individual circuits.
Two RC (resistor-capacitor) circuits perform this
function.
The integrator is used to pass the low frequency
vertical sync pulses and block the high frequency
horizontal pulses. The vertical sync pulses then

Vertical Synchronizing Pulse
-

The vertical synchronizing pulse keeps the ver
tical oscillator timed to the broadcast station ver
tical pulse so the picture will be properly framed
in the vertical direction. In addition it gives the
proper time for the start of vertical retrace. It
has a pulse repetition rate of 59.94 Hz, the same
as the vertical blanking pulse. The difference is
in the pulse widths.
In examining Fig. 2-8 it is seen that the vertical
sync pulse appears to have six separate pulses.
Actually there is only one sync pulse which is
serrated or broken into six separate pulses. These
serrations are at double the horizontal frequency
and function to supply the horizontal oscillator
with a continuous flow of sync pulses, during
the vertical blanking interval, so that it does not
go off frequency. The vertical sync pulse is at a
59.94 Hz rate, and the serrations are at a 31,500
26
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trigger the vertical oscillator and hold it to the
frequency of the transmitter.
The differentiator passes the high frequency
horizontal pulses on to the horizontal stages but
blocks the low frequency vertical pulses. Prior to
the horizontal oscillator stage is a stage called the
horizontal automatic frequency control (afc) cir
cuit. A sample of the horizontal oscillator fre
quency is taken from the horizontal output (fly
back) transformer and applied to the afc circuit
along with the incoming sync pulses. If they are
of different frequencies, a control voltage is cre
ated. This control voltage is applied to the hori
zontal oscillator causing it to correct its output
frequency. In this manner, the horizontal oscil
lator in the receiver is synchronized with the
transmitted signal and proper “framing” results.

The purpose of the local oscillator is to generate
a carrier wave which is used to heterodyne or
“beat” with the incoming rf signal in the mixer
to develop the if.
The mixer is a nonlinear amplifier which beats
the two frequencies together. Four frequencies
are the product of this heterodyning action. One
of these frequencies is the difference between the
incoming channel frequency and the local oscil
lator frequency, thus giving rise to the term inter
mediate frequency. This if is selected by tuned
circuits at the output of the mixer and in the if
stages. It should be remembered that the conver
sion from the rf modulated wave to the if modu
lated wave in no way affects the information that
is obtained in the wave. It is simply a change in
the frequency that is used to carry the infor
mation.

PRODUCING A PICTURE
The Intermediate Frequency Amplifier

Several circuits are required to receive, am
plify, and reproduce video information. A block
diagram of these circuits is shown in Fig. 2-10.

The prime responsibility of the if amplifiers is
to provide proper gain and selectivity. The ampli
fiers will provide the gain, and the tuned circuits
will supply the selectivity. The amplifiers will
operate Class A in order to preserve fidelity of the
modulated wave.

The Tuner

The tuner is used for two purposes: (1) select
ing a channel, and (2) developing an “intermedi
ate frequency” (if) to carry the intelligence. By
the proper selection of “tuned” circuits, the tuner
is able to select the desired transmitted channel
of frequencies. The if is developed by action oc
curring in the mixer stage.
The tuner itself is made up of a radio frequency
amplifier, local oscillator, and mixer stages. The
purpose of the rf amplifier is to increase the level
of the signal as it comes in from the antenna,
provide a good signal to noise ratio, and to isolate
the oscillator from the antenna to ensure that the
antenna does not radiate the oscillator frequency
and cause interference to other receivers.

The Video Detector Stage

Prior to application of the video signal to the
picture tube, we must separate it from the carrier.
This is the function of the video detector stage
which is made up of a signal diode rectifier, a load
resistance, and a bypass capacitor.
The diode rectifies the if modulated wave and
applies its output to the load resistance. The ca
pacitor is used to bypass the if carrier around the
load resistance so that only the video signal (and
not the if carrier) is amplified by the following
stage.
27
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Fig. 2-11. These circuits are
necessary to receive and re
produce sound.

IF
AGC

AGC

The Video Amplifier

has another function relating to the audio signal
that is not the same as its function toward the
video signal. Because the transmitter is broadcast
ing two signals (audio and video) which are
separated by 4.5 MHz, we can develop a sound if
by the beating of these two carriers in the de
tector stage. Because the detector diode is a non
linear device, heterodyning (beating) will take
place. The audio information will be contained in
a frequency modulated wave around the 4.5 MHz
sound if. Produced by this action, the 4.5 MHz if
is then delivered to tuned amplifier stages which
are used to increase the gain and tune out any
video information that may be present.
The sound if must now be detected in order to
remove the audio variations from the fm if vari
ations. This process will require a detector stage
that is different from the video detector which
detects amplitude modulated signals. This stage
is usually a discriminator or a ratio detector. The
output of the fm detector is then fed to audio am
plifier stages before being presented to the speaker
which converts the electrical energy into me
chanical energy or sound.

The video amplifier stage is a wideband ampli
fier operating Class A in order to preserve fidelity.
Its output is fed to the picture tube causing the
electron beam, being accelerated to the crt screen
by the high voltage, to be modulated. The beam is
thus made to turn on and off creating light and
dark spots as it scans across the screen. A pic
ture is now formed on the face of the picture tube.
Automatic Gain Control

In order to eliminate the fluttering of picture
due to differences of signal level, a special stage
is incorporated which will govern the amplifica
tion of the rf and an if stage. Since this control
must be related to the input signal, video is recti
fied, and a corresponding de voltage developed
which is then applied to the rf and if stages to
control their gain.
The video signal used may be tapped off at the
detector stage or at the output of the video ampli
fier. If the output of the video amplifier is selected,
an extra rectifier stage is required in order to de
velop the de voltage. It should be evident that if
there is a problem in any of the stages just de
scribed, there will be an effect on the picture seen
on the screen.
Now that the screen has been lit, and a picture
placed on it, the next step is to give the set sound.

TELEVISION RECEIVER CONTROLS

THE AUDIO SYSTEM

Fig. 2-12 shows a complete block diagram of the
television set with the location of the various
controls that are used to adjust various circuit
functions.

Again, several circuits are necessary to process
the sound signal. These can be seen in Fig. 2-11.
Note that part of the audio path is the same as
that just described for the video path.
In addition to transmitting the video signal,
the broadcast station simultaneously sends the
audio signal. As mentioned, the circuit actions
from the tuner to the sound take-off are the same
as for video except when the audio signal goes
through the video detector. The video detector

Channel Selector—Selects the desired channel by
the selection of tuned circuits.
Fine Tuning—Adjusts the frequency of the local
oscillator. Adjust for best picture and best
sound should follow.
Contrast—Adjusts the range of the video signal
amplitude, controlling the gain of the video am
plifier stage. Adjust for the desired black to
white level.
Brightness—Adjusts for the average background
28
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Fig. 2-12. Block diagram show
ing location of adjustments.
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level by controlling the beam current of the pic
ture tube. Adjust for desired picture brightness.
AGC—Follow manufacturer’s recommendation for
adjustment. Adjusts the gain of the rf and if
amplifiers. General rule for adjusting: On
strong signal, adjust until bending appears in
the picture, then back off slightly. On weak
signals, adjust until snow appears, then back
off slightly.
Volume—Adjusts audio input voltage to the audio
amplifier.
Vertical Hold—Adjusts frequency of vertical os
cillator. Adjust for properly locked picture.
Height—Adjusts for full picture deflection in the
vertical direction.

HORIZ
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BRIGHTNESS
CONTROL

VERT
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SYNC
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_____ f
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VIDEO
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VIDEO
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IFs

TUNER
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Vertical Linearity—Adjust for equal spacing of
scan lines between top and bottom of the pic
ture. This produces a picture with the proper
perspective, i.e., balls are round, not oblong.
Horizontal Hold—Adjusts frequency of the hori
zontal oscillator. Adjust for proper horizontal
locking.

The remainder of this text will explain the oper
ation of each of the circuits whose functions have
been outlined here. These explanations will in
clude the theory of operation, probable defects, the
necessary electronic theory to understand the op
eration, and troubleshooting techniques.
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Chapter 3

Low VoUfeagie Power Supplies
With few exceptions (battery powered only), the
monochrome television receiver will have a low
voltage power supply circuit. The power supply
changes ac “line” voltage into the de voltages re
quired by various circuits in the receiver. In this
chapter we will study the different types of power
supply circuits found in modern solid-state mono
chrome televisions. Electronic fundamentals will
also be briefly discussed for those who have not
studied them previously or need a review.
It is not necessary to understand everything
about these fundamentals in order to understand
the materials presented here on power supplies.
However, the more knowledge of the funda
mentals you can acquire, the easier will be your
study of monochrome television circuits and trou
bleshooting. You may wish to review some of the
discussions contained in this book with your in
structor or use any of the excellent fundamentals
texts that are available. The basic principles which
will be discussed along with power supply ex
planations are ac and de power, series and parallel
circuits, voltage, current, resistance, how to use

meters and scopes, transformers, diodes, transis
tors, resistors, and capacitors.
By necessity, the discussion of these basics will
be brief. The student activities manual (SAM),
companion book to this text, has several exercises
which will explain these theories in a much more
complete form. You will also be given circuits
to connect and various procedures for using test
equipment. The exercises provide a means for you
to “tie” written explanations and theories to ac
tual “hands-on” experiences.
AC-DC POWER

Alternating current is the type of electricity
distributed throughout the United States and
much of the rest of the world. In the United
States we have 120 volt, 60 hertz (sometimes
called “cycles”) ac. This means that the electrical
movement inside our electrical system wires al
ternates directions of movement 60 times each
second—therefore, called 60 hertz or cycles. The
correct term in use today is hertz though some
SOUND
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ol________________________
(B) Pulsating de (may exhibit
any shape).

Fig. 3-3. Direct current.

Direct current moves only in one direction: it
does not change or alternate directions. Batteries
supply de. Radios, televisions, and other electronic
equipment must have de in order to operate
properly. Assume an audio amplifier as an ex
ample. Suppose ac were to get into the speaker.
It would cause the speaker to move in and out
as the current changes directions. This would
cause an annoying 60 hertz “hum” to be produced.
However, if de is applied to the audio circuits the
speaker is not made to move in and out since de
does not change directions and the hum is not
heard—de must be used in such circuits. A graph
of pure de is shown in Fig. 3-3A. Note that as
stated, over a period of time, the amplitude does
not change nor does it change directions of flow.
Direct current can be made to change in ampli
tude (Fig. 3-3B). If de changes in amplitude it
is called pulsating de. Direct current can be either
positive or negative depending on which direction
it is moving.

Fig. 3-1. Graph of alternating current.

people still prefer the term “cycles.” If a graph
were to be drawn of ac it would look like that
shown in Fig. 3-1. Note that the graph plots
amplitude against time. One direction of electrical
movement is called positive and the other direction
is called negative. Above the zero amplitude or
time line on the graph the amplitude and electrical
direction is positive; below the line it is negative.
The number of times a cycle of electrical move
ment, as seen in Fig. 3-2, occurs in one second is
o

WIRE

Fig. 3-2. Ac electrical movement inside a wire.

termed the frequency. So, if the electricity in a
wire moves from a standing point (zero) to its
maximum in one direction, then returns to zero
again and moves in the other direction to its maxi
mum and to zero once more 10 times a second the
frequency is 10 hertz. As mentioned above the
US standard is 60 hertz.

THE OSCILLOSCOPE

The oscilloscope is used to observe current
movement in an electrical circuit. The oscilloscope
electronically produces a graph as illustrated in

Fig. 3-4. An osclllosope.
(Courtesy Sencore, Inc.)
TIM EBASE-EREQ

TRIGGER

MODEL SCW

ILLOSCOPc
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Figs. 3-1 and 3-3. An oscilloscope is shown in Fig.
3-4. Within the “scope” are circuits which cause
an electron beam to be accelerated toward the
screen of the crt exactly as in the television crt.
This beam is deflected side to side by a horizontal
deflection circuit and up and down by a vertical
deflection circuit. Horizontal deflection is usually
accomplished by triggered circuits which cause the
beam to start sweeping across the screen as the
incoming signal begins to increase in amplitude.
Other scopes will have a recurrent sweep which
means that the beam sweeps from side to side at
the same frequency time after time. The triggered
type is best and is preferred by most television
technicians.
Vertical deflection is accomplished by the signal
applied to the scope through its input lead. So as
the input changes amplitude, causing the pinpoint
of light on the screen to move up and down, the
horizontal circuits are causing the beam to move
to the side. A graph of time versus amplitude is
then created. To measure the movement of current
in a circuit, the ground lead of the scope is at
tached to the circuit ground, the signal lead of
the scope is attached to the circuit “hot” lead, and
the frequency of horizontal sweep is set so that
one to two cycles of the signal can be seen on the
screen. Further explanation and operational exer
cises are given in the SAM.

AMP • A

(EXAMPLE D

MILLIAMP ■ mA

MICROAMP ■ mA

1 AMP • 1000 mA • 1.000.000 pA

(EXAMPLE 2)

.1 A - 100 mA - lOO.OOOpA

(EXAMPLE 31

.01A • 10 mA • 10,000 pA

(EXAMPLE 4)

.001A • 1 mA - 1000 pA

lrnA‘ 1000 A

lpA ’ i.txn.ooo A

Fig. 3-5. Relationship between units of current measure.

called electrons. This movement occurs from nega
tive to positive points. Negative points have an
excess of electrons so must be the source of elec
tron flow. Positive is the lack of electrons and thus
will attract them. Current is measured in amperes
(amps), milliamps, and microamps (Fig. 3-5).
Resistance is the opposition to electrical current
flow. The more resistance in the circuit the less
current will flow. Also, put another way, the
more resistance in the circuit the more voltage it
will take to push current through it. All electronic
components have resistance in one way or another
—some more and some less. Even wires have some

--•«»----- •-----

VOLTAGE, CURRENT, AND RESISTANCE

Whether the power used is ac or de, there are
three elements of it which must be understood.
These are voltage, current, and resistance. Voltage
is the pressure which causes electrical flow and is
measured in volts. A flashlight cell normally has
IV2 volts of electrical pressure. The household ac
is usually around 120 volts.
Current is the actual movement of electrical
charges. We say that electrical current is the
movement or flow of negatively charged particles
BAND
COLOR

Fig. 3-7. Resistor color code.
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Fig. 3-6. Common resistor types.
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resistance though it is very little and usually
considered to be insignificant.
A special component, the resistor, has the ex
press purpose of providing resistance. The unit
of measure of resistance is the ohm. In Fig. 3-6
several types of resistors are shown. Note that two
of the resistors are color coded. The color code is
explained in Fig. 3-7. Resistors are purchased by
their ohmic rating, tolerance rating, and wattage
rating. The tolerance rating is important in criti
cal circuits, such as meters. The tolerance rating
means that the resistor cannot vary in resistance
more than the tolerance rating. For example, a
1000 ohm 5% resistor is guaranteed to be not less
than 950 ohms and not more than 1050 ohms.
Resistors are purchased by their wattage rating
as well as their ohms and tolerance ratings. The
resistor is the only basic electrical component
specified directly in watts. Others may have watt
age rating values but it is not always a primary
specification used in their purchase. Though the
ohms value of a resistor is completely unrelated to
its physical size, the wattage is directly related
to physical size. The larger the resistor in size,
the more air it will contact and thus the more heat
that can be dissipated by the resistor into the sur
rounding air. Heat generated by the current flow
ing through the resistor is directly proportional
to the amount of current movement, and is ac
tually “work” performed by current movement
through the resistor.
Voltage, current, and resistance are directly
measurable by simple meters while power (watts)
is not. To directly measure power, special meters
are required. The use of and the types of meters
used for voltage, current, and resistance mea
surements will be explained later in this chapter.

NO CURRENT FLOW
/
IN THIS DIRECTION/

120 V
AC

DI

1!

o
o

o

o

CURRENT
FLOWS ONLY
IN THIS
DIRECTION

Fig. 3-8. A diode changes ac to de.

rection in all circuits. If they are reversed they
allow current to flow into the circuit in the wrong
direction causing capacitors and solid-state com
ponents to be destroyed. Internally the diode has
two elements, the anode and cathode. The cathode
is usually marked in some way on the outside of
the case. One way is to have a drawing of the
diode symbol on the case; another is to mark the
cathode end with a “+” or to place a stripe around
the cathode end. If the diode is not identified,
it is relatively easy to do so with an ohmmeter.
Connect the ohmmeter leads to the diode so a low
resistance reading is produced. The cathode is
the lead which is then connected to the negative
meter lead. In most meters this will be the black
or common lead. However, in some meters the
internal battery source may be reversed. It is
best to check your meter on a diode that is already
marked so you will know which lead on your meter
is negative. Remember in all cases, the current
flows against the arrow in the diode symbol as
shown in Fig. 3-8.
Theoretical concepts of the diode can be found
in any electronics fundamentals text. We will not
discuss how the diode allows electrical movement
to occur in only one direction at this time. For our
present purposes it is necessary that you know
what it does and not necessarily how it does it.
A more theoretical explanation of the diode’s
“inter workings” will be given at a later point in
this chapter.
Diodes are purchased according to their cur
rent and voltage ratings. Other ratings are given
but these are the most useful to the technician.
Diodes are available in many case styles as shown
in Fig. 3-9. The case sizes are somewhat related
to the current ratings of the diode since more heat
is dissipated by more current. Diode current and
voltage ratings are maximum ratings and should
not be exceeded under any circumstances. Voltage
ratings are labeled reverse voltage or peak inverse
voltage (rv or piv) in specifications manuals.
These ratings refer to the voltage applied to the
diode in its nonconducting direction. Any voltage

CHANGING AC TO DC (RECTIFICATION)

Because televisions require de and the power
companies provide ac, some means must be uti
lized to change the household ac into de. The device
used for this purpose is the rectifier diode. A
diode will allow current to flow through it in one
direction but not the other. When placed in a cir
cuit as shown in Fig. 3-8, it can be seen that cur
rent flow can move in only one direction—ac has
been changed to de. The de output of DI in Fig.
3-8 is changing in amplitude. This is a pulsating
de which is as unusable as ac. In order to be useful
the direct current must be of a steady unvarying
amplitude. Later we will show how to make the
pulsating de useful.
Diodes must be connected in the correct di34
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Fig. 3-9. Diodes are available in several case styles.

applied in this direction above the rated value may
cause the diode to conduct and be destroyed.
SMOOTHING THE PULSATING DC

As mentioned previously, to be useful the pul
sating de coming from the rectifier diode must be
made to maintain a steady unvarying amplitude.
In other words the pulse or ripple must be re
moved. The process of removing the ripple (usu
ally called the ac ripple content) is called “filter
ing.” A capacitor is used to filter the ripple from
the de at the diode output. A filter capacitor is
shown in the circuit of Fig. 3-10.
120 V,

Fig. 3-11. Many types of capacitors are available.

tion of capacitor operation. In physics terms, this
explanation is incorrect. It does, however, allow
the beginner to have a concept of how the capaci
tor operates which then permits him to explain
capacitor performance in a circuit. For a more
complete and technically correct theoretical ex
planation of capacitor operation you may wish to
refer to an engineering or a physics text. Most
materials written on the technician level use the
same explanation given here. In reality it can be
used in almost all technical explanations but does
limit the viability of some of the more involved
circuit action explanations.
The capacitor can “store” a charge. By forcing
electrons onto one plate, electrons on the other
plate are repelled (like charges repel) off the other
plate and current flows into and out of the ca
pacitor though not through it because of the in
sulation. When the capacitor is charged, no more

■H

AC .

filter
CAPACITOR

,tL,

TO
RECEIVER
CIRCUITRY

Fig. 3-10. Diode rectifier with filter capacitor.

THE CAPACITOR

The capacitor is useful for things other than
filtering and is a very common component. It can
be purchased in many types according to the
insulation within it and the case style (see Fig.
3-11). Ratings are given according to capacitance
and voltage. The technician must know these
ratings to purchase a capacitor, and in some in
stances must also know the type of case or insula
tion in the capacitor.
Capacitors are constructed as shown in Fig.
3-12. Capacitors are basically two conducting
plates separated by an insulator (dielectric). The
insulator may be plastic, glass, mica, ceramic,
paper, chemicals, and exotic nonconducting metal
compounds.
The following is a “simplistic model” explana-

,INSULATION
(DIELECTRIC)

I
I
l
I
l
I
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I
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■CONDUCTING PLATE

I
I
i
I

CONDUCTING PLATE

Fig. 3-12. Capacitor construction.
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electrons can be forced onto the plate and likewise
none will be repelled from the second plate. How
ever, an imbalance in the number of electrons
now exists between the two plates—one has too
many and the other doesn’t have as many as it
should. A “charge” is now stored. The two ends of
the capacitor can be touched together and if the
charge is great enough an arc will be seen as the
electron level between the two plates equalizes.
The amount of charge the capacitor can hold de
pends on the size of the plates, the distance be
tween the plates, and the type of insulation used.
Larger plate areas will allow more electron stor
age room. Less distance between the plates will
allow the incoming electrons to exert more influ
ence on those of the other plate. And the better the
insulation, the less the loss of charge due to
leakage from one plate to the other.
The ability to store a charge is called the “ca
pacitance” of the capacitor and it is measured in
farads. The farad, however, is such a large amount
that capacitors are rated in either microfarads or
picofarads (see Fig. 3-13). This rating of capaci
tance is one which must be specified in order to
purchase a capacitor. The other is the voltage
rating of the device. At some voltage the insula
tion is likely to become ineffective by arcs occur
ring through it from one plate to the other. The
voltage rating of the capacitor must never be
exceeded.
Some capacitors are polarized (have + and —
terminals) while others can be placed into the
circuit in any manner. If a capacitor is polarized
it is referred to as an electrolytic and it must be
connected into the circuit according to the polarity
markings—capacitor + to circuit +, and capacitor
- to circuit —. If this rule is not adhered to, the
capacitor is likely to be destroyed and may ex
plode. Unmarked capacitors have no polarity and
can be placed in the circuit in any way as men
tioned above.
There are other ratings of capacitors such as
FARADS
EXAMPLE 1

1 FARAD -

EXAMPLE 2

.1 FARAD ■

MICROFARADS

temperature coefficients, maximum and minimum
operating temperatures, and tolerance. In some
circuits it is necessary to specify an exact replace
ment which means that specifications other than
capacitance and voltage must be used. Capacitors
are coded as shown in Fig. 3-14. If an exact re
placement is required their codes will be identical.
But in most instances the capacitance and voltage
(and sometimes, type, such as electrolytic, ceramic
disk, etc.) is all that is necessary to specify for
purchase.
When capacitors are connected in parallel, as
shown in Fig. 3-15, their values add together. Note
that connecting in parallel means that even if one
of the capacitors were to be taken from the circuit
the other would continue to operate. To prove
this for yourself, place your finger over C2 in
Fig. 3-15 and note that the circuit is still con
nected to Cl and that it would continue to operate
as if nothing had happened to C2.
In parallel, the effective plate area is increased
which increases the capacitance. When in parallel,
the total capacitance is the sum of the parallel
capacitor ratings. The voltage rating of the paral
lel combination of capacitors is the same as the
lozvest capacitor voltage rating.
If placed in series, capacitor values decrease.
That is, the total capacitance value of the circuit
is smaller than the smallest capacitor in the series
circuit. Observe the circuit in Fig. 3-16. Place
your finger over Cl. This obstructs the path for
electrical current flow and thus if Cl is removed,
C2 is no longer connected into the circuit—in fact
the circuit is considered to be open. A series cir
cuit is one where there is but one path for cur
rent flow and if that path is opened no electrical
current can flow.
Total capacitance of the series circuit is de
creased because the effective thickness of the in
sulation of the capacitor has increased as the
capacitors are connected in series (Fig. 3-16). In
this figure it can be seen that the effect of charge
must be occurring through two thicknesses of in
sulation, thus the total capacitance must be re
duced and is actually less than that of the smallest
capacitor. The formula for finding the total ca
pacitance of two series capacitors is

PICOFARADS

1,000.000pF • 1,000,000,000,000 ppF OR pF

EXAMPLE 3
EXAMPLE 4

lpf ’ ■1,000,000 FARAD

100,000pF •

100.000.000.000 pp FOR pF

20pF •

20,000,000 ppFOR pF

.OOlpF -

1000ppF OR pF

_ Cl x C2
” Cl + C2

where,
CT is total capacitance.
Voltage ratings of a series capacitive circuit are
not found by adding the voltage ratings together
except when the capacitive values of each capaci-

IpF - 1.000,000 uF

Fig. 3-13. Examples of conversion relationship between units
of capacitance measure.
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is less time for the capacitor to have to operate
the receiver, so smaller value capacitors can be
used. Note also that the half wave produces one
pulse every %o second and the full wave produces
two pulses each
second or one each M20 second.
This fact will be important in later discussions.
Fig. 3-20 shows a full-wave bridge rectifier. It
inverts one-half of the incoming ac wave in the
following manner: As incoming wire A is nega
tive, current can only flow through DI to the nega
tive output line, through the load (receiver cir
cuitry), and through D3 to wire B which is + at
this time. Why does current flow through D3
rather than D4? Because electrical current is
negative and seeks a positive charge while being
repelled by its like or negative charge. On the
next half cycle, input wire B is negative and A
is positive. Current flows through D2 through the
load back through D4 to the positive line. Note
that the incoming current was always routed so it
flowed out of the negative line. Thus, both halves
of the input ac cycle were used. This type of
full-wave rectifier needs only two input lines
and two output lines.

tor in the circuit are the same. If the values are
not the same, much more knowledge and math are
required to calculate the circuit voltage rating.
THE CAPACITOR AS A FILTER

How does the capacitor remove ripple from the
rectifier output? It is really very simple! Refer to
the simple ac to de power supply with filter in
Fig. 3-17. As a pulse of current comes through the
diode it operates the television circuitry and
charges the capacitor on this one-half of the ac
input cycle. During the next half cycle when the
diode does not conduct, the capacitor discharges
its stored current into the television causing it to
continue to operate. With the proper size capaci
tor, the output voltage varies very little in ampli
tude. The capacitor must be of great enough
capacitance value to easily store enough current
for receiver operation during the time when there
is no incoming current through the diode. With
this action, “filtering” is accomplished. The term
“filtering” means to remove the pulses caused by
rectification and to produce a pure, de output with
an unchanging amplitude.

TRANSFORMERS

THE CONVENTIONAL, UNREGULATED
POWER SUPPLY

Another type of full-wave rectifier circuit re
quires a center-tapped transformer. A trans
former is a device which allows transfer of energy
without direct wire connections. It also allows the
control of the amount of voltage input to output
ratio. Fig. 3-21 shows several types of trans
formers. Transformer schematic symbols are
shown in Fig. 3-22.
The amount of output voltage obtainable from a
transformer depends on the ratio of turns of the
output winding (secondary) to the input winding
(primary). For example, if the input winding has
100 turns of wire and the output has 100 turns of
wire, the output voltage will be the same as the
input voltage. However, if the output winding has
50 turns the output voltage will be one-half the
input voltage. If the output winding has 200 turns
of wire the output voltage will be twice the input
voltage.
Energy is transferred from the input winding
by magnetic field. Each time the magnetic field
about the primary builds out or collapses around
the secondary windings, voltage is “induced” in
the secondary. The more secondary turns, the
more output voltage; the fewer secondary turns
the less output voltage. A transformer is often
called a step-up transformer if its output voltage
is more than its input. It is called a step-down

The simple power supply has been examined and
shown to consist of a diode rectifier and a capaci
tor filter. These are essentials of the power supply.
As shown in Fig. 3-18 there are other “blocks”
within many power supplies. There are also vari
ous forms of the rectifier and filter circuits. Two
typical rectifier circuits are often found in mono
chrome television receivers—the half-wave and
the full-wave rectifier circuits. The following is an
explanation of full-wave rectifiers as well as the
operation of the other “blocks” of the supply
shown in Fig. 3-18.
RECTIFIER CIRCUITS

The half-wave rectifier has been discussed. It is
simply a diode which allows half of the incoming
ac wave through, thus the name half wave (Fig.
3-17). The full-wave rectifier uses the full in
coming ac wave. It in effect inverts one-half of the
wave and causes it to flow in the same direction
as the other thereby using both halves of the in
coming ac cycle. Naturally, this is more efficient.
The half-wave and full-wave rectifier outputs are
compared in Fig. 3-19. Note that one important
characteristic of the full-wave system is that there
37
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When a transformer winding is center tapped,
half the output voltage will appear between the
center tap and each end of the secondary winding.
The total output voltage will appear between the
two outside (end) leads. As shown in Fig. 3-23
if the top lead is positive the center tap will be
more negative than the top lead. It will at the
same time be more positive than the bottom lead
which will be negative at this time. It is this fact
which allows the transformer powered full-wave
rectifier to operate with only two diodes.
A center-tapped transformer-fed, full-wave rec
tifier circuit is illustrated in Fig. 3-23. The center
tap is grounded and it becomes the negative lead
of the power supply. When transformer line 1
becomes positive, line 3 is negative. Line 2 is more
negative than line 1 and more positive than line 3.
Because of the direction of placement of D2 the
negative line (3) will have no current coming
from it. Instead, current will flow from line 2
through the load back through DI to the positive
line, operating the receiver. On the next half cycle
line 3 is positive and line 1 is negative. Line 2 is
now more negative than line 3 and current flows

cT • 20 pF

MAXIMUM CIRCUIT VOLTAGE • 100 V

AC
L
SOURCE

ClJjOpF

C2

10pF
100 V

100 V

Fig. 3-15. Parallel capacitors.

CT -5pF

r

ac

io mF
ioo v

SOURCE (nJ)

io yF
ioo v

Fig. 3-16. Series connected capacitors.

120 V
AC

o-

I

TO TV
CIRCUITRY

Fig. 3-17. A simple power supply (half wave).

120 V
AC

I 1 AC CYCLE |
1 U60 SEC

FILTER CAPACITOR
MUST OPERATE SET
DURING DIODES
I NONCONDUCTING
I TIME

111 AC CYCLE
1/60 SEC

REGULATOR
(OPTIONAL)

FILTER

RECTIFIER

TRANSFORMER
(OPTIONAL!

TIME CAPACITOR
OPERATES SET
IS LESS THAN
I WITH HALF WAVE
| CIRCUIT

Fig. 3-18. Power supply
block diagram.

from it to operate the receiver, back through D2
and to the positive line. Each half cycle of in
coming power was caused to flow in the same
direction and each half cycle was used.
The transformer may be used with any type of
rectifier circuit. It is usually used to provide the

FULL WAVE

HALF WAVE

VOLTAGE
DIVIDER
(FOUND IN
MOST SETS)

Fig. 3-19. Comparison of half-wave and full-wave rectifier
output waveforms.
A
120V
AC

DI
D2

D4

D3

inir
#YWA output
LOADU I I I I WAVEFORM

B

Fig. 3-20. A full-wave bridge rectifier circuit (unfiltered),
transformer if the output voltage is less than the
input. Some transformers will have both step-up
and step-down windings on them and are used to
supply the various voltages required by the en
tire receiver—these are called “power trans
formers.”

j
j

&iimi
iiiwj

Fig. 3-21. Several types of transformers.
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IRON CORE
STEP-UP WITH
CENTER-TAP

Fig. 3-22. Transformer
schematic symbols.

POWER TRANSFORMER
IRON CORE
STEP-DOWN

I I

3£

TRANSFORMER WITH
ADJUSTABLE CORE

AUTO TRANSFORMER
WITH VARIABLE
OUTPUT

i

120 7=^

AC «=LZ

OHM’S LAW

Dl

♦+
2

The relationship between voltage, current, and
resistance is explained by Ohm’s law. Three sim
ple formulas make up Ohm’s law though they are
all derived from one primary formula. The Ohm’s
law formulas are:

LOAD
CIRCUITS

02

Fig. 3-23. Center-tapped transformer fed full-wave supply.

V

V

V = I X R or R = T or I =
1
K

proper operating voltage for the receiver. If a
transformer is used to power the set it is referred
to as a transformer operated set. If operated
straight from the power line the receiver is re
ferred to as “line” operated. Fig. 3-24 shows an
example of both.
To this point it has been explained how the ac
line power is converted to a usable de for use in
the television receiver. We have shown that the
incoming voltage can be stepped-up or -down or
taken directly from the ac outlet, rectified, and
filtered. Two other “controls” can be performed
on this voltage before it is used by the receiver cir
cuitry. This was shown in Fig. 3-18 in block dia
gram form. The voltage can be regulated so it
will remain constant regardless of the load put on
the supply or the change in incoming voltage lev
els. Voltage regulation will be further explained
later in the chapter. One other thing can happen
to the voltage before it is used by the set. The
main supply can be divided into several supplies
as shown in Fig. 3-25. The method used to do this
is called “voltage dividing” and is based on the
fact that different resistances will cause different
voltages to appear or be “dropped” across them.
This voltage is called a “drop” because it is found
across the resistor and is not available for use
anywhere else in the circuit. It is thus “dropped”
from further circuit use. In order to explain this
principle a very important theoretical law must
be discussed—Ohm’s law.

where,
V is voltage in volts,
R is resistance in ohms,
I is current (intensity) in amperes.
As can be seen, if any two of these elements are
known, the third can be found by one of the for
mulas. A thorough knowledge of Ohm’s law is the
most important knowledge a technician can have.
It allows him to analyze current paths and circuit
behavior. Because of the limited space available
here, we cannot treat Ohm’s law with the detail
with which it should be treated. Some simple ex
ercises in the SAM are given to help you gain more
knowledge and practice in thinking in Ohm’s law
terms. A good technician learns to think Ohm’s
law—it is almost like learning to think in a
foreign language. Many good books on basic elec
tronics and basic electricity contain in-depth treat
ments of Ohm’s law. It is strongly suggested that
you study this aspect of electronics thoroughly
and learn to use it well. Some examples are shown
in Fig. 3-26.
Series Circuits

Resistors are often connected in series (Fig. 327). When connected in series, there is only one
path for current flow and if the path is opened all
current flow ceases. There are three rules which
explain the behavior of V, I, and R in series cir
cuits :
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Fig. 3-24. Line operated and transformer operated power supplies.

1. Current is the same everywhere in the cir
cuit.
2. The values of the resistors are added to
gether to give the total circuit resistance.
3. The voltages across each resistor will be
proportional to the value of the resistors and
will add together to equal the source voltage.

Proof of rule one:
IT _ Vj
Rr
_ 15
” 15

=1A
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(A) Finding current.

— Ir2 X R R2
= 1x5
=5V
VT ~ VR1 + VR2
= 10 + 5
= 15 V
Because there is a single path for current flow,
whatever current is allowed to flow in the circuit
flows at all points. It is like a water hose—put
one gallon in and one gallon comes out!
Note that as rule 3 suggests, the voltage across
R1 is twice the voltage across R2—Because the
resistance of R1 is twice the resistance of R2
it takes twice the electrical pressure (voltage) to
push the same current through R1 than through
R2.
VR2

Xiov

LOAD BEING
OPERATED
10 Q

R - V/1
R ■ 10 V/1 Q
R - 10 Q

(B) Finding resistance.

10 Q

i - 1A

V- V ■ IXR
V ■ 1A X 10 Q
V ■ 10 V

(C) Finding voltage.

P • I XV
P ■ 1AX10V
P ■ 10 WATTS

(D) Power dissipated by R.

Fig. 3-26. Some examples of Ohm’s law.
1A

R1

Fig. 3-27. Example of
series circuit.

15V±Z

Parallel Circuits

10 Q

When connected in parallel (Fig. 3-28), there
is more than one path for current to flow. If any
circuit (path for current flow) opens, the others
continue to operate unaffected. There are three
rules which explain the behavior of V, I, and R
in parallel circuits:

I,A

4"

where,
IT is the total current,
VT is the total voltage,
Rt is the total resistance.
Proof of rule two:

Fig. 3*28. Example of
parallel circuit.

Rr = R1 + R2
= 10 + 5
= 15 n
Proof of rule three:

1
5VL

R1
20 Q

R2
20 Q

R3
10 Q

1. Current in each branch circuit is dependent
on the resistance of that circuit and the total
current is the sum of all branch currents.
2. The voltages across all the branch circuits
are the same voltage.
3. Total resistance is equal to less than the
smallest branch resistance.

VR1 — Iri x Rri
= 1 x 10
= 10 V
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In the example observe that each resistor i
in effect connected directly across the sourc
voltage; therefore, the same voltage is applied t«
each resistor/branch circuit. Observe, too, tha“
to find the current through each branch circuithe voltage across the resistor is divided by the
resistance of that resistor/branch circuit. The
current in each branch is dependent only upon the
resistance of that branch and the voltage across itIf current must come from the battery for each
individual circuit it then seems reasonable that the
battery must supply currents separately for each
circuit and the total current coming from the
source would then be equal to all the branch cur
rents added together. It also seems reasonable to
conclude that as more branch circuits are added,
more current must come from the source than
before—total resistance to current flow from the
source then is decreased with each additional
circuit.

Proof of rule one:
Iri

, VR1
“ Rr7

Ir2 —

vw
Rr2

4*
Ir3 =

Vr3
Rr3

5
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Combination Circuits

Proof of rule two:
VR1

Often series and parallel circuits are combined
into a combination circuit. When this is the case,
each section of the circuit must be treated ac
cording to whether it is a series or a parallel
circuit. The example in Fig. 3-29 should make this
clear.

= Iri X Rri

= 1 x 20
4
=5V

Vro = Ir2 X Rro

= i4 x 20
5VZ=Z

=5V
VR3 = IR3 X Rr3

R1
10 Q

R2
5Q

R3
50

Fig. 3-29. Resistors connected
in series and in parallel.

= 44 x 20
=5V

Whatever current flows in R3 must likewise
flow in R2—they are then in series. However, cur
rent can flow in R1 without any effect on the cir
cuit made up of R2 and R3. Resistor R1 is in paral
lel with the series circuit of R2 and R3.
Total resistance is found by first treating R2
and R3 as a series circuit and adding their re
sistance values together—5 + 5 = 10 ohms. The
circuit is now seen to be made up of two parallel 10
ohm resistances. By using the parallel resistance
formula shown previously the total resistance is
calculated to be 5 ohms. We can at this point
explain a shortcut for finding parallel resistance
totals. If the values of the parallel resistors are
the same, divide the value of one of the resistors
by the number of resistors in parallel. In this in
stance 10/2 = 5.
Current through the branches is calculated as
before. Resistors R2 and R3 are in series so the

Proof of rule three:

=_L + J_ + _L

Rt“™
R1
1
* 20
"
4

R2

20

R3

20

” 20

4Rt = 20
RT = 5 O

or
Rt = ^
It

5
=1
= 50
44
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same current flows through both. To find the cur
rent through R2 and R3, add R2 to R3 and divide
the total (20 fl) into the voltage across them
(5 V)—5/10 = 0.5 A. To find the current through
Rl, divide R1 into the voltage across it—5/10 =
0.5 A. To find the total current in the circuit, add
both current legs (0.5 4- 0.5 = 1 A).
Voltage across Rl is the source since Rl is
connected directly across the battery. The voltage
across R2 and R3 must be calculated. VR2 = IR2 x
Rr_. = % x 5 = 2% volts. VR3 = IR3 x RR3 = Vi x 5 =
2Vi volts. Note that VR2 and VR3 added together
equal their source voltage which is in this case
the 5-volt battery shown in Fig. 3-29.

per volt; the input impedance of an evm is typi
cally 10,000,000 ohms or greater.
In Fig. 3-30A note that a 20K ohm/volt meter
is placed across a 2 megohm resistor. This makes
the combined resistance of the pair 1 megohm
rather than the 2 megohm of the resistor alone.
What happens to the voltage drop across this por
tion of the circuit as the meter is placed in the
circuit? It halves along with the resistance of
course, resulting in an incorrect evaluation of the
circuit voltages.
In Fig. 3-30B a 10 megohm evm is placed
across the 2 megohm resistor for voltage measure
ment. According to Ohm’s law the parallel com
bination of resistors is approximately 1.7 megohm
or close to the original 2 megohm—the reading
is thus much closer to being correct than if the
vom were used.
Very few resistors, of a high enough value to
cause evm reading inaccuracies, are to be found
in common television circuitry. However, there
are many resistors which could cause measure
ment inaccuracies with a vom, especially on its
lower ranges. An evm must always be used in
sensitive circuits, such as oscillators and high fre
quency circuits, where a low impedance vom may
cause them to stop operating or change fre
quencies.
As shown in Fig. 3-30 voltages are always mea
sured by placing the voltmeter across (in parallel)
the component whose voltage drop is to be mea
sured. To measure current the meter must be
connected in series. This means that the circuit
must be opened and the meter inserted into the
open circuit. In order to measure water flow in a
hose a flow meter must be inserted into the hose
—Electrical current can usually be thought of as
behaving like water.
Resistance is checked by placing the ohmmeter
in parallel with the resistance to be checked—with
the circuit power off. Attempts to measure re
sistance with the power on can destroy the meter.
Measurement of in-circuit resistance is best ac
complished by removing one end of the resistor
from the circuit. If this is not done, resistance of
other components in the circuit may influence the
measurement. Exercises are given in the SAM
to allow you to prove all the above applications
and to give you practice in reading the meters.

METERS

Most technicians use a “combination” meter to
measure voltage, resistance, and current. Several
such meters are in use. The volt-ohm milliam
meter (vom) is portable and requires no external
power to operate but does have an internal battery
for measuring resistance. It is probably the most
popular of all the meters presently in use. Other
meters often require ac line voltage to operate
and so are not as portable as the vom. This type
of meter may include the vacuum tube voltmeter
(vtvm), the field-effect transistor vom (FETvom), and the digital voltmeter or digital vom
(dvm or dvom). All these may be lumped together
as electronic voltmeters (evm). All but the vtvm,
because of its high voltage requirements, are also
commonly found operated by battery as well as
the ac line, making them as portable as the vom.
The dvm is fast becoming the most popular meter
to be used by the service technician.
A major difference exists between the vom and
the evm which makes the evm more desirable. Be
cause of the low input impedance (total opposition
to ac current) of the vom it often “loads” the
circuit being tested causing incorrect voltages to
be read. Though impedance is actually the total
opposition a circuit exhibits to ac, for our pur
poses here it can be considered to be “resistance.”
The vom input impedance is typically 20,000 ohms

2MQ

VOM
100 V RANGE
(20KQ/V)
2MQ TOTAL
METER RES I STANCE
CIRCUIT RT - 1MQ

2MQ

Zk EVM
VJ10 MQ
TOTAL INPUT
RESISTANCE

VOLTAGE DIVIDER POWER SOURCES

CIRCUIT Rt • 1.7MQ

Fig. 3-31 illustrates a conventional power sup
ply with a voltage divider used to create more

Fig. 3-30. Comparison of vom and evm loading effects.
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Fig. 3-31. A line operated power supply with a voltage divider output circuit.
390 mA
156 V

SC500
lj

'

than one voltage supply from a single source. The
power supply in Fig. 3-31 uses a half-wave recti
fier, SC500, and filter capacitors C504A, C504b,
C504c, and C504d. Resistors R504, R506, and R507
are voltage divider resistors which allow the basic
150 volt source to be divided into 140 volt, 124 volt,
and 93.3 volt supplies. Another supply of 16.21
volts is also derived from the same source but in
a slightly different manner because of the zener
diode SC401. This type supply will be discussed
later with other regulated voltage circuits.
Fig. 3-32 shows a redrawn circuit of Fig. 3-31,
simplified for easier understanding. As the cur
rent used for various circuits in the receiver flows
through the divider resistors, voltage drops are
created which are directly proportional to the
amount of resistance the current must flow
through. For instance, by Ohm’s law we can show
that 1.95 volts is dropped across R500—V = I x
R = 0.390 A x 5 ohms = 1.95 V. This leaves ap
proximately 154 volts at point 14 to be divided by
the voltage divider resistances. One load is con
nected directly across this 154 volt source and the
current flowing into this load causes a 4 volt drop
across R502, leaving 150 volts for use by load 1
circuit.
Load 2 requires 140 volts, so R504 must drop 14
volts—from 154 volts at point 14 to 140 volts at
the load circuit input. Load 3 requires 124 volts.
Resistor R506 must then drop 16 volts from the
140 volt source at the bottom of R504. It can be
seen that R506 and R504 must drop a combined
30 volts. Now, load 4 requires only 93.3 volts
so resistor R507 must further drop the voltage
from 124 volts at the bottom of R506 to the 93.3
volts needed—R507 must drop 30.7 volts.
This is a relatively simple method of supplying
several voltages from a single source although

R500
5Q

!(-

R502
-VW

POINT 14
41 Q

R504

270 Q

R506

IK

150 V

LOAD 1

140 V

LOAD 2

124 V

LOAD 3

93.3 V-

LOAD 41

R5O7

Fig. 3-32. Simplified power supply voltage divider.

it does have its disadvantages. For example, if
either of the series resistors opens, say R506, the
circuits receiving current past that point will be
without operating currents. Also, because the cur
rents through the resistors are cumulative when
one circuit opens and draws no current, the other
voltage sources will rise in value. If R507 opens,
the approximately 0.031 amp in its circuit will
V
30 7 V
no longer flow—I = Ty =
— = 0.0307 amp.
6
R 1000 ohms
This 0.031 amp also flows through R504, R506,
and R500 causing some voltage drop across each.
Now without this portion of the current flowing
through these resistors the portion of the voltage
drop created by that current will be missing and
the voltages left for use by the circuits will be
higher than normal.
The circuit does have advantages though. It is
simple, usually reliable, easy to troubleshoot, and
inexpensive to manufacture.
OTHER POWER SUPPLY SOURCES
(SECONDARY B+ SUPPLIES)

In Fig. 3-33 the source of supply for the 41.4
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Fig. 3-33. A complete monochrome television power supply.

volt, 22.4 volt, and 21.7 volt supplies is a part of
T402, the horizontal output transformer. In some
monochrome receivers all the signal circuits are
supplied power from such sources called secon
dary B+ supplies. This means that if the hori
zontal circuits cease functioning, there will be no
signal circuit operating voltages and the receiver
will be “dead.” These supplies may be taken from
the horizontal output, horizontal driver, or hori
zontal output transformer circuits. Voltages may
be produced either during scan or retrace times.
Such supplies are normally called either retrace
or scan derived supplies. Note that except for
their source (horizontal output transformer)
these supplies appear identical to other low voltage
power supplies. There is one important difference,
however, which must be remembered when re
placing components in these circuits. Circuit fre
quency is 15,734 Hz instead of 60 Hz which means
that special high frequency rectifiers must be used.
Most receivers using sweep derived power sup
plies use conventional primary supplies as ex
plained earlier to power the horizontal oscillator
and horizontal output circuits. This supply may
be line or transformer operated and either regu
lated or unregulated. The power supply is serviced
in the same manner as any conventional primary
supply.

transformer) in conventional television receivers
wastes large amounts of available energy. Tre
mendous energy is available from the flyback be
cause of the frequency at which it is pulsed. Yet
in the past it has been used only for developing the
high voltage, focus voltage, boost voltage, and
high voltage rectifier filament voltage. Engineers
are now taking advantage of this available power
by using it to totally power the set—including the
picture tube filament.
The advantages of sweep rectification make it
quite attractive to the manufacturer. It eliminates
the large, heavy (and costly) power transformer
and its associated heat. The special flyback trans
former used for sweep rectification is smaller,
operates cooler, and the output can be regulated
and filtered easier than that from a 60-Hz power
transformer.
The term sweep rectification is used for either
pulse or scan rectification though some technicians
refer to any power supply taken from the flyback
as being scan rectified. The difference is as illus
trated in Fig. 3-34. The pulses shown are produced

PULSE OR
FLYBACK
BASELINE OV
-20 V

SCAN
51yS

SWEEP RECTIFIED POWER SUPPLIES
Fig. 3-34. Flyback pulses used to supply voltages by scan
or pulse rectification.

The flyback transformer (horizontal output
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at retrace time and the negative going base line
between pulses is produced during scanning time.
If the rectifier is placed in the circuit so as to
allow conduction of the positive pulses we have
pulse rectification. If the rectifier is allowed to
conduct on the negative portion of the wave we
have scan rectification. There are some very im
portant differences. The pulse voltage is usually
many times greater than the scan voltage. Thus,
it is extremely important to replace any diodes
taken from the circuit, exactly as they were re
moved. For example, assume the positive pulse in
Fig. 3-34 to be 120 volts and the negative scan
voltage to be —20 volts. The —20 volts is the volt
age needed (scan rectification) but if the diode
were reversed, 4-120 volts (pulse rectification)
would be applied to the circuit in opposite polarity
at six times the needed amplitude. It should be
added that this is somewhat of a theoretical dis
cussion since it is most likely that if such a diode
is reversed the flyback circuit will not operate. It is
also important to use exact replacements for the
rectifiers as mentioned earlier. Pulse time is ap
proximately 12 microseconds and scan time is
approximately 51 microseconds. By comparison,
the half-wave pulse duration of a 60-Hz power
line source is approximately 8800 microseconds.
The replacement rectifier must be capable of high
speed switching.

at the same value, one may “hold” longer and a—
a higher current than the other. That differenc—
in time and current may be enough to destroy
some sensitive circuits. For ALL repair part=
use exact replacement parts from the manufac
turer if possible. If this is not possible buy ®
brand name exact equivalent replacement.
POWER SUPPLY REGULATION

Many monochrome television receivers employ
voltage regulator circuits as part of the receiver
power supply. A constant voltage supply is neces
sary for stable sync and picture quality clue to
the sensitivity of transistors and ICs to changing
voltage and over-voltage. Also, because during
heavy power demand times, power companies may
reduce the voltage distributed to electrical cus
tomers, the receiver must continue to operate off
the reduced voltage. There are two types of regu
lators currently being used in monochrome tele
vision receivers: the zener and the series transis
tor regulators. They may be used on either a
conventional or sweep rectified B+ supply.
Zener Regulators

The simplest of all regulators is the zener diode.
The zener is designed to maintain a fixed voltage
across itself when the “zener” or reverse-voltage
breakdown point is exceeded. Fig. 3-35 shows a
simple zener regulated supply. The voltage source
is a 36 volt unregulated de. The zener and the
load draw enough current from the supply that
the voltage drop across Ri is the difference be
tween the source voltage and that needed, regu
lated voltage at RL. If the source voltage increases,
zener current increases enough to produce an
added voltage drop across Rl that will continue
to keep 28 volts across the zener and, therefore,
Rl. Note that the zener is placed in the circuit so
as to normally be nonconducting.

OTHER POWER SUPPLY COMPONENTS

Transformers, rectification, and filter compo
nents have been discussed. There are other com
ponents in the power supply which are also im
portant for proper operation of the television
receiver. In Fig. 3-33 C502 is used to filter out
any noise created by the diode as it switches on
and off. Capacitor C500 is used to filter out inter
ference pulses on the incoming ac line and those
produced inside the tv which might get into the
power line and interfere with other sets. And,
F500 protects the receiver from damage from
over-voltage on the ac line or from damage caused
by short circuits within the receiver.
Note that many components in the circuit just
described are marked as being safety related
(shaded portions of the schematic) and should
be replaced only by exact or equivalent replace
ment parts. For fuses and circuit breakers this
does not mean simply replacing a 1 amp fuse with
a 1 amp fuse. It means the identical-type fuse.
The reason for this is that US and foreign fuse
standards are not always identical. Though rated

+36 V
Rl
+ 28V

Fig. 3-35. A simple zener regulator.

RL

Series Transistor Regulators

Before the transistor regulator circuit can be
fully understood, it is necessary to have some
knowledge of how the transistor itself works. Be
cause of space available it will be necessary to
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limit our discussion on transistor operation, but
the SAM will provide more detailed explanations
with exercises to allow you to prove for yourself
the theoretical concepts presented here.
Fig. 3-36A shows the schematic symbols of the
most common types of transistor—the bipolar
npn and pnp. Fig. 3-36B shows a symbolic repre
sentation of how the transistor is constructed.
The npn transistor is shown as consisting of two
wafers of n-type material with a p-type material
sandwiched between them. A pnp transistor is
just the opposite. An n-type material is silicon
or germanium “doped” with another element (an
impurity) having more electrons than can fit into
the crystal lattice structure of the silicon or ger
manium. A free electron is made available for
current flow with each impure atom added to the
crystal. A p-type material is silicon or germanium

N
P—

N

(A) Schematic symbols.

made to cross over the junction and fall into holes
in the p-type material. A voltage of approximately
0.2 volt and 0.6 volt is necessary to cause the elec
trons to cross the junction in germanium and sili
con junctions, respectively. Once the electron has
crossed the junction, positive battery potential
attracts it into the battery leaving the space that
the electron previously filled empty and ready for
another electron. This manner of connection of
supply voltage to the n- and p-type material is
called forward bias and the junction conducts.
When the supply voltage is reversed, with posi
tive supply connected to n-type material and vice
versa, no conduction occurs. Instead, the positive
supply attracts electrons from the junction and
the negative supply attracts the holes away from
the junction. Since they cannot combine, no cur
rent crosses the junction and no current flows.
This manner of connection of supply and materi
als is called reverse bias.
You may have noticed that we have just de
scribed the operation of a diode rectifier. If so,
you are correct. This is precisely how the rectifier
works. It is merely a pn junction of silicon or ger
manium. Most diodes used in power supplies are
silicon. Silicon can withstand greater heat, handle
higher voltages and currents, and “leaks” less.
Leakage of diodes refers to the amount of current
flow which occurs when it is reverse biased (Fig.
3-37B). This current should be so small as to be
negligible—in the microamp range.
Transistors, having two junctions rather than
one, operate much differently than diodes. The
base and emitter junction (Fig. 3-38) is usually
forward biased. When forward biased, current
from the emitter moves into the base region and

COLLECTOR

BASE
EMITTER

(B) Npn transistor construction
detail (symbolic).

Fig. 3-36. Transistor symbols.

doped with an element having one less electron
than will fit into the crystal lattice structure of
the silicon or germanium. A “hole” for electron
reception is then made available for each impurity
atom used.
P N

+ HOLE

—EUDH-i CURRENT

- ELECTRON

4k

2

FLOW
N

Fig. 3-38. A small base-emitter
current controls a large emit
ter-collector current.

(A) Forward biased pn junction.

Aj.p-

NO
CURRENT
FLOW

p

N

I
I

C

8
E

there because of the strong collector voltage and
the extremely thin base region the current car
riers are pulled on through to the collector. Note
that the collector is reverse biased. At least 98 %
of the current entering into the base region from
the emitter continues into the collector. A very
small base current is used to cause the conduction
from base to emitter but once inside the base
material the collector voltage causes it to con-

(B) Reverse biased pn junction.
Fig. 3-37. Junction conduction of n- and p-type material.

Junctions between n- and p-type material will
conduct when current is applied in one direction
but not when applied in the other direction (Fig.
3-37). When a negative supply is applied to the
n-type material the free electrons in that material
are repelled to the junction where they can be
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tinue to the collector. A small control current in
the base thus controls a large collector current—
this is called amplification.
The base is seen to be the control element of the
transistor. By causing the transistor to conduct
more, or less, current by changing the base bias,
the transistor reacts somewhat like a variable re
sistor. The voltage drop across a resistor, remem
ber, is directly proportional to the resistance.
This concept is important to the following dis
cussion of series transistor voltage regulators.
Series transistor voltage regulation is the type
most often encountered in television receivers.
Fig. 3-39 shows such a regulator and illustrates
why it is called a series regulator. The series or
“pass” transistor is used as a variable resistance
in series with the load. The base of the pass tran
sistor is held at a constant voltage supplied by
another regulator circuit—a zener diode. The tran
sistor is made variable by the fact that the baseto-emitter junction of a silicon transistor always
attempts to maintain 0.6 volt across itself. In
crease the voltage across the junction and it con
ducts heavy enough (its resistance changes) to
Ql

J

Shunt Transistor Regulators

Shunt or parallel transistor B+ voltage regu
lators are also often found in the solid-state mono
chrome receiver. Such a circuit is shown in Fig.
3-40. The shunt regulator works by allowing a
transistor, connected from the B+ line to ground,
to conduct heavier when the output B+ increases.
As the transistor, such as Ql in Fig. 3-40, con
ducts heavier more voltage is dropped across R1
and R2 and leaving less voltage output. As B+
output decreases the transistor decreases conduc
tion and less voltage is dropped across the series
resistors leaving more voltage output. Thus, the
shunt regulator is used to regulate B+ supplies.
The output voltage of Ql in Fig. 3-40 is set by
zener CR1. Its current path is from ground
through the emitter-to-base junction of Ql,
through CR2 and CR1 to the B+ line. Only when
the voltage on B+ source No. 8 is greater than 13
volts will CR1 conduct. When it conducts its cur
rent flows through the emitter-to-base junction of
Ql causing it to conduct, lowering the B+ line
voltage as just discussed. As the line voltage drops
below 13 volts CR1 stops conducting, Ql stops
conducting, and the B+ output rises again. The
B+ output is held to a voltage equal to the sum
of the voltage drops across CR1, CR2, and the
emitter-to-base junction of Ql.
Power supply voltage regulators found in black
and white televisions may be simple as shown in
Fig. 3-40 or somewhat more complex as that shown
in Fig. 3-41. In Fig. 3-40, the regulator transistor
is biased to the required voltage by zener diode
CR1 as just discussed. The circuit of Fig. 3-41,
however, is much more complex. In this receiver,

0.3 Q
0*14.4 V

*24 VO

UNREGULATED
INPUT

If the load current decreases (resistance i«
creases) the voltage drop across the load
creases. The positive voltage at the emitter is ircreased as the voltage across the load is increases
The transistor is, therefore, biased off and iE
conduction decreases (resistance increases) an
the voltage drop across it increases leaving les
voltage for the load.
The emitter voltage attempts to follow the bas
voltage and since the base voltage is fixed, th
emitter voltage also tries to stay fixed. For thi
reason this circuit configuration is often referrec
to as an emitter follower. In Fig. 3-39 the bas«
voltage is 15 volts. The supply output will attemp"
to keep an output equal to the base voltage minus
the 0.6 volt drop across the emitter-to-base junc
tion. The output of this circuit will be regulated
at approximately 14.4 volts.

15 V

MOQQ REGULATED
OUTPUT
O

Fig. 3-39. A series transistor regulator.

bring the voltage back down to 0.6 volt. Decrease
the base-to-emitter voltage below 0.6 volt and the
transistor stops all conduction. If the base-toemitter voltage can be varied from 0.6 volt up
ward the transistor conduction rate will change.
That is, its resistance to current flow through it
will change. Since the base voltage in the example
of Fig. 3-39 is held constant, it is the emitter
voltage which must change in order to cause the
transistor to change its rate of conduction. And
change it does! With the emitter supplying the
output current to the load, if the load resistance
decreases (load current increases) the voltage
drop across it is less. The voltage at the emitter
is, therefore, more negative than before. With the
emitter more negative the base-to-emitter voltage
is greater and the heavier forward bias causes
the transistor to conduct more (its resistance de
creases). With the pass transistor's resistance
decreased, the voltage drop across it is decreased
and the load has more voltage available to it.
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Other IC regulators are available. These are
multipin units and must be treated as any other
IC. These regulators are usually used as control
devices for a pass transistor and not only provide
voltage control but current overload protection
as well.

source output voltage is “sensed” across a voltage
divider network and bias to the pass transistor,
Q602, is provided by RV601 for voltage adjust
ment. The adjustable bias and the sensed supply
output level is applied to Q603, amplified and ap
plied to Q601, the regulator driver, then finally
used to cause the pass transistor Q602 to change
conduction as previously explained in reference
to QI in Fig. 3-39.
Thus, as the voltage output of the supply
changes, the base bias of Q603 changes causing
Q601 to control the conduction of Q602 and the
output voltage to be brought back to normal as
set by RV601.
Another voltage regulator system which we
may find used in tv systems in the near future is
the “three-terminal” voltage regulator. Although
an IC, it has the appearance of a transistor. It
has the same case style as many power transistors
and only three leads, hence the name three-termi
nal voltage regulator. Fig. 3-42 shows both the
schematic diagram and case style of a typical
three-terminal device. Fig. 3-43 shows a circuit
using a three-terminal regulator.

BATTERY POWERED TELEVISION

Few television receivers are battery-only pow
ered. Several receivers, however, will be found to
be ac or battery powered. In most cases the supply
systems of these sets are quite simple as shown
in Fig. 3-44. This set has an external ac power
pack which includes a step-down transformer,
and rectifiers. It is plugged into the receiver via
plug S05. When this power pack is plugged into
jack PL5 the receiver’s internal batteries are
disconnected and the rectified ac is applied through
Fl, SW51, and across filter capacitor C706. As
the ac power pack is removed from PL5 the bat
teries are again connected by the switching action
of PL5 and the set becomes battery powered. The
batteries used here are not rechargeable as are
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120 V

AC-4J

i

which move slowly from the bottom of the
screen to the top (see Fig. 3-48). Often when
the bars reach the top of the screen vertical
instability will be observed.

]IN
OUT
REGULATOR

[ GND

After the symptom has been diagnosed and a
conclusion reached as to which circuit is defective,
logical troubleshooting procedures are used to find
the defective component. The first step in trouble
shooting any problem or any circuit is to visually
inspect the chassis for obvious defects, such as
burned or cracked components, smoking compo
nents, excessively hot components, loose wires,
shorts between wires or components, loose plugs
or modules, etc.
After the preliminary diagnosis and inspection
are made, the technician must begin troubleshoot
ing the supply with bench test equipment, as
shown in Charts 3-1 and 3-2.

Fig. 3-43. Power supply with three-terminal regulator.

those shown in Fig. 3-45. The power supply shown
in Fig. 3-45 can be ac powered, battery pack pow
ered, or by an external 12 volt source including
the automobile power source, such as taken from
the cigarette lighter receptacle. The primary dif
ference between these two supplies is that the
batteries of the set in Fig. 3-45 are rechargeable.
Note that as the receiver is operating on ac power
the batteries remain connected across the B+ to
ground lines of the supply from point 99 to
ground through D76, R710, and SW2. Diode D76
protects the set against incorrect battery inser
tion and R710 limits the charge current which is
applied to the cells.

SERVICING PROCEDURELOW B+ AND HUM

TROUBLESHOOTING THE UNREGULATED
CONVENTIONAL POWER SUPPLY

The power supply is not always open or shorted.
The most difficult to repair power supply troubles
are those which cause lower than normal output
voltages, hum in the sound, hum bars in the pic
ture, or other more subtle symptoms. The oscillo
scope is usually most effective in locating these
defects.
Hum problems are not always due to a failure
in the power supply. Heater to cathode leakage in
tubes may cause video or audio hum problems.
Scoping the output of the power supply and testing
tubes will determine where the hum originates.
The cause of power supply hum is usually an
open or leaky filter capacitor or a shorted choke.
The bars which appear to float upward on the
screen are caused by unfiltered ac voltages getting
into the video handling circuits. In the picture
tube, the video modulated with ac causes the cath
odes to increase and decrease emission at the ac
pulse rate. The same type of problem occurs in
the audio circuits and the speaker is caused to
pulse at the ac pulse rate. The origin of the ac
may be determined by observing the number of
bars on the screen or listening closely to the fre
quency of the audio hum. One hum bar or a 60-Hz
tone is caused by a 60-Hz source, such as a half
wave rectifier source or tube leakage. Two hum
bars or a 120-Hz tone indicates a defect in a full
wave rectified source.
A scope check at the filter capacitors will show
the amount of ac ripple present (Chart 3-3). This

The conventional primary power supply (Fig.
3-46) is the easiest of all power supplies to trou
bleshoot. The technician should keep in mind that
the low voltage power supply (B+ supply) is the
source of operating voltages for every section of
the receiver and that defects in parts of the sup
ply will result in a dead set while others may re
sult in one or more sections of the set being dead.
The more usual problems in the conventional
power supply are shorted diodes or filter capaci
tors, open diodes (rare), open filter capacitors,
dropping resistors, fuses, switches, leaky filter ca
pacitors, and occasionally an open or shorted
transformer.
The following symptoms generally indicate a
trouble in the low voltage power supply:

1. A completely dead set, that is, a set with no
raster, sound, channel indication light, or
lighted tube filaments.
2. A set which hums.
3. A set with a small picture or raster (see Fig.
3-47).
4. A set which blows fuses or circuit breakers
immediately after the set is switched on.
5. A set with horizontal weaving of raster or
vertical expansion and compression of the
raster (often called “breathing”).
6. A set with one or two bars (black or white)
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now charge as shown in Fig. 4-16C. At this time,
without anything to sustain the capacitor charge
it will attempt to discharge through L again—this
time in the opposite direction. It does, and L is
charged again only to discharge a fraction of a
second later causing C to be charged again in its
original polarity. This back and forth ‘‘oscillatory”
current movement will continue until energy in
the circuit is used through the production of heat
as it goes through the circuit resistances.
The term resonance implies that the circuit has
a resonant or “natural” frequency at which this
oscillation occurs. A good example of natural fre
quency is demonstrated when a fine crystal glass
is broken when a certain frequency is produced
in the same room. This particular frequency
causes the glass to oscillate, just as a tuning fork
held beside another of the same frequency will
cause the second to vibrate—and the glass vi
brates itself apart. In an electrical circuit the size
of the capacitors and inductors determines the
resonant frequency by how long it takes them to
charge and discharge.
In the powered oscillator circuit, such as the
one in Fig. 4-13, energy must be put into the
circuit to replace that which is lost, as heat is
created in the circuit resistance. Each time QI
conducts, energy is put into LI, replacing lost
energy and keeping the tank circuit energized
and operating—oscillation is sustained. If no re
placement energy is fed back into the tank it will
cease to oscillate after a few cycles.
Not all oscillators use a tank circuit to keep os
cillation going. Instead they may use resistor
capacitor combinations as seen in Fig. 4-17. The

ci

4F

C2

C3

4F

-IF

Rl

R2

R3

Fig. 4-17. A phase shift oscillator circuit uses resistors and
capacitors for "timing.”

basic operation is the same. Feedback from the
output to input is necessary and it must be fed
back in such a way as to reinforce the input signal
causing the transistor to saturate, then cut itself
off and so on. The feedback circuit is primarily
Cl, C2, and C3 though Rl, R2, and R3 also affect
the feedback time constant. Therefore, the timing
components of this circuit are Cl, C2, C3, Rl, R2,
and R3. If either of these components changes
value, the oscillator will change frequency.
As mentioned in Chapter 2, a specific frequency
of pulse (15,734 Hz) is required to cause the pic
ture tube electron beam to scan horizontally across
the face of the tube for synchronized picture cre
ation. This pulse is produced by the horizontal
oscillator circuit and kept in phase with the broad
cast station sync signal by the ape circuit.
Several types of oscillator circuits have been
used in monochrome receiver horizontal systems.
The most widely used type is the Hartley circuit
shown in Fig. 4-8A. It is usually readily recog-
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Fig. 3-46. A conventional power supply.

Fig. 3-47. Small raster, symptom of low B+ voltage.

Chart 3-1. Servicing Procedure for Dead Set—Conventional Supply
1------------------CHECK FUSE OR
CIRCUIT BREAKER
WITH OHMMETER

BAD

2
REPLACE

DO NOT TRUST VISUAL
TEST!

GOOD

3

10
CHECK FOR OPEN
SERIES VOLTAGE
DROPPING
RESISTORS BETWEEN
SUPPLY AND LOADS

BAD

GOOD

GOOD 12

4

MEASURE DC
VOLTAGE AT
FILTER CAPACITOR

CHECK AC
VOLTAGE
AT INPUT TO
RECTIFIERS

NONE

NONE

GOOD

LOOK FOR
OPEN CIRCUIT
BOARD/WIRE
CONNECTIONS

9

5
'

CHECK RECTIFIER
FOR OPENSWITH OHMMETER

11

REPLACE

BAD

TEST VOLTAGE AT CHASSIS
END OF POWER CORO. SWITCH
AND OTHER COMPONENTS
BETWEEN THE AC OUTLET
AND RECTIFIERS. TEST
COMPONENTS FOR OPENS
WITH OHMMETER

6
TEST FILTER
CAPACITOR. WITH
OHMMETER. FOR
SHORTS

8
NONE

REPLACE
RECTIFIER

SHORTED
7
REPLACE CAPACITOR
AND RECTIFIERS

-

■

(Refer to Fig. 3-44 for a typical supply as discussed here.)
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Chart 3-2. Shorted Set (Fuses Blow)—
Conventional Supply

i

2
CHECK RECTIFIERS
WITH OHMMETER

SHORTED

REPLACE
RECTIFIERS

GOOD
3
CHECK FILTER
CAPACITORS FOR
SHORTS WITH
OHMMETER

Fig. 3-48. Picture with hum bars caused by excessive
ac ripple.

4
SHORTED

REPLACE
FILTERS

GOOD

should be compared with the ripple values given
as normal on the schematic diagram. Excessive
ripple may be caused by defective capacitors
(sometimes a defective diode) or choke, or a de
fect in the load circuit which draws more current
than normal. The old technician’s trick of bridging
a known good capacitor across the suspected ca
pacitor is effective in finding an open filter. Bridg
ing caps in solid-state sets should only be done
with the power off since arcing at the filters can
cause diode, transistor, and IC failure. Leaking
capacitors are better found by disconnecting the
suspected capacitor and replacing it with a good
one. Capacitors used for substitution should be
approximately the same value as the one being re
placed. The voltage rating must be the same or

5
CHECK OTHER COMPONENTS
CONNECTED FROM HOF
LINE TO GROUND WITH
OHMMETER FOR SHORTSAS C500 IN FIG 3 46

7
REMOVE ONE LOAD CIRCUIT AT A TIME FROM THE SUPPLY
SUCH AS AT POINTS 1 5 IN FIG 3 46 USE A CLIP IN CIRCUIT
BREAKER INSTEAD OF Fl ANO TURN THE SET ON AS EACH
LOAD IS REMOVED. REMOVE POWER CIRCUITS. SUCH AS
HORIZONTAL AND VERTICAL OUTPUTS. FIRST WHEN THE
DEFECTIVE CIRCUIT IS REMOVED THE BREAKER WILL NOT
BREAK TROUBLESHOOT THE CIRCUIT AS EXPLAINED
IN THE VARIOUS CHAPTERS OF THIS TEXT

(Refer to Fig. 3-46 for a typical supply.)

21------------------------------------TEST TUBES. IF ANY
IN TUNER IF AND VIDEO
CIRCUITS FOR HEATER
CATHODE SHORTS

i
GOOD

DON T FORGET
PICTURE TUBE

TOO MUCH
RIPPLE

5

YES

BRIDGE GOOD CAPACITOR OF SAME VALUE
ACROSS SUSPECTED BAD CAPACITOR WITH
SET OFF TO DO THIS WITH SET ON CAN CAUSE
SOLID STATE DEVICES TO FAIL BECAUSE OF
HIGH ENERGY ARCS

NO

4

3

GO TO
STEP 5

REPLACE
TUBE

DOES SYMPTOM IMPROVE?

NO

YES

6

7
REPLACE
FILTER
CAPACITOR

REPLACE

GOOD

Chart 3-3. Low B+ and Hum—Conventional Supply
SCOPE FILTER
CAPACITORS FOR
RIPPLE VOLTAGECOMPARE AMOUNT TO
SCHEMATIC

SHORTED 6

DISCONNECT LOADS ONE AT A TIME AND
MEASURE THE CURRENT FROM THE SUPPLY
INTO THE LOAD ANO COMPARE IT WITH THAT
GIVEN ON THE SCHEMATIC. IF ONE IS TOO
HIGH THE DEFECTIVE SECTION HAS BEEN FOUND

8

IF NO CURRENT MEASUREMENTS ARE GIVEN ON
THE SCHEMATIC DISCONNECT THE LOADS WHILE
MONITORING THE FILTER CAPACITOR RIPPLE
WITH THE SCOPE. WHEN THE RIPPLE DROPS
TO NORMAL THE DEFECTIVE CIRCUIT HAS
BEEN REMOVED

(Refer to Fig. 3-44 as an illustration.)
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TROUBLESHOOT
THE CIRCUIT AS
DISCUSSED IN OTHER
CHAPTERS OF THIS
TEXT
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Chart 3-4. Dead Set—Sweep Supply

Chart 3-5. Dead Circuit—Sweep Supply

i

i

CHECK 8+ TO
HORIZONTAL OUTPUT
AND OSCILLATOR

B+ NORMAL

3

B + MISSING

4

CHECK INPUT PULSE
TO HORIZONTAL OUTPUT
TRANSISTOR

2
CHECK B+ SUPPLY
RECTIFIERS. FILTERS.
FUSES. REGULATOR
CIRCUITS. ETC
REPLACE IF DEFECTIVE

TROUBLESHOOT
OSCILLATOR
CHAPTER 4

PULSE
MISSING

VIA SCHEMATIC
FIND POWER
SUPPLY
ORIGIN

2
CHECK RECTIFIER
FILTER FUSES.
REGULATOR
CIRCUIT

PULSE
NORMAL

DEFECTIVE

3
REPLACE

GOOD

5
CHECK HORIZONTAL
OUTPUT TRANSISTOR
AND DAMPER DIODE

6

BAD

4

REPLACE

5
CHECK FLYBACK SOURCE
WINDING VIA OHMMETER

DEFECTIVE

REPLACE
FLYBACK

GOOD
GOOD

7
CHECK SECONDARY
SUPPLY RECTIFIERS
AND FILTERS

6

8

BAD

REPLACE

CHECK FOR LOAD
CIRCUIT PROBLEM OR
OPEN B+ LEAD
DOUBLE CHECK LOAD
CIRCUIT BY POWERING
FROM BENCH POWER
SUPPLY

GOOD

9
REMOVE SECONDARY
LOADS ONE AT A TIME
UNTIL HIGH VOLTAGE
RETURNS

10

HV DOES
NOT
RETURN

HV
RETURNS
15

CHECK HV
RECTIFIER FOR
SHORT (BY
REPLACEMENT)

BAD

11
REPLACE

(Dead circuit—audio, if, tuner, etc.—caused by loss of B-J-)

particular supply output. For example, if the
124-volt supply in Fig. 3-46 is low, either the
circuit (s) drawing current from that source is
defective or C504c is defective. If R506 changes
value both the 124-volt and 93.3-volt supplies will
change output levels.

GOOD

12
CHECK FLYBACK

TROUBLESHOOT THE
DEFECTIVE LOAD
CIRCUIT AS EXPLAINED
IN VARIOUS CHAPTERS
OF THIS TEXT

BAD

13
REPLACE

GOOD
14
CHECK FOR
POSSIBLE
SHORTED PICTURE
TUBE

TROUBLESHOOTING THE SWEEP
RECTIFIED POWER SUPPLY

higher. If a multisection capacitor has a defective
section the entire capacitor should be replaced.
With several capacitors being in one container,
whatever environment exists around the defective
capacitor also exists around the others. Therefore,
the remaining good capacitors are subject to the
same cause of defect as the bad capacitor.
If these tests do not locate the problem, open
the suspected circuit and monitor the de current
coming from the supply output. Compare this cur
rent reading with the one given on the schematic.
If it is too high and the output voltage is too low
the problem is not likely to be in the power supply.
Low B+ voltage may cause a small or folded
raster, dim or distorted picture, low or distorted
sound, and unstable sync. Low B+ may be caused
by defective rectifiers, filters, or increased re
sistance of power supply resistors. If all B+ volt
ages are low, suspect the power supply. If only
one of the supply voltages is low suspect either
the load or the components directly related to that

The sweep rectified supply can be the most
difficult to troubleshoot of all power supplies. Be
cause of the interrelated nature of power supply
and horizontal output circuits it sometimes be
comes very difficult to determine which circuit is
at fault. For example, a dead set may be caused
by a dead horizontal output, a dead B+ primary
supply, a defective secondary supply, or a de
fective load circuit. If a load (the rectifier) or
filter of the secondary supply shorts, the result is
often a dead receiver. This occurs because the
load placed on the flyback by the shorted circuit
causes the horizontal output to refuse to operate.
We will discuss the horizontal output circuit in
enough detail later that this concept can be more
clearly understood.
Charts 3-4, 3-5, and 3-6 present normal trouble
shooting steps to be followed for servicing most
defects caused by sweep rectified power supply
faults.
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Chart 3-6. Malfunctioning Section—Sweep Supply
'I------------------VIA SCHEMATIC CHECK
ORIGIN OF DEFECTIVE
SUPPLY

2
EXCESSIVE
RIPPLE
(15.734 Hz)

TEST SUPPLY OUT
PUT BY METER &
OSCILLOSCOPE

3
CHECK CAPACITOR
VIA REPLACEMENT

ALSO CHECK RECTIFIER

LOW VOLTAGE
OUTPUT
7

DEFECT 4
REMEDIED

REPLACE
CAPACITOR

NO CHANGE IN
SYMPTOM

CHECK RESISTORS
FOR PROPER VALUE

DEFECTIVE
8
PARTS

CHECK CAPACITORS
FOR LEAKAGE

5
CHECK FOR EXCESSIVE
LOAD CIRCUIT CURRENT
BY MODULE REPLACE
MENT IF POSSIBLE

REPLACE

CHECK FOR PROPER OUTPUT
PULSE FROM FLYBACK
TO RECTIFIER INPUT

DEFECT
REMEDIED

IMPROPER
FLYBACK
PULSE

6
REPLACE MODULE

9

DISCONNECT LOAD
CHECK FLYBACK
PULSE IF
CORRECT GO TO
STEP 5 IF
INCORRECT TEST
FLYBACK WINDING

10
DEFECTIVE
FLYBACK

REPLACE

(Example: Defective audio caused by low power-supply voltage, excessive ripple, etc. Onesupply faults.)

(base) voltage is correct but the output voltage
(collector of Q603, emitter of Q601, and emitter of
Q602) is not, first test the transistor then the bias
and other external components, such as R602,
C606, and C607. The transistors are usually best
tested by replacement since a slight leakage in the
device can cause some rather severe problems,
such as low voltage, ripple, etc.
With a three-terminal regulator it is necessary
only to check the input voltage and if it is cor
rect, to change the device. If it is not correct test
the source and the connections. These units are
purchased by their voltage output and cannot be
made variable. As fixed output devices there is no
variable input.

TROUBLESHOOTING VOLTAGE
REGULATOR CIRCUITS

Essentially, troubleshooting a voltage regulator
circuit consists of measuring the input and output
voltages, determining if it is regulating, and the
cause of the incorrect output. A regulator with the
correct unregulated input but an incorrect output
is obviously not operating as it should. The prob
lem may be the regulator device itself such as
QI in Fig. 3-40, or its controlling zener diode. Or
in the case of a circuit as that shown in Fig. 3-41
either of the transistors or the voltage divider net
work may be defective. In this example it would
be necessary to check voltages at the input to
each transistor, then the outputs. If the input
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Horizontal Deflection
side while being deflected downward slowly so
the entire image is “scanned” by the electron
beam, line by line as shown in Fig. 4-3. At the end
of each horizontal line, a pulse created in the
camera sweep circuitry causes the scanning elec
tron beam to be shut off and to rapidly “retrace”

Shown in Fig. 4-1 is a composite video signal
(see Chapter 2). Note that at the end of each
line of broadcast video (picture) signal there is
a sync pulse. The purpose of this pulse is to keep
the receiver horizontal sweep system in precise
synchronization with the station as shown in
Fig. 4-2.
At the broadcast station a camera is caused to
view a scene and the image of that scene is focused
onto a special “image” plate in the camera tube.
An electron beam is swept across the image plate
in the same manner as across the receiver picture
tube face. That is, it is swept rapidly from side to
HOR IZONTAL SYNC
PULSE

==i
ONE LINE
OF VIDEO

PICTURE BLANKING
TIME (HOR IZONTAL
RETRACE)

Fig. 4-2. A perfectly synchronized picture.

Fig. 4-1. Composite video signal.
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(1) cut off by the high level of the blanking ped
estal (Fig. 4-1), (2) caused to retrace to the
left side of the screen, and then (3) swept to the
right of the screen producing picture information.
These functions are produced by the horizontal
circuits and synchronized with the broadcast
studio via the horizontal sync pulse and blanking
pedestal.
As the electron beam is retracing from right to
left it is blanked and cannot be seen on the screen.
This period of time is called retrace or flyback
time. It occurs in approximately 12.5 millionths of
a second (12.5 microseconds). The actual sweep
time necessary to produce a line of picture infor
mation is about four times as long or 51 micro
seconds. To scan the entire picture tube screen,
262Vj scan lines are required. These 262’^ scan lines
produce only half an entire picture, because during
this time only the even or the odd numbered scan
lines are produced. During the next scan of the
picture tube screen the remaining lines are filled in
and a total picture results. A complete picture is
produced in this manner each 16oth second and a
“half” picture of even or odd lines, called a
“field,” is produced in %oth of a second. Techni
cians call this process of picture production “in
terlaced scanning” because the two fields are in
terlaced to provide a sharper picture with no
flicker at a slow scan rate. A completed picture
created in this way is called a “frame.” This pro
cess is shown in Fig. 4-5.
Several circuits are required to produce the
horizontal sweep of the electron beam and syn
chronize it to the station broadcast signal. These
circuits include the automatic phase control (ape),
the horizontal oscillator, amplifiers, and the hori
zontal output circuit. Each of these circuits will
be explained in the following pages along with
common symptoms created when they are defec
tive and troubleshooting methods used by the
bench technician in repairing them.

Fig. 4*3. A picture produced by scan lines.

(A) Loss of horizontal sync.

(B) Severely out of horizontal sync.
Fig. 4-4. Examples of out-of-sync pictures.

to the left side of the image plate to begin another
scan line. This same pulse is broadcast along with
the image or video information and its purpose
is to cause the scanning electron beam in the pic
ture tube to scan at the same rate as the beam in
the broadcast camera. The result is a synchronized
picture or one being reconstructed precisely as it
is being developed. Without this synchronization
the picture might be seen half on one side of the
screen and half on the other as shown in Fig.
4-4A. Or, the picture might “flip” to the side as
shown in Fig. 4-4B.
In the receiver, when the electron beam is swept
to the right side of the picture tube, the beam is

AUTOMATIC PHASE CONTROL
(APC) CIRCUITS

Horizontal sync pulses are stripped from the
composite video signal by the sync separator cir
cuit and fed into a circuit called the ape circuit.
Simultaneously, a sample of the horizontal output
signal is applied to the ape as shown in Fig. 4-6.
These two signals are compared against each other
and a correction voltage is produced.
There are two circuit control methods used in
the modern monochrome television receiver: (1)
the use of a pulse to trigger a circuit into action
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CORRECTION
VOLTAGE

COMPAR ISON
PULSE

DUAL TRACE
SCOPE

Fig. 4-7. Ape circuit with applied input signals out of phase.

2ND FIELD
ENDS

Fig. 4-7 are not precisely in phase, that is, not
occurring exactly at the same time. This correc
tion voltage is then used to control the output
of the horizontal oscillator circuit (illustrated in
Figs. 4-6 and 4-7). In this way if the horizontal
oscillator drifts from the proper frequency and
phase, the incoming sync pulse causes the ape to
produce a correction voltage causing the oscillator
to shift to meet the same timing as the sync pulse
—the picture is then held perfectly in synchro
nization. When the two signals, the incoming sync
pulse and the comparison pulse, are occurring
perfectly in phase with each other no correction
voltage is produced by the ape.
There are three basic ape circuits utilizing dual
diodes, transistors, and ICs. The type most often
found in monochrome televisions of today, how
ever, is the dual diode system as shown in Fig.
4-8. The diodes may have any arrangement. They
may be common cathode meaning that the cath
odes are connected together as in Fig. 4-8A. They
may be common anode meaning that the anodes
are connected together as in Fig. 4-8B. Or, the
diodes may have any other arrangement as in
Fig. 4-9. Automatic phase control systems are
also often referred to as balanced or unbalanced.
It is considered to be a balanced circuit when the
comparison pulse is applied to the dual diode
center tap and unbalanced when fed to one end of
the diode circuit. These are shown in Figs. 4-10
and 4-8, respectively. When a balanced system is
used the incoming sync pulse is split into positive
and negative pulses with the positive fed to one

1ST FIELD
ENDS

(A) Active downward scanning.
END OF
RETRACE FROM:
FIELD 2

FIELD 1

2ND
FIELD BEGINS
RETRACE

1ST FIELD BEGINS
RETRACE

(B) Inactive upward scanning (vertical retrace).
Fig. 4-5. Interlace scanning.

and, (2) the use of the pulse to create a “cor
rection” or “control” voltage. The horizontal ape
is of the latter type. A control or correction volt
age is produced when the two pulses as shown in

Fig. 4-6. Functional block dia
gram of a horizontal sweep
system.
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Fig. 4-8. Common apo circuits.

end of the diode unit and the negative applied to
the other. The comparison pulse is applied to the
diode common connection and the correction volt
age is taken from the center tapped resistors
which act as a load for the diode circuit. When
the unbalanced circuit is used only one sync signal
is connected to the diode circuit, which will also

have connections for the comparison pulse and the
output correction voltage. Figs. 4-8A and 4-8B il
lustrate the unbalanced circuit. Note the single
sync pulse input and the comparison pulse applied
to one end of the unbalanced diode ape circuit. In
Fig. 4-10 the balanced circuit shows out-of-phase
sync pulse inputs applied to each end of the ape
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quency or phase is established no more correction
voltage is produced and the oscillator ceases to
change frequency and remains locked to the in
coming sync signal.
If the ape circuit is included inside an IC hori
zontal system as shown in Fig. 4-11 it may or may
not be identified on the IC. Of course as such it
will not be possible to troubleshoot anyway. For
any IC circuit the troubleshooting method is:
(1) check the input and output signals; (2) if
input is available without an output, check the
supply voltage; (3) if supply voltage is good
either the IC or an attached external component
is defective—check the “external” components;
and (4) replace the external component if found

unit and one comparison input to the common
diode element. Observe, too, that often the correc
tion voltage will be amplified as shown in Fig.
4-8A before applied to the oscillator.
Basically, what occurs in the ape circuitry is
that when the comparison pulse and the sync
pulse are of the same frequency and phase, equal
voltages are produced across their load resistors.
However, if the two signals are not perfectly in
phase one of the diodes will conduct more than the
other and a greater voltage will be created across
one of the load resistors than across the other.
Thus, a net difference in voltage is produced re
sulting in a correction voltage to cause the oscil
lator to pull back on frequency. Once correct fre-
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to be defective, or replace the IC if no external
component is faulty. The fault is usually in the IC.
Of equal importance to the ape, and in fact
usually considered to be a part of it, is the anti
hunt network. The antihunt network consists of
a resistor-capacitor circuit located between the
ape and the horizontal oscillator. Its purpose is
to provide a fast changing initial correction volt
age to the oscillator followed by a slower changing
correction voltage of the same polarity. This
brings the oscillator rapidly onto the correct fre
quency without over-correction. If this circuit
were not provided, oscillation would occur and
the ape would provide a pulsating correction volt
age. This would then cause the oscillator to shift
back and forth about the correct frequency or in
essence “hunt” for the correct frequency or phase.
The continued “hunting” of the proper phase
causes horizontal scan to be misplaced and “gear
teeth” or “pie crust” effects to be seen about the
vertical edges of the picture elements. The anti
hunt network consists of R413, C407, and C408
in Fig. 4-10.

to charge to 63.2% of full charge. If we wish to
know how long it will take to reach full charge
(98-99%), our answer in seconds must be multi
plied by five. Example: t = 1 /xf x 1 Mfl = 1 sec
ond x 5 = 5 seconds—the capacitor will charge to
maximum in 5 seconds.
Coils, or inductors as they are sometimes called,
were not explained in any detail in Chapter 3. But,
they, too, store a charge. Their charge is held in
the magnetic field which is produced about the coil
when current is applied to it and maintained. Re
member that any wire with current flowing in it
has a magnetic field about it. And, the time rela
tionship to the full magnetic field charge is identi
cal to that of the capacitor.
These time relationships of coils and capacitors,
naturally, make them useful in any circuit re
quiring regular timing. In any oscillator it is the
charge and discharge times of capacitors and
coils that produce the regular pulse frequency of
the circuit. This is why the statement was made
earlier that the oscillator frequency can be deter
mined by the values of circuit capacitance and
inductance.
Technically speaking, the oscillator is an ampli
fier with feedback. Unless designed not to oscil
late, an amplifier will oscillate when some of its
output is “fed back” to its input in the correct
phase as to reinforce the input signal. This type
of feedback is regenerative and causes the ampli
fier to oscillate much in the same fashion as hold
ing a public address system microphone in front
of its speaker. Most everyone has at one time or
another heard the ear piercing squeal this pro
duces.
A simple oscillator circuit is illustrated in Fig.
4-13. The feedback path couples the amplifier
output (emitter-collector current) to its input
(the base) and consists of Cl, C2, and LI. The

THE HORIZONTAL OSCILLATOR

An oscillator is an electronic circuit which pro
duces an output voltage pulse while being powered
by a steady, pure de supply. That is, it creates a
regularly recurring pulse whose frequency can
be determined by the values of the circuit capaci
tance and inductance. The television receiver has
several oscillator circuits—the horizontal oscil
lator is just one of these.
Capacitors were explained in Chapter 3, and it
was found that they store a charge. What we did
not tell you at that time was that it takes a
certain amount of time to “charge up” a capacitor
depending on its size. Naturally, the larger the
capacitor the longer it takes it to charge. Also, if
a resistor is placed in series with the capacitor,
as seen in Fig. 4-12, the charge time will be
lengthened. If you wish to determine how long it

ci

4F-

r

C2-T

Fig. 4-12. Capacitor charge
time is increased as resistance
is added to the circuit.
Fig. 4-13. A simple Hartley oscillator circuit.

will take a capacitor to charge in a given circuit,
the formula t = R x C is used. Where t is time in
seconds, R is resistance in megohms, and C is ca
pacitance in microfarads. The answer, in seconds,
tells us exactly how long it will take the capacitor

components making up the “tank,” or resonant
circuit (C2 and LI), determine the frequency of
oscillation. Larger size components have longer
time constants, thus if a component increases in
value the oscillator will pulse slower. Likewise, if
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Fig. 4-15. Symptom produced by a horizontal oscillator,
running too fast.

lower section of LI to the emitter, to the collector,
and to B+. This current flowing through LI in
duces a voltage at the top of LI which makes the
base of npn transistor QI positive, driving the
transistor into saturation. At saturation there is
no longer a changing current flow through the
bottom of LI. And, with no changing current level,
there will be no induction into the top of LI which,
therefore, falls to zero. The lower positive base
voltage causes QI to decrease conduction. The
falling current in the bottom of LI causes an op
posite polarity voltage to be induced in the top
of LI cutting QI off. The cycle of occurrences then
repeats itself causing a regular recurring on-off
cycle—oscillation.
The parallel circuit of LI and C2 is called a
tank, or resonant, circuit. Briefly, a resonant cir
cuit is one in which currents oscillate or move first
one way and then the other. In the circuit of Fig.
4-16 note that if energy is first applied to the
circuit as a charge on the capacitor, the capacitor
will discharge through L causing a magnetic field
to be built out about L. As the capacitor is dis
charged, the field about L will have no current
flow to sustain it so it, too, must collapse. When it
collapses it induces a current which will flow in
the same direction as it was being caused to flow
by the discharging capacitor. The capacitor will

Fig. 4-14. Symptom produced by a horizontal oscillator
running too slow.

a component decreases in value the oscillator fre
quency will increase. The technician looks for
those components which are most likely to cause
the set to exhibit its symptom. For example, if it
is determined that the horizontal oscillator is
running too slowly the technician would look for
those components which normally increase in
value. Inductors and capacitors cannot be made
to increase in value since this would basically
mean the addition of more turns of wire, different
core, different insulation, or more plate area. So
increased value resistors are suspected for slow
oscillator symptoms. Conversely, for fast oscil
lator symptoms, shorted or leaky capacitors or
shorted inductors are suspected and so should be
checked first.
Slower than normal horizontal oscillator opera
tion produces the symptom as seen in Fig. 4-14.
Faster than normal horizontal oscillator operation
produces the symptom as seen in Fig. 4-15.
Operation of the circuit in Fig. 4-13 is simply
a controlled on-off action created by the circuit
itself. As power is applied to the circuit QI turns
on and current flows from ground through the
ci
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NOTE: PROCESS IS REPEATED UNTIL THE ENERGY IS DISSIPATED AS HEAT.

(A) Capacitor
charged.

(B) Capacitor dis
charging into coil—
magnetic field
builds up.

(C) Magnetic field col
lapses producing volt
age which causes cur
rent flow to continue
and capacitor to be
charged.

(D) Capacitor dis
charges into coil—
magnetic field
builds up.

Fig. 4-16. Resonant circuit current flow.
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now charge as shown in Fig. 4-16C. At this time,
without anything to sustain the capacitor charge
it will attempt to discharge through L again—this
time in the opposite direction. It does, and L is
charged again only to discharge a fraction of a
second later causing C to be charged again in its
original polarity. This back and forth “oscillatory”
current movement will continue until energy in
the circuit is used through the production of heat
as it goes through the circuit resistances.
The term resonance implies that the circuit has
a resonant or “natural” frequency at which this
oscillation occurs. A good example of natural fre
quency is demonstrated when a fine crystal glass
is broken when a certain frequency is produced
in the same room. This particular frequency
causes the glass to oscillate, just as a tuning fork
held beside another of the same frequency will
cause the second to vibrate—and the glass vi
brates itself apart. In an electrical circuit the size
of the capacitors and inductors determines the
resonant frequency by how long it takes them to
charge and discharge.
In the powered oscillator circuit, such as the
one in Fig. 4-13, energy must be put into the
circuit to replace that which is lost, as heat is
created in the circuit resistance. Each time QI
conducts, energy is put into LI, replacing lost
energy and keeping the tank circuit energized
and operating—oscillation is sustained. If no re
placement energy is fed back into the tank it will
cease to oscillate after a few cycles.
Not all oscillators use a tank circuit to keep os
cillation going. Instead they may use resistor
capacitor combinations as seen in Fig. 4-17. The
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Fig. 4-17. A phase shift oscillator circuit uses resistors and
capacitors for “timing.”

basic operation is the same. Feedback from the
output to input is necessary and it must be fed
back in such a way as to reinforce the input signal
causing the transistor to saturate, then cut itself
off and so on. The feedback circuit is primarily
Cl, C2, and C3 though Rl, R2, and R3 also affect
the feedback time constant. Therefore, the timing
components of this circuit are Cl, C2, C3, Rl, R2,
and R3. If either of these components changes
value, the oscillator will change frequency.
As mentioned in Chapter 2, a specific frequency
of pulse (15,734 Hz) is required to cause the pic
ture tube electron beam to scan horizontally across
the face of the tube for synchronized picture cre
ation. This pulse is produced by the horizontal
oscillator circuit and kept in phase with the broad
cast station sync signal by the ape circuit.
Several types of oscillator circuits have been
used in monochrome receiver horizontal systems.
The most widely used type is the Hartley circuit
shown in Fig. 4-8A. It is usually readily recog9V
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nizable by the tapped coil. A second widely used
oscillator is the blocking oscillator as shown in
Fig. 4-9. Watch for the transformer used to couple
signal from the transistor output to its input; this
identifies it as a blocking oscillator circuit. Yet
another often used oscillator is the Colpitts shown
in Fig. 4-18. Its distinguishing feature is the hori
zontal hold coil paralleled with two capacitors
(C257 and C259) and the feedback path being
attached to a common terminal between the ca
pacitors.
Some few monochrome receivers are using an
integrated circuit sweep system which incorpo
rates much of the vertical and horizontal circuitry.
Such a system is illustrated in Fig. 4-11. Note
that there are no identifications of what type cir
cuitry is inside the IC. Here the technician must
be totally dependent on the knowledge of inputs
and outputs in order to troubleshoot the horizontal
circuitry.
Color receivers have used a horizontal system
called the “countdown” circuit for a number of
years though it is only recently begun to show up
in monochrome sets. The basic operation of the
countdown circuit is the same as those it replaces.
It has a master oscillator (used for both hori
zontal and vertical), and counting circuits to
“count” or divide the higher master oscillator fre
quency down to the required 15,734 Hz horizontal
frequency. A comparison pulse is still required for
the ape and an input from the sync separator is

also required for correct synchronization with the
station.
The master oscillator is usually inside the IC
and operates at 31,468 Hz or twice the normal
horizontal frequency. The IC divides the 31,468
Hz down to 15,734 Hz while the ape keeps the
master oscillator in phase with the incoming
broadcast signal. The countdown output is a
square wave for application to the driver or buffer
amplifier before application to the horizontal out
put circuit.
Really, since the system is inside an IC it is not
necessary that the technician know all the theo
retical details of how it works. The technician
does, however, need to know its inputs and outputs
in order to make an effective diagnosis. And, as
just explained, the inputs and outputs are the
same as for those circuits it replaces—that is, a
comparison pulse input, a sync separator input
and a pulse output used to drive the horizontal
buffer/driver and then the output.
HORIZONTAL OUTPUT CIRCUITS

To this point it has been explained that an in
coming sync pulse is used by the ape to keep the
horizontal oscillator in “step” with the broadcast
station signal. The output of this oscillator is now
applied to the horizontal output circuitry or, in
some cases, to a driver or buffer amplifier placed
between the oscillator and the output. In either
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case the oscillator signal is used to control the
horizontal output and thus the electron beam scan.
The horizontal output is also used in many sets to
provide from one to several low voltage supplies
for the purpose of operating the remainder of the
set. In all cases it is used to produce the high
voltage necessary for the picture tube to cause
electron acceleration to the screen.
The horizontal output circuit is a tuned (reso
nant) circuit, primarily tuned to resonate at 10
kHz. However, in order to cause rapid retrace be
tween scan times, the circuit is changed to reso
nate at 40 kHz by the addition of other compo
nents into the resonant circuit. This circuit makes
use of oscillatory current within the yoke coil and
capacitors to cause horizontal sweep and beam
retrace.
In the explanation which follows, you will find
the damper, horizontal output, yoke capacitors,
and timing capacitors to be very important to this
timing sequence of the horizontal sweep. Learn to
locate these components quickly on the schematic
for they are essential for proper system operation.
Note that the damper diode is connected across
the horizontal output transistor from emitter to
collector, the timing capacitor(s) is in parallel
with the damper and horizontal output transistor
and the yoke capacitor is in series with the yoke
current path. This should make these components
easy to locate.
The following explanation of horizontal sweep
is related to Fig. 4-19, a typical horizontal output
circuit. The yoke capacitor, CX515, is kept charged

to near the 128 volt B+ value because it is in
series with the B+ from pin 3 of the flyback, to
pin 1 of the flyback, through the yoke, CX515, and
back to B—, or ground.
The circuit just described is constructed so the
amount of discharge during sweep is a small
amount of the total charge of the capacitor, mak
ing the discharge linear as shown in Fig. 4-20. Re
member that the first portion of discharge is
linear and later portions of the discharge are
quite the opposite. During sweep, the circuit is
resonant at 10 kHz. We will see shortly how it is

o

LINEAR DISCHARGE
PORTION OF
CAPACITOR CURVE

§

Fig. 4-20. Capacitor discharge
curve.

TIME

also made to resonate at 40 kHz by damper and
horizontal output switching action and the use
of “timing” capacitors.
Any deflection system, regardless of type, must
produce a linear increase of magnetic energy in
the horizontal yoke windings to move the electron
beam from its resting point in the center of the
screen to the extreme right at a constant rate
in approximately 25.5 microseconds. This corre
sponds to the time from points O to A in Fig. 4-21.
Then the magnetic field must collapse to zero in
approximately 6.25 microseconds to return the

A
C

A

Fig. 4-21. Yoke current wave
form and timing sequence.
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beam to the center of the screen (points A to B in
Fig. 4-21). It must now rapidly build up to a
maximum in the opposite direction during the
next 6.25 microseconds in order to deflect the
beam to the extreme left (points B to C). Finally,
this field must diminish to zero during the next
25.5 microseconds to allow the beam to return to
the center of the picture tube (points C to D).
This process will produce one scan line and one
retrace sequence. Retrace requires 12.5 micro
seconds. Scan takes place in 51 microseconds. Re
trace is the period in which no picture information
is presented to the picture tube; in fact the picture
tube is blanked out during this time. In essence it
is a swift retracing of the beam from one side
of the screen to the other between scan lines. Scan
is the term applied to the time and effect of the
electron beam moving from one side of the screen
to the other as it changes in intensity to create
differing amounts of picture information.
The method used to accomplish these current
changes in the required times for trace and re
trace is the use of the time for one-half of a cycle
at the proper resonant frequencies. As mentioned,
these frequencies are approximately 10 kHz for
trace and 40 kHz for retrace. One-half cycle at
10 kHz is 51 microseconds and one-half cycle at
40 kHz is 12.5 microseconds. Since the current
increases to maximum and decreases again to zero
in each half cycle the deflection circuit require
ments are met.
Let us assume that the tv receiver has just been
turned on. The beam is at rest in the center of the
picture tube. The yoke capacitor is charged as
current is first applied to the set. It is charged
directly from the B+ supply through the flyback
as explained earlier. At this time a pulse from the
horizontal oscillator reaches the base of Q504
(Fig. 4-19), the output transistor. It saturates and
becomes a short circuit across the B+ supply
which cannot supply energy to CX515 as long as it
is shorted. Turning on Q504, then, effectively iso
lates the yoke resonant circuit from outside en
ergy, allowing the energy stored in yoke capacitor
CX515 to be discharged into the yoke. The circuit
is now much like the resonant circuits discussed
in our explanation of oscillators—almost like a
tank circuit. This circuit now consists of CX515,
the horizontal yoke windings and the flyback and
is resonant at 10 kHz. Fig. 4-22 illustrates this
circuit in simplified form. Circuit current flow is
linear due to the linear discharge of CX515. The
linear increase in current causes a magnetic field
to build up around the yoke. This magnetic field
increases in a linear manner as does the current

<> FLYBACK

YOKE

£

Q504
CRX5O5

3±CX515

CX5I6T
517

*128 V

Fig. 4-22. Simplified horizontal output circuit of Fig. 4-19.

through the yoke. The magnetic field is of the
proper polarity to cause electron beam deflection
to the right side of the picture tube. After 25.5
microseconds, as the beam reaches the extreme
right side of the screen, Q504 is cut off by the
sharp drop of the input pulse (it loses forward
bias). Transfer of energy from the charged ca
pacitor to the magnetic field of the yoke now
ceases. It is time for retrace.
With no current in the yoke coils to sustain the
magnetic field it begins to collapse. According
to Lenz’s law this collapsing field induces a voltage
which opposes the decrease of current that is
flowing in the yoke. The induced voltage is positive
at point A in Fig. 4-19. The damper diode is thus
reverse biased, the horizontal output transistor
is cut off, and capacitors CX516 and CX517 be
come the only path to ground for the induced oscil
latory currents. During times when either the
transistor or damper are conducting, these ca
pacitors, being in parallel with Q504 and CRX505,
are effectively shorted out. But, now that they are
in series with and are a part of the circuit, the
total capacitance of the circuit is decreased and
the resonant frequency jumps to 40 kHz.
Being resonant at this higher frequency the
magnetic field quickly drops to a minimum. With
such a rapid change in magnetic field strength the
voltage induced into the yoke is very high and the
yoke becomes essentially the voltage source of the
circuit. The pulse created is called the flyback
pulse and is generally in the neighborhood of 400
to 800 volts. Also, with this rapid collapse of the
magnetic field in the yoke, the electron beam is
deflected back to its resting place in the center of
the picture tube. And, since the pulse created at
this time is so much greater than the B+ supply
voltage which charges CX515, it causes CX515
to become charged to the same polarity as it was
before the collapse of the yoke field. Remember
this induced voltage will always oppose its cause
(in this instance the cutting off of the yoke cur
rent) and thus the seemingly incorrect charge
polarity. Being resonant at 40 kHz, this one71
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fourth cycle of 40 kHz energy (from maximum to
zero field charge) lasts for 6.25 microseconds. At
the end of this time there is no more induced
voltage across the yoke and CX515 is fully
charged.
Because the circuit is resonant, the charge in
the capacitance is quickly transferred to the yoke
again as a magnetic field during the following
6.25 microseconds. Since electrons must now flow
from the capacitor to the yoke instead of the re
verse as before, the magnetic field also has the op
posite polarity. As current flows from CX515 into
the yoke, the electron beam is deflected to the ex
treme left side of the picture tube.
Now the magnetic field begins to collapse again.
A voltage is induced by the collapsing field which
attempts to keep the current flowing. The polarity
of this voltage is such that point A is now nega
tive and diode CRX505, the damper, is forward
biased. With the damper conducting, capacitors
CX516 and CX517 and the B+ supply are again
shorted out of the circuit. The capacitance of the
circuit is now greater and the resonant frequency
of the yoke circuit is 10 kHz. One-fourth cycle at
this frequency (magnetic field drops from maxi
mum to minimum) is equal to 25.5 microseconds
and one-half the screen is scanned for picture
production. At this point the cycle begins again.
The horizontal output transistor begins to con
duct and the yoke capacitor, CX515, begins to
discharge through the yoke to complete the scan
from the screen center to the right side. Since the
transistor is conducting, the capacitors are still
shorted out and the resonant frequency is still
10 kHz. Completion of the scan will then take
another 25.5 microseconds, or a total of 51 micro
seconds for a complete scan line to be produced.
Special attention should be called to the fact
that damper diode conduction causes scan of the
left side of the screen and horizontal output con
duction causes scan of the right side of the screen.
As a summary, note that the B+ supply is con
nected across the series combination of the yoke
capacitor and yoke. The B+ energy is used to
replenish losses in the circuit. This is accomplished
during retrace when neither Q504 or CRX505 are
shorting out the supply. The damper acts as a
switch to cause transfer of energy from the yoke
to the capacitor during one-half of the scan time
(from left side to center). The horizontal output
transistor acts as a switch during the second half
of scan to cause transfer of energy from the ca
pacitor to the yoke. Both are nonconducting dur
ing retrace time. The circuit component values
increase the resonant frequency of the circuit to

40 kHz and one-half cycle of oscillation occurs over
the 12.5 microseconds of retrace. The yoke ends
up charged with magnetic energy in the direction
to deflect the electron beam to the far left at the
end of retrace time. The collapse of the magnetic
field again induces voltage to forward bias the
damper to start the next trace period.
It should also be mentioned that all sets do not
have damper diodes. An example of such a circuit
is shown in Fig. 4-23. In a case such as this, the
collector-base junction of the horizontal output
transistor serves as the damper. Note that in the
conventional horizontal output circuit, the tran
sistor and diode conduct in opposite directions.
That is, during scan time when the oscillatory
currents have one polarity, the transistor will
be made to conduct, and when the opposite polarity
is present, the damper conducts.
In Fig. 4-23 the output transistor is an npn type
and as an amplifier will only conduct when the
collector is positive with respect to the emitter.
If the collector is made negative at a time
when the base has no pulse and is essentially
grounded, the base-collector junction is forward
biased and conduction occurs. Thus, damper ac
tion is achieved.
OTHER HORIZONTAL CIRCUITS

Most solid-state receivers use a “buffer” or
“driver” amplifier between the oscillator and hori
zontal output circuits. The purpose of such a cir
cuit is to provide amplification to the relatively
small oscillator output signal. It also buffers the
output transistor from the oscillator so that taking
current from the oscillator to drive the output does
not cause the oscillator to shift frequency. These
circuits are simple amplifiers and should present
no problem to the technician. Fig. 4-24 shows a
typical driver circuit. Note that it is a common
emitter amplifier consisting of only five compo
nents including the transistor.
One important factor concerning the driver/
buffer circuit is its coupling to the output tran
sistor. This is always via a transformer such as
L402 in Fig. 4-24. The purpose of using a trans
former is to provide a system whereby if the drive
signal is lost to the output, the output transistor
is not destroyed. By using the transformer for
coupling there is no direct connection between
prior circuits and the output transistor. So, if any
circuit previous to the output ceases to function,
the output transistor is merely cut off. This occurs
there is no forward bias to the transistor—and it
because it is biased off by returning the base to
72

Horizontal Deflection

$

0

o

n
!

^>4—
£

:

a

o

■uiv

■UliJ

fgll

>«?

in s815 s
—IM

O ■^4?.= /
n® ?

r*h

p<<-Qi

a

J

9

/

HH

£

©

5

a£5

----- s

>

ih

I
®
< r«li

a 1----K H

PI It

©

Fl

' S

II-

g
t1'—r

© g

H* 8.

IH
r—'

®:
4>J
4 L.J^

h.

3

_

13

tt®

*®i ?
9
—It—►

tt®g8

4.(D

8

.

in
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Fig. 4-24. Horizontal driver/buffer circuit.

ground through the driver transformer. And,
without input pulse applied to the transformer,
cuts off.
In direct coupled circuits where the output of
one transistor is directly connected to the next
transistor it is not uncommon for prior circuit
failure to cause the next transistor in the series to
be damaged. In older, tube model receivers if
horizontal output tube drive was lost the output
tube would often be destroyed. So the use of trans
former coupling saves the replacement of ex
pensive output transistors and makes the receiver
easier to troubleshoot.

the simplicity of the circuitry found in most mono
chrome television receivers.
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Symptoms created by defective ape circuits are:
1. “Floating” horizontal—picture moves slowly
across the screen.
2. Tearing picture as seen in Fig. 4-25.
3. “Soft” horizontal lock. Picture locks in mo
mentarily but is so sensitive that a slight
movement of the horizontal hold control will
send the set out of horizontal sync.
4. “Piecrusting” around the perimeter of the
objects on the screen.
5. Bending of picture at the top.

Fig. 4-25. Horizontal tearing.

The ape problems can be isolated by following
these steps (also see Chart 4-1) :

1. Use the oscilloscope to determine if the sync
separator output and the comparison pulse
being applied to the ape are of correct shape
and amplitude. Be aware that too much sig'
nal can cause as severe a problem as too little.
2. Use an external voltage supply and substi
tute an outside voltage for the ape correction
voltage. By varying the supply output, the
horizontal stability should be controlled just

Normally, determining that the problem is defi
nitely in the ape circuit is the most difficult part
of ape troubleshooting. This is true because of
74
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Chart 4-1. Isolation of APC Defect

SCOPE SYNC SEPARATOR AND COMPARISON PULSE
SIGNALS TO THE APC ARE THEY OF CORRECT SIZE
AND SHAPE »

NO

tance units and high voltage capacitors first,
then other low power components)

TROUBLESHOOT THE
SYNC SEPARATOR OR
COMPARISON PULSE
COUPLING COMPONENTS

And, in some cases the technician is justified
in “shotgunning” the circuit. When the set is an
inexpensive one or an older model where it is not
feasible to charge the customer for the time spent
in repair, or when you are just plain in “a hurry”
all the components in the ape circuit can be re
placed in less time than it would take to find the
defective part and replace it. There is a savings
in labor which offsets the additional cost of parts
which in this circuit are, of course, very inex
pensive.
Most of the defects listed as being caused by
the ape circuit are caused by faulty diodes, tran
sistors, or when inside an IC, the IC itself. Some
times, however, the problem will be a resistor of
changed value or a capacitor which has opened,
shorted, or become leaky.
As the sync separator and the comparison pulse
source are cleared from being suspect, test the
ape diodes with the ohmmeter. Good ape diodes
should have almost identical forward and reverse
resistance readings. This means that they are well
matched. When replacing ape diodes it is neces
sary to do so with the correct part type or an exact
replacement type. Replacing a single ape diode
does not always work—they should be replaced as
a matched pair.
We have checked the diodes first because they
are active devices and we know that active devices
fail most often, and are usually the problem with
ape circuit faults. Naturally, if they are good,
each resistor and capacitor in the circuit must be
tested. They would be checked first in the order
of the most likely failure or the large value units
first and then the smaller value units. Resistors
can often be checked in the circuit, if the circuit
is analyzed first to be sure that no parallel paths
exist for the ohmmeter current to flow in while the
measurement is being made. Referring to Fig. 418, note that if an ohmmeter is applied across
R252, ohmmeter current will flow through R252
and Y251 and thus you will measure the resistance
of both rather than just R252. In Fig. 4-18, how
ever, the resistance of R255 can be measured ac
curately in the circuit because no other current
paths exist. If parallel paths do exist, one end of
the resistor must be removed from the circuit
before the resistance measurement is made.
If you are unsure whether other current paths
exist, measure the resistance in the circuit. If it
measures more than the rated resistor value it is
defective because there is no way to make a re-

YES

2
SUBSTITUTE APC CORRECTION VOLTAGE WITH AN AD
JUSTABLE VOLTAGE SUPPLY VARYING SUPPLY OUT
PUT CAUSES HORIZONTAL STABILITY TO BE CON
TROLLED JUST LIKE HORIZONTAL HOLD CONTROL AD
JUSTMENT ’

NO

TROUBLESHOOT THE
HORIZONTAL
OSCILLATOR

NO

TROUBLESHOOT
HORIZONTAL
OSCILLATOR

YES

3
ADJUST HORIZONTAL HOLD CONTROL PICTURE
SHOULD TEAR TO THE LEFT AND TO THE RIGHT AS
THE CONTROL IS TURNED FROM SIDE TO SIDE

YES

APC DEFECTIVE

as if the horizontal hold control were being
adjusted.
3. Adjust the horizontal hold control. The pic
ture should be made to “tear” both to the
right and to the left if the oscillator is oper
ating correctly.
4. If all the above tests are positive—that is,
the ape has the correct inputs, the external
source will control the horizontal hold, and
the horizontal hold control has normal range,
the trouble is in the ape circuit. Test No. 1
proves the circuitry previous to the ape to be
operating correctly. Tests No. 2 and No. 3
prove the horizontal oscillator to be doing
its job properly. That leaves the ape to be
the culprit. Now all that is left is to check
the few components which make up the ape.
The most effective method of troubleshooting
is to play the odds by checking components in the
order in which they usually fail as illustrated in
the following list. Components are listed in the
order of failure, with the most likely to fail com
ponents listed first and the least likely to fail last
on the list.

1. “Active” power devices (output transistors,
power rectifiers, etc.)
2. “Active” low power devices (small signal
transistors, ICs, etc.)
3. “Passive” power devices (high wattage re
sistors, large value electrolytic capacitors,
flyback transformers, yokes, etc.)
4. “Passive” low power devices (high resis75
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sistance measure greater than its rated value—
unless it is defective. Any other current path as
just discussed will cause a parallel path and the
resistance will measure less than the smallest
parallel branch. If the resistance measures less
than the rated value, pull one end and measure
again to be sure of its value.
Checking capacitors in circuits, such as the ape
circuit, is best done by removing one end of the
capacitor and using a capacitor substitution box
to replace the capacitor removed from the circuit.
If the set performs well with the new component
connected, the one removed must be bad—replace
it with an exact replacement type. Capacitors can
be analyzed with a digital analyzer (Fig. 4-26).

Chart 4-3. Troubleshooting a Dead Transistorized
Oscillator
i

CONFINE TROUBLE TO OSCILLATOR

3

2

BAD

CHECK B-F SUPPLY
TO OSCILLATOR

TROUBLESHOOT
B+ SUPPLY

GOOD

4

CHECK TRANSISTOR

BAD

5
REPLACE TRANSISTOR

GOOD

6

CHECK ANY OTHER
ACTIVE DEVICES
DIODES. ETC

BAD 7

REPLACE

GOOD

8

TEST FEEDBACK
COMPONENTS AND
HOLD CONTROL

BAD 9

REPLACE

Chart 4-4. Troubleshooting a Dead IC Oscillator
CONFINE TROUBLE TO IC
(INPUTS GOOD NO OUTPUT)

3

2

BAD

CHECK B +

TROUBLESHOOT B+
SUPPLY

Fig. 4-26. Digital capacitor analyzer. (Courtesy Sencore, Inc.)
GOOD

Almost always, in the case of pie crusting or
picture top-bending, a resistor or capacitor in the
antihunt network will be faulty. With an incorrect
value resistance or capacitance in the circuit it
may attempt to oscillate causing the pie-crust
effect. Or, the antihunt network time constant
may have increased so it cannot react fast enough

4
TEST HOLD CONTROL
AND OTHER EXTERNAL
COMPONENTS

BAD 5

REPLACE

GOOD

6
REPLACE IC

Chart 4-5. Troubleshooting an IC Oscillator With
Low Output

Chart 4-2. APC Troubleshooting Chart
i
DEFINE TROUBLE TO
APC CHECK APC
INPUTS

2

i

MEASURE B+ SUPPLY
VOLTAGE TO IC

BAD

TROUBLESHOOT B+
SUPPLY

GOOD

2
TEST APC DIODES
FOR MATCHING FRONT
TO BACK R

BAD

4

3

REPLACE

TEST OTHER IC PIN
VOLTAGES

GOOD

3
CHECK APC RESISTORS
AND CAPACITORS

BAD

TEST SURROUNDING
COMPONENTS

BAD

GOOD

BAD

6

5

REPLACE

REPLACE IC

7«

REPLACE

Horizontal Deflection

Chart 4-6. Troubleshooting a Transistor Oscillator
With Low Output

to bring the oscillator under control as each frame
is scanned. Usually, by the time a few lines of
picture information have been displayed the os
cillator will have been pulled back on frequency.
But while this process is in progress, the top of
the picture, being out of phase with the incoming
sync pulse, has been reproduced slightly out of

2

i

MEASURE B+ SUPPLY
VOLTAGE

BAD

TROUBLESHOOT
B+ SUPPLY

GOOD

4

3

CHECK OSCILLATOR
TRANSISTOR VOLTAGES

GOOD

REPLACE
TRANSISTOR

Chart 4-9. Dead Set
i

BAD

5
CHECK COLLECTOR LOAD R
EMITTER R BASE BIAS
RESISTORS AND EMITTER
BY PASS CAPACITOR

BAD

CHECK FOR B+ AT OUTPUT TRANSISTOR
BE SURE NO HIGH VOLTAGE IS BEING PRO
DUCED BEFORE YOU TRY THIS OR YOUR
METER MAY BE DAMAGED *

2
GOOD

CHECK FOR OPEN OUTPUT
TRANSISTOR

6

BAD

REPLACE

3
BAD

REPLACE
GOOD

GOOD

7

6

REPLACE TRANSISTOR

TROUBLESHOOT POWER SUPPLY

Chart 4-7. Troubleshooting a Transistor Oscillator
With Incorrect Frequency Output

4

5
TEST YOKE ANO
FLYBACK

GOOD

TEST YOKE
AND TIMING
CAPACITORS

* BEST METHOD TO BE SURE NO METER DAMAGING PULSE VOLTAGE EXISTS
IS TO CHECK WITH AN OSCILLOSCOPE THE SCOPE SHOULD BE SET TO
MEASURE A MINIMUM OF 1200 VOLTS THOUGH THE NORMAL HORIZON
TAL OUTPUT PULSE IS LESS THAN 800 VOLTS IF NO PULSE IS FOUND
IT IS SAFE TO TEST FOR B+ WITH THE METER OR YOU MAY USE THE
DC FUNCTION OF THE SCOPE TO MEASURE IT

1
CONFINE PROBLEM TO
OSCILLATOR

sync—it is bent as shown in Fig. 4-25. To trou
bleshoot ape use Chart 4-2.

2

BAD 3

CHECK HOLD CONTROL

The Horizontal Oscillator

Two things must be determined about the hori
zontal oscillator as you begin to troubleshoot it.

REPLACE

GOOD

Chart 4-10. Fuse or Circuit Breaker “Blows”

4
TEST OTHER FREQUENCY
DETERMINING COMPONENTS

2

Chart 4-8. Troubleshooting an IC Oscillator With
Incorrect Frequency Output

AN EFFECTIVE CHECK IS TO RE
MOVE THE TRANSISTOR AND TRY
THE SET AGAIN IF THE PROB
LEM IS IN THE OUTPUT FUSES
AND CIRCUIT BREAKERS WILL
NOT REACT

I
CHECK OUTPUT TRANSISTOR

I
IF SYSTEM HAS EXTERNAL
APC BE SURE PROBLEM IS
WITH THE OSCILLATOR AND
NOT APC IF APC AND
OSCILLATOR ARE IN SINGLE
IC BE SURE SIGNAL INPUTS
ARE CORRECT

2

CHECK ALL IC PIN
VOLTAGES

3

IF CIRCUIT BREAKERS STILL
REACT TROUBLESHOOT POWER
SUPPLY (B ♦ » CHECK THE
DAMPER

GOOD 3

REPLACE IC

NO CIRCUIT BREAKER OR
I USE REACTION INDICATES AN
OUTPUT CIRCUIT PROBLEMMOST LIKELY A SHORTED
TRANSISTOR

BAD
4

TEST SURROUNDING
COMPONENTS

GOOD 5

REPLACE IC

(1) Is it oscillating, and (2) is it oscillating at
the correct frequency? Though another defect
can be present, most faults will fall into one of
these categories.

BAD

6
REPLACE
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Chart 4-11. Insufficient High Voltage
i
5

GOOD

SCOPE OUTPUT TRANSISTOR
INPUT SIGNAL CHECK B +

REPLACE TRANSISTOR
NORMAL HV

HV STILL LOW
BAD

6
2

BAD

BAD SIGNAL LOW HV

3

4

REPLACE TRANSISTOR
PERMANENTLY

REPLACE TRANSISTOR
FOR PERMANENT USE

TEST FLYBACK YOKE YOKE
CAPACITORS TIMING CAPACITORS
HV RECTIFIER. AND PICTURE TUBE*

REPLACE OUTPUT TRANSISTOR
AND TEST AGAIN DEFECTIVE
TRANSISTORS CAN CAUSE APPLIED
SIGNALS TO BE DISTORTED

GOOD SIGNAL HV

7

8

TROUBLESHOOT PRECEEDING
CIRCUITS (BUFFER DRIVER
OSCILLATOR ETC)

REPLACE

♦ TESTING OF TIMING AND YOKE CAPACITORS IS USUALLY BEST DONE BY
REPLACEMENT UNLESS EXTREMELY ACCURATE DIGITAL CAPACITANCE
TEST EQUIPMENT SUCH AS THAT SHOWN IN FIG 4 26 IS USED THESE
CAPACITORS TIME THE RESONANCE OF THE CIRCUIT ANO IF THE FRE
QUENCY IS OFF THE HIGH VOLTAGE MAY WELL BE INSUFFICIENT
PICTURE TUBES WITH INTERNAL SHORTS CAN LOAD THE HIGH VOLT
AGE SO HV SHOULD BE CHECKED WITH A RELIABLE HV METER WITH
THE PICTURE TUBE DISCONNECTED

Chart 4-12. No High Voltage
i
CHECK FOR B* AT OUTPUT
TRANSISTOR*

GOOD 3

Chart 4-13. Loading Symptoms
SYMPTOMS SUCH AS HORIZONTAL BENO
WEAVE AND NARROW RASTER ARE CAUSED
BY LOADING THE OUTPUT CIRCUIT

CHECK TRANSISTOR

KEYSTONE PICTURE IS ALMOST ALWAYS
CAUSED BY A SHORTED YOKE

4

BAD

REPLACE

BAD
2

TEST FOR CORRECT B+ AND
B+ OUTPUT RIPPLE. EXCESSIVE
RIPPLE CAN CAUSE A VARIETY OF
PROBLEMS LIKE WEAVE JITTER
AND LOW HIGH VOLTAGE WITH
NARROW RASTER

5

TROUBLESHOOT
B-r SUPPLY

3

1 ----------------------------

GOOD

CHECK INPUT PULSE
TO TRANSISTOR

CHECK FOR SHORTED CIRCUITS OPERATING
FROM DERIVED SUPPLIES THIS IS BEST
ACCOMPLISHED BY DISCONNECTING THEM
ONE AT A TIME WHEN SET RETURNS TO
NORMAL THE DEFECT IS IN THE REMOVED
CIRCUIT

GOOD

BAD

6

GOOD

BAD
TROUBLESHOOT
PRECEEDING
CIRCUITS

SYMPTOM NOT
REMOVED

2
TROUBLESHOOT AND
REPLACE POWER
SUPPLY COMPONENTS

7
CHECK TRANSISTOR
OUTPUT PULSE **

4
TEST DERIVED POWER SUPPLY CIRCUITS
BY REMOVING THEM ONE AT A TIME UNTIL
SET RETURNS TO NORMAL DIODES CAN BE
CHECKED USUALLY WITHOUT REMOVAL SO
THIS SHOULD PRECEED CIRCUIT REMOVAL

BAD
GOOD

8
REPLACE HV
RECTIFIER

9
TEST FLYBACK YOKE
TIMING AND YOKE CAP
ACITORS REPLACE HV
RECTIFIER AND TEST
FOR SHORTED PICTURE
TUBE***

SYMPTOM NOT
REMOVED

5
TEST OTHER CIRCUITS ATTACHED TO THE
OUTPUT IN ANY WAY-YOKE BLANKING
CIRCUITS ETC

GOOD

10

If the horizontal circuitry goes out in many of
the new solid-state sets, the set will be “dead.”
Granted, the cause is most often the horizontal
output transistor, but in some cases this will not
be true and the fault may lie in the oscillator cir
cuitry. When the output transistor is checked and
found to be good, yet no high voltage is being pro
duced or the set is dead, the next test is to scope
the oscillator output. This will confirm the oscil
lator to be operating or not and can also inform
the technician if the frequency is correct. There
is an exercise in the SAM on determining fre
quency via use of the oscilloscope.

TEST PICTURE TUBE
FLYBACK

♦ CHECK FOR B+ ONLY AFTER MAKING SURE NO METER DAMAGING
PULSE VOLTAGE EXISTS PROCEDURE FOR THIS IS SHOWN IN DEAD
SET TROUBLESHOOTING CHART

♦ ♦transistor output pulse for monochrome tv will usually be
400 TO 800 VOLTS TO TEST USE AN OSCILLOSCOPE CAPABLE OF
MEASURING A MINIMUM OF 1200 VOLTS

♦ ♦♦CAPACITORS IN THIS CIRCUIT ARE CRITICAL AND TESTS SHOULD BE
MADE BY REPLACEMENT OR WITH HIGH QUALITY DIGITAL CAPACITANCE
TESTING EQUIPMENT THE HV RECTIFIER CANNOT BE TESTED WITH AN
OHMMETER
A SHORTED PICTURE TUBE WILL GROUND THE HIGH VOLTAGE TEST
FOR NORMAL HIGH VOLTAGE WITH THE HV LEAD TO THE TUBE DIS
CONNECTED NORMAL HIGH VOLTAGE INDICATES A DEFECTIVE TUBE
WHICH MOST TUBE TESTERS WILL NOT SHOW FAULTY USE CAUTION
SINCE THE HIGH VOLTAGE IN THIS AREA CAN BE VERY HAZARDOUS
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will lower high voltage. A change in resonant
frequencies will also cause low high voltage.
4. No high voltage—In many sets the sound
will be normal but there will be no raster.
Lack of raster can be caused by no high
voltage. And, high voltage production is de
pendent upon horizontal output circuit op
eration.
5. Other symptoms such as horizontal bend,
weave, keystone shaped picture, narrow ras
ter, and others can be caused by a defective
output circuit.

If the oscillator is not functioning correctly use
Charts 4-3 through 4-8.
Horizontal Output Circuits

Symptoms created by defective horizontal out
put circuits are:

1. Dead set—If the receiver in question makes
extensive use of derived power sources and
the horizontal circuit is dead, the fault may
be in any horizontal circuit which would
cause a lack of horizontal output. But, in
most instances this defect will be caused by
a bad horizontal output transistor.
2. Fuses or circuit breakers may “blow” as the
set is turned on. Remember that the damper
and horizontal output transistor are in paral
lel with the B+ output. So, if either of these
devices happens to short, fuses or circuit
breakers react immediately as the set is
turned on.
3. Inszifficient high voltage—Because the high
voltage is produced by horizontal “flyback”
pulses in the horizontal output or flyback
transformer, a lowering of pulse amplitude

After symptom diagnosis determines that the
problem is in the horizontal circuits, a waveform
check should be made of the input signal to the
horizontal output transistor. If it is correct, pro
ceed to troubleshoot the output circuits and any
other circuits which might interact with it. These
other circuits might include those operating from
the derived power sources and the B+ supply
operating the horizontal output circuit.
Attempt to determine which part of the circuit
would most likely cause the displayed symptom.
The basic approaches in Charts 4-9 through 4-13
should be kept in mind.
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Chapter 5

High Voltage Circuits
V

Before a picture tube can produce a picture it
must have a high positive voltage applied to its
second anode. This voltage acts as an accelerating
potential to “draw” the electrons toward the pic
ture tube screen where they strike phosphors
causing them to glow. The anode potential must be
in the thousands of volts depending on the size of
the tube. Larger tubes require perhaps as much
as 20 kilovolts (20,000 volts). Smaller tubes will
require somewhat less voltage, as little as 4 kilo
volts for the mini-screen sets.
Fig. 5-1 illustrates a cross section view of a
black and white picture tube. Here it can be seen
that the second anode is a conductive graphite
coating (called the Aquadag) on the inside glass
wall. The graphite is deposited from the faceplate
to about halfway into the tube neck. It is con
nected to the phosphors which coat the face of
the tube and through the side glass wall to the
high voltage lead. An external graphite coating is
connected to the chassis ground usually by wire
springs or spring leaf.
As a by-product of the flyback pulse in the yoke
circuit, high voltage is produced. In Fig. 5-2 the
yoke circuit is in parallel with the flyback. In

some circuits, such as that in Fig. 5-3, the yoke
circuit is in series with part of the flyback trans
former. In either case when the fast collapsing
magnetic field in the yoke produces the 400-800
volt pulse explained in Chapter 4, that voltage is
applied to the flyback transformer. The flyback
transformer then steps up this voltage to the
amount required by the set. This is an ac output,
and the picture tube must have de so a rectifier
is used. In Fig. 5-3 this rectifier is Y259 and in
Fig. 5-2 it is CRX506. As in the power supplies
discussed in Chapter 3, this power supply must
be filtered to keep the output at a steady, unvary
ing level. The filter in this system is the picture
tube. An excellent capacitor exists between the
outside and inside graphite coatings. The glass
envelope makes an excellent capacitor insulator.
It is so good in fact that the picture tube will hold
a charge for days if the conditions are right.
Naturally, a charge of a few thousand volts can
be a big surprise to the unwary. Always discharge
a picture tube before attempting to disconnect the
second anode lead no matter how long the set has
been off!
A safe method of discharging the picture tube is
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zero indicating that no voltage is left in the pic
ture tube “capacitor.” To be safe this should be
done at least two times before handling the sec
ond anode lead. Because the picture tube will
sometimes seem to recharge itself immediately
after being discharged—only to strike again. It is
not a good idea to short the second anode directly
to ground. To do so will sometimes damage the seal
around the second anode by the high energy arc
that accompanies shorting to ground. If a high
voltage probe is not available, discharge the tube
to ground through a 10 megohm, 1 watt resistor.
Use long blade screwdrivers with well insulated
handles and alligator clips as shown in Fig. 5-5.
During high voltage production, a path for cur
rent in the high voltage circuit is as shown in
Fig. 5-6. Current comes from the more negative
point in the circuit (ground), through the video
output transistor and is boiled off the cathode of
the picture tube because of the heat applied to the

SECOND ANODE
CONNECTION
(HV LEAD CONNECTION!

3 IHf -Hb

T

ELECTRON
GUN ASSEMBLY

PHOSPHOR
COATING

INSIDE GRAPHITE
COATING
(AQUADAG!

r~

OUTSIDE GRAPHITE
COATING

Fig. 5-1. Black and white picture tube construction.

through a high voltage probe as in Fig. 5-4. Use
the probe just as you would if measuring the high
voltage. You can watch the meter as it falls to
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Fig. 5-2. Horizontal output circuit with yoke in parallel with the flyback.
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Fig. 5-3. Horizontal output circuit with yoke in series with the flyback.

cathode. The video output transistor allows more
or less current to flow through the circuit as it
acts as a variable resistance. It, thus, allows more
and less beam current to produce brightness

I
I

:

Fig. 5-5. Discharging second anode voltage through a
10 megohm resistor.

Fig. 5-4. Discharging second anode voltage with a
high voltage probe.
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HV RECTIFIER

---- H—
FLYBACK

As a short summary of high voltage circuit op
eration, the 400- to 800-volt pulse produced by the
yoke during retrace is used by the flyback to pro
duce by step-up action, the high voltage necessary
for tube operation. This ac voltage is then recti
fied, filtered, and used by the picture tube to at
tract the electron beam to the screen.

i
i

HV RECTIFIER

QI

—H
VIDEO OUTPUT
TRANSISTOR

-=- FLYBACK

CAPACITOR CAN BE USED FOR GROUND RETURN BECAUSE
CURRENT IS PULSING AT VIDEO FREQUENCIES
DEPENDING ON THE ON-OFF FREQUENCY OF 01 AS
REQUIRED TO PRODUCE A GIVEN IMAGE ON THE SCREEN

TROUBLESHOOTING THE
HIGH VOLTAGE CIRCUIT

(B) Simplified circuit,

(A) Capacitor used for
ground return.

Surprisingly little difficulty is encountered in
high voltage circuits of solid-state receivers. Con
sidering the amount of voltage encountered it
would seem that more problems would exist. Reli
ability of modern solid-state components and in
sulating materials have caused the failure rates
of high voltage rectifiers and flybacks to be very
low.
The most often found symptom of high voltage
circuits is that of no high voltage. Though low
high voltage is sometimes encountered it is al
most always caused by a horizontal output prob
lem or in some instances by a bad picture tube.
Naturally, one of the first checks which should be
made is to determine whether the problem is in the
high voltage circuitry or the horizontal output cir
cuitry. The best way to accomplish this is to mea
sure “output pulse” of the horizontal output tran
sistor. Do this as explained in Chapter 4. Once the

Fig. 5-6. High voltage circuit current path.

ranges from black (no electron beam) to white
(maximum beam current), as required to produce
a black and white picture. The electron gun emis
sion is shaped into a beam by other electron gun
elements and drawn toward the screen by the high
positive potential.
As the beam strikes the phosphor coating on
the screen, the phosphor glows and the electron
current is taken out of the tube via the second
anode through the high voltage rectifier, the fly
back winding, and back to ground. The source of
voltage is the flyback winding and the load is the
picture tube. The simplified circuit in Fig. 5-6B
uses a battery symbol to illustrate the flyback as
source and a bulb symbol to depict the load of the
picture tube.

Chart 5-1. Problem Is Confined to High-Voltage Circuit
i
CONFINE PROBLEM TO
HV CIRCUIT CHECK OUTPUT
OF HORIZONTAL TRANSISTOR

2
TEST FOR AC
OUTPUT OF FLYBACK
(SEE FIG. 5 7)

7

NO

DISCONNECT RECTIFIER
AND TEST FOR AC OUTPUT
AGAIN

AC
HV
RETURNS

YES

3
REPLACE
RECTIFIER

HV
DOES 5
NOT
RETURN

REPLACE RECTIFIER
AND TEST AGAIN-IF
HV IS STILL
MISSING PICTURE
TUBE IS SHORTED

DISCONNECT
SECOND ANODE
LEAD AND CHECK
FOR HV
(SEE FIG. 5 8)

HV
RETURNS

9
TEST FLYBACK

GOOD

10

GO BACK TO BLOCK
NO 1 AND TROUBLE SHOOT THE HORIZONTAL
OUTPUT CIRCUIT

HV
RETURNS

4
PERMANENTLY
REPLACE RECTIFIER

NO AC
HV

8

6
PICTURE
TUBE IS
SHORTED

BAD

11
REPLACE
FLYBACK
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1
0 - 50V

*

HIGH VOLTAGE
RECTIFIER UNDER
TEST

T

-----LED

OBSERVE POLAR ITY OF ALL COMPONENTS

ADVANCE THE VOLTAGE SLOWLY UNTIL LED LIGHTS
(USUALLY ABOUT 35-40 VOLTS). REVERSE THE
HIGH VOLTAGE RECTIFIER AND REPEAT. THE LED
WILL NOT LIGHT IF THE RECTIFIER IS GOOD. IT
WILL LIGHT BOTH TIMES IF THE RECTIFIER IS
SHORTED; NEITHER TIME IF OPEN.

Fig. 5-10. A circuit for testing high voltage rectifiers.

difficulty has been confined to the high voltage cir
cuit the tests outlined in Chart 5-1 should de
termine the exact cause of the problem.
Most high voltage failures will be caused by the
rectifier or flyback since they are the principal
components in the circuit. So, the first test is the
easiest one—check the rectifier. However, don’t
try this with your ohmmeter—it won’t work. The
high voltage rectifier is made of “stacked” or
series diodes. In our study of diodes we found that
a silicon diode requires approximately 0.7 volt to
cause conduction. If 20 diodes have to be placed
in series to make one diode capable of withstand
ing 20 kV (20 diodes rated at 1 kV each) then it
would take 14 volts to even make the rectifier con
duct. That is 0.7 volt per diode times the 20 diodes
equals 14 volts that is necessary to make the as
sembly conduct. See Fig. 5-9 for an illustration of
the high voltage rectifier construction. Now, the
usual ohmmeter voltage supply is IM volts with
some using a 9-volt transistor battery. But neither
will produce enough voltage to make the rectifier
conduct and therefore it cannot be checked. The
rectifier will test open with such a meter. A test
jig can be constructed as shown in Fig. 5-10 but
the easiest test is to simply replace the rectifier
with a known good one.
Flybacks made in the more recent years use
better insulation techniques and so do not short
as often as the older units did. If replacing the
rectifier does not restore high voltage and the
other circuits have been checked out as described
in the horizontal output circuit troubleshooting
section of Chapter 4, check the flyback. This is
usually left to last because of the difficulty of the
test. In most cases the flyback must be removed.
Some resistance measurements can be done with
the flyback in the set but resistance measurements
will not detect a 1 or even a 10 turn short, which

Fig. 5-7. Testing for ac output of flyback transformer.

E

Fig. 5-8. Testing for high voltage with second anode lead dis
connected. CAUTION: this test is hazardous. Be sure hv lead
is secured to probe. Do not touch or allow hv lead or probe
to touch ground.

Fig. 5-9. High voltage rectifier construction.
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will cause the set not to work. The only reliable
way to test the flyback is with a ringing type of
test. In such a test a pulse is fed into the flyback
and it is caused to oscillate. The tester will de
termine if the flyback “rings” or oscillates well
enough to be good. As little as one shorted turn
on any of the flyback windings can be detected by
some instruments. But they are not reliable unless
the flyback is removed from the chassis and is well
away from any metal. If metal is near the trans
former it will often absorb enough of the magnetic
field about the unit to cause it not to oscillate well
enough to be counted good. Such a tester is often
found on tv analyzers. A typical flyback tester is
shown in Fig. 5-11.

Fig. 5-11. A typical flyback tester. (Courtesy Sencore, Inc.)
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Chapter 6

Sync Separator and
Vertical Scan Circuits
Let us mention once again that in the normal
course of television repair it is necessary to do the
following:

A. Sync separator.
B. Vertical oscillator.
C. Horizontal afc/apc.
D. Horizontal oscillator.
4. To produce clear, undistorted sozcnd with ad
equate volume.

1. Get the set to produce a full raster. To do
this it is necessary to:
A. Make sure the low voltage power supply
is operating normally.
B. Have the horizontal sweep circuits oper
ating properly.
c. Produce the necessary high voltage.
D. Have the vertical sweep circuits operat
ing properly.
2. Cause the receiver to display a picture which
means that the following circuits may need
attention:
A. Tuner
B. Video if.
C. Video.
D. Age.
3. Cause the picture to be properly synchro
nized with the broadcast signal of the station.
Synchronization is accomplished by proper
operation of the following circuits:

We have addressed the past three chapters of
this text to the first major step in this normal
four-point repair sequence, to the point of pro
ducing vertical scan of the picture tube. Be
cause of the necessity of understanding the man
ner in which a broadcast signal is utilized in
synchronizing the picture, this chapter will also
deal with step three—picture synchronization,
origin of sync pulses, and sync pulse separation.
It might also be pointed out that usually when the
raster is restored to a set having been repaired
for a defective raster, synchronization is not a
problem. That is, synchronization can be ac
complished by normal adjustment of controls.
Only in sets having more than one defect will
there be a synchronization problem once the raster
has been restored. And, overall, multiple probSOUND
DET

AUDIO
AMPLIFIER

VIDEO
DETECTOR

VIDEO
AMPLIFIER

SOUND l-F

SPEAKER

ANTENNA

I
TUNER

I-F
AMPLIFIER

I
PICTURE
TUBE

AGC

iv
POWER
SUPPLY

AFC

SYNC
SEP

VERT
SWEEP

HORIZ
OUTPUT

HV
POWER
SUPPLY

I
HORIZ
OSCILLATOR

87

Television Servicing—With Basic Electronics

lems are not the usual repair encountered by the
service technician. That is not to suggest that
such does not occur, but rather that they are by
far in the minority of the normal service repairs.
With the circuits we’ve discussed in the last
three chapters a set could produce high voltage
and horizontal scan. With just these circuits oper
ating, a lighted narrow horizontal line would be
displayed as seen in Fig. 6-1. As learned earlier,
in Chapter 2, the electron beam must be moved

Of the total composite video signal, about 25%
is sync pulse amplitude as shown in Fig. 6-2. But,
to be on the safe side and not have the sync
separator triggered by video, blanking pulse, or
noise, it is biased to be turned on only by the
upper 10% of the composite video signal. Of
course, if attempted to turn on via video, blanking
pulse, or noise pulses, sync stability would be
very poor.
Signal Biased Sync Separators

Triggering on the tip of the pulse is accom
plished by allowing the separator transistor to be
biased by the incoming signal itself. In Fig. 6-4
Q3 is biased by the voltage divider consisting of
R30, R31, and R32, but not biased to the point
of conduction during video signal reception. How
ever, as sync pulses arrive at the base of Q3, it
conducts and capacitor C33 is charged according
to the polarity shown in the figure. This accumu
lated charge causes Q3 to be reverse biased and
to cease conduction. The time constant of C33,
R29, and R31 is such that C33 will maintain a
charge of near (actually about 90%) that of the
peak incoming video signal amplitude. As the next
sync pulse arrives the upper 10% of the signal is
enough to override the remaining 90% of the re
verse bias charge on C33, and Q3 conducts. This
occurs with the arrival of each incoming sync
pulse allowing the sync separator to conduct only
on the upper 10% of the video signal amplitude.
In this way the sync pulses are separated from the
composite video.
Though other types of biasing systems, such as
a fixed bias circuit, may be used, signal biasing
is used most because of the need for accurate sync
pulse separation from signals of varying levels.
Since the turn-on point of the sync separator tran
sistor is determined by the incoming level of sig
nal, by choosing capacitor-resistor time constants
to maintain a 90% of incoming signal level charge,
the transistor strips the sync pulse from the com
posite video regardless of signal level.
In some newer receivers the sync separator is
included inside an IC as shown in Fig. 6-5. Com
posite video input is applied to the IC at pin 9.
Internally, the IC separates video information
from the sync pulses and amplifies only the sync

Fig. 6-1. No vertical scan.

downward on the picture tube screen as well as
across, in order to cause a full raster to be de
veloped. And for the displayed picture to be held
steady, it must be synchronized with the broad
cast signal. Synchronization of the picture re
quires the use of broadcast sync pulses “stripped”
from the composite broadcast signal. It is the job
of the sync separator circuit to “strip” the sync
pulses from the composite video. In the following
paragraphs first the sync separator actions and
then the vertical deflection circuits will be ex
plained.
SYNC SEPARATOR

The sync separator is normally a transistor
operating as a switch, being biased into cutoff so
that only the sync pulse tips as seen in Fig. 6-2
make it conduct. In this way the sync pulses are
stripped from the incoming signal. Composite
video is used as the sync separator input signal
and is usually taken from the video amplifier cir
cuits as illustrated in Fig. 6-3.
THIS 10%
STRIPPED OFF
FOR SYNC
CIRCUIT USE

ir-

| SYNC PULSE 25%
I BLANKING
PEDESTAL
75%
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Fig. 6-2. A sync pulse train
with both horizontal and verti
cal pulses.
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Fig. 6-3. Sync signals are ex
tracted from composite video
taken off from the video cir
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pulses. Capacitor C403 is the sync separator
charging capacitor used to set up biasing to de
velop conduction level of the sync separator cir
cuit, or, in other words, the sync “clip” level. Sync
signal exits the separator at pin 12 and is fed to
pin 14 through R408. The sync signal is now in-

Other Sync Separator Related Circuits

Other circuits are often used in conjunction
with the separator. An example of a sync inverter
is shown in Fig. 6-6 and a noise cancelling circuit
is illustrated in Fig. 6-7. Both of these circuits
are sometimes used with the separator circuit.
The inverter amplifies and inverts sync polarity.
The noise cancelling circuit eliminates any noise
in the composite video which could be mistaken by
the sync separator as a legitimate sync signal and
cause sync instability.
The sync inverter of Fig. 6-6 is a typical com
mon emitter amplifier. The sync signal is applied
to the base of Q204 and taken from its collector.
Note that the input signal is a 0.7-volt positive
going pulse and its output is a 5-volt negative
going pulse—it has both amplified and inverted
the input signal. It then supplies a high amplitude
signal of the correct polarity to the vertical oscil
lator to trigger it on. The horizontal signal is not
taken from the inverter output in this case. In
stead, it is taken directly from the sync separator
output and applied to the ape circuitry.
The noise cancelling circuit of Fig. 6-7 cancels
any noise pulse riding on the composite video be
fore it can be used to falsely trigger the sync cir
cuits. Any noise pulse which has the amplitude to
“sneak” through the sync separator can cause the
vertical or horizontal circuits to “believe” that it
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Fig. 6-4. A typical sync separator circuit.
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zation of picture information to be quite erratic.
The instability of the picture in such an instance
is caused by electrical noise being received by the
tv and added onto the received broadcast signal.
Fig. 6-8 shows an interference pulse riding on the
composite video signal.
The noise cancelling element may be a single
diode on the input of the sync separator or a multi
transistor circuit. And, in some instances it may
be included inside an IC, as in Fig. 6-5. In any
case it is biased such that only an incoming signal
of the same polarity as the sync signal and greater
in amplitude than the sync signal, will turn it on.
When the noise canceller turns on, if it is a diode,
the offending noise spike is shunted to ground.
When it is a transistor or IC circuit the offending
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Fig. 6-6. Sync inverter circuit.

is a sync pulse. The result is a sync circuit being
turned on when it shouldn’t be, and the picture
rolls or tears. You have no doubt observed a tele
vision being operated near interference (even a
running automobile) which caused the synchroniQ4
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Fig. 6-7. A noise cancelling cir
cuit. (Courtesy Quasar Co.)
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signal. The differentiator actually differentiates
between pulses to keep the horizontal system pro
vided with station broadcast sync. In order to
completely understand what this means it is neces
sary to know a bit more about the broadcast sync
pulses—these are shown in Fig. 6-9. The bottom
four lines of video and their accompanying sync
pulses are shown first. These are followed by the
vertical sync pulse train. Note that the entire
vertical sync train rides atop a blanking level sig
nal. This assures that the scanning electron beam
is cut off during the entire vertical retrace in
terval.
The vertical sync pulse train begins with a
series of “equalizing” pulses at twice the normal
horizontal rate, then follows the actual vertical
sync pulse which is serrated at twice the hori
zontal rate. Then more equalizing pulses and 12
horizontal pulses complete the train of vertical
sync signals. Notice the position of the first
equalizing pulse in Fig. 6-9A. This drawing de
picts the sync pulse train for field No. 1 (even
numbered lines) which begins in the top left cor
ner of the screen as shown in Fig. 6-10A. In Fig.
6-9B the first equalizing pulse is one-half hori
zontal line from the last horizontal sync pulse.
For field No. 2 (odd numbered lines) scan begins
at the middle of the screen. This half line differ
ence in time between odd and even fields continues
through the entire field so that vertical sync pulses
for successive fields have the correct timing re
quired for interlacing.
Equalizing pulses actually have the effect of
timing the turn-on for the vertical flyback which,
in turn, determines at what point the following
vertical scan will begin (see Fig. 6-10). As the
sync pulses are removed from the blanking ped
estal they appear as seen in Fig. 6-11 A. Once taken
from the composite video signal these sync pulses
are applied to the vertical and horizontal sync
systems through the integrator and differentiator
circuits.

1^^ NOISE PULSE

Fig. 6-8. A noise spike riding
on a composite video signal.

noise pulse is inverted and applied to the sync
separator circuit at the same time as the original
noise spike inputs to the sync separator. Being
of the opposite polarity as the original, the orig
inal interfering pulse is cancelled and no erratic
sync stability is viewed. A noise gate typical of the
type found in many monochrome television re
ceivers is shown in Fig. 6-7. If a noise pulse of
sufficient amplitude occurs in the video signal
arriving at the base of Q4, the video amplifier, it
also biases Q13, the noise gate, on. Transistor Q13
is a common base amplifier with an adjustable
base bias via R408. The bias is set so the noise
gate transistor will not conduct until a noise pulse
of greater amplitude than the video signal is ap
plied to its emitter. When it does conduct, being
a common base circuit, no signal inversion occurs,
as it would if the circuit were a common emitter
type. But, the sync separator takes its input from
the collector of Q4. So, the operational method of
the noise gate as described earlier is preserved—
the noise gate signal has not been inverted but
the sync signal has, so as they are fed to the sync
separator transistor, Q14, they are of opposite
polarities and the interfering pulse is cancelled.
SYNC TRAIN INTEGRATION
AND DIFFERENTIATION

The next task, after removing the sync pulses
from the composite video, is to separate the hori
zontal sync signal from the vertical sync signal.
This is done by two resistor-capacitor circuits con
nected to the output of the sync separator. The
integrator in essence “integrates” or “puts to
gether” pulses to provide the vertical triggering
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(B) Odd numbered scan lines of a field.

(A) Even numbered scan lines of a field.

Fig. 6-9. Sync and blanking pulses for successive fields.
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(A) Vertical sync pulse group.
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(B) Output of integrating circuit.

(A) Active downward scanning.

Fig. 6-11. Vertical pulse separation by integration.
END OF
RETRACE FROM:

FIELD?

input signal level with each pulse. At about the
third vertical pulse a level has been achieved that
will trigger the vertical oscillator.
Even though retrace blanking is accurately es
tablished by the placement of the blanking ped
estal, vertical retrace may not take place at the
proper instant unless the critical charge on the
integrating capacitor occurs at precisely the same
point for each successive vertical sync signal. The
equalizing pulses keep the horizontal oscillator
synchronized and time the placement of the verti
cal pulses so that the vertical oscillator is trig
gered at exactly the correct time to produce inter
laced scanning.

FIELD 1

2ND
FIELD BEGINS
RETRACE

1ST FIELD BEGINS
RETRACE

The Differentiator Circuit

For horizontal scanning of the picture tube to
begin at the correct point for interlaced scan, the
horizontal oscillator must be kept in sync with
the broadcast signal even during vertical retrace.
The equalizing pulses and the serrations in the
vertical sync pulse provide this function.
Differentiator time constants are such that the
circuit produces an output pulse as shown in Fig.
6-13B for both the leading and trailing edges of
each horizontal sync pulse, equalizing pulse, and
vertical sync pulse. The pulses labeled “C" in Fig.

(B) Inactive upward scanning (vertical retrace).

Fig. 6*10. Simplified illustrations of interlaced scanning.

The Integrator Circuit

To integrate means to put together a number
of small parts to form a whole. The integrator as
seen in Figs. 6-12 and 6-16 begins to charge, as
depicted in Fig. 6-1 IB, as the first equalizing pulse
comes into it. The integrating capacitor does not
charge during normal horizontal sync pulse ar
rival because its time constant is such that it dis
charges before the next horizontal pulse arrives.
However, the equalizing pulses are twice the
horizontal rate and so begin to charge the inte
grating capacitor. Fig. 6-1 IB shows that as the
wider vertical sync pulses are applied to the inte
grator the capacitor charges more toward peak

FROM SYNC
SEPARATOR

L

R3

R2

R1

Cl

C2 4;

C3==

n

TO VERTICAL
OSCILLATOR

J

Fig. 6-12. A typical discrete component Integrating circuit.
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Blanking is carried out by the blanking pulses
and by feeding a vertical sync pulse from the out
put circuit to a video amplifier. The pulse reverse
biases the video amplifier, turning it off. As we
discuss video circuits in Chapter 9 it will be seen
that when the video amplifiers are cut off, the
electron beam inside the picture tube is also turned
off. The beam remains off and the screen black
until the vertical pulse is removed from the video
amplifier at the end of vertical retrace. In this way
there are no “retrace” lines to interfere with
viewing the picture. When seen, retrace lines
appear as a few bright lines zig-zagging from
the bottom to the top of the screen.

Al
(A) Vertical pulse group following field two.
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(B) Output of horizontal-differentiating circuit.
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VERTICAL OSCILLATORS
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OUTPUT <B)

Now that we have explained how sync pulses
are extracted from the composite broadcast signal,
let’s see how these pulses are used by the vertical
deflection system.
Actually, the vertical oscillator “free runs” and
needs no sync pulse input to cause oscillation. If
this were not so there would be no vertical deflec
tion unless a broadcast signal were being received.
The vertical oscillator frequency is adjusted by
the vertical hold control so that it free runs
slightly slower than the 59.94 Hz broadcast verti
cal sync signal. As the sync pulse is applied to the
oscillator, it is triggered on just thousandths of
a second before it would have self-triggered. Thus,
the incoming sync pulse is used directly by the
oscillator for sync stabilization. Remember that
this is not the case with the horizontal oscillator,
as explained in Chapter 4.
Almost every conceivable type of oscillator cir
cuit has been used in tv vertical circuits at one
time or the other. In more modern sets, however,
only three of these are widely used. Primarily
the multivibrator, blocking oscillator, or an IC
system is most often used in today’s monochrome
receiver.
Actually, nothing more is required of the verti
cal oscillator than to switch on and off as dictated
by the incoming sync pulse and its internal time
constant components, respectively. The oscillator
is used to time the charge or discharge of a capaci
tor whose linear “ramp” charge or discharge as
seen in Fig. 6-14 is amplified and applied to the
yoke coils to produce vertical deflection. Usually,
the off time of the oscillator is the trace time and
oscillator on time is retrace time. This is because
while the oscillator “switch” is off the capacitor
is charging and the linear portion of its charge
time “ramp” voltage is amplified as just explained.

■o

(C) Horizontal differentiator circuit.

Fig. 6-13. Action of horizontal differentiating circuits during
vertical pulse period.

6-13B are created by the falling edge of the pulses
and are rejected by the horizontal afc/oscillator
circuitry because of their polarity. Pips labeled
“A” are used for oscillator control while those
labeled “B” are discarded since they fall in the
center of scan time when the oscillator circuitry
is not receptive to control. The “B” pips are cre
ated by equalizing pulses and vertical pulse ser
rations which are double the horizontal sync rate
of 15,734 Hz. The vertical pulse being so serrated
allows control of horizontal sync and at the same
time provides a wider pulse time necessary for the
integrator circuit to control the vertical flyback
turn-on point.
BLANKING

A total of 21 lines is required for vertical blank
ing and retrace. Three lines are blanked as the
equalizing pulses start their work, three more are
blanked during the actual vertical pulse time, and
three more during the equalizing pulses which fol
low vertical sync. Then a series of 12 other hori
zontal lines are blanked before picture informa
tion is again contained between horizontal sync
pulses. During these 12 lines special broadcast test
and information signals are transmitted for sta
tion use and for some color receiver automatic
color circuits. They are transmitted on the 18th
and 19th lines of the vertical interval and these
lines are of necessity “un-blanked” during this
time.
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(A) Linear vertical sawtooth.
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IS USED FOR VERTICAL
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Fig. 6-15. Multivibrator “equivalent” circuit.

output of one transistor drive the input of the
other. With the natural inversion of signal pro
duced by common emitter circuits, the feedback is
positive and causes oscillation to be sustained. As
seen in Fig. 6-15, when QI conducts, Q2 is off. With
Q2 off, QI has no feedback signal to keep it on,
so it cuts off. As QI cuts off Q2 is turned on again.
Thus, the on-off action continues with only one
transistor on at a time. The rate at which the cir
cuit “flip-flops” is its frequency, and is determined
by circuit RC time constants.
A typical multivibrator vertical oscillator is
drawn in Fig. 6-16. Here the typical two transistor
circuit is used, but in some sets such as that in
Fig. 6-17 only one transistor is labeled as the
vertical oscillator (vertical discharge). Yet, the
system is that of a multivibrator with another
transistor in the vertical system, either a driver or

(B) Charge curve of a fully
charged capacitor.

Fig. 6-14. Waveforms of sawtooth forming capacitor.

When the oscillator turns on it discharges the
capacitor rapidly and retrace occurs. Any circuit
which can meet these requirements will work as a
vertical oscillator.
Multivibrator-Type Vertical Oscillators

The most often used type of vertical oscillator is
the multivibrator. A multivibrator requires two
transistors to operate. Each transistor operates
as an amplifier with feedback used to make the
■ -
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Fig. 6-16. Vertical multivibrator oscillator identifying both transistors as oscillators.
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Fig. 6-17. Vertical multivibrator with only one transistor identified as being part of the oscillator. (Courtesy Quasar Co.)

output, also functioning as a part of the oscillator
circuit. Both systems are widely used in modern
monochrome television receivers. In Fig. 6-16, the
sync separator supplies a negative going sync
pulse to the vertical integrator circuit which con
sists of R608, R612, R613, R618, C606, C607, C617,
and C618. Transistor Q602 is used to match the
impedance of the integrator circuit to the vertical
oscillator, and operates as a simple amplifier.
From Q602 the integrated vertical sync pulse is
coupled to a clamp circuit made of CR601 and
CR603. Diode CR603 provides a de current path
for the emitter of Q601 to ground and limits the
peak positive input pulse to 4-0.6 volt. Diode
CR603 is biased by voltage provided by the 24
volt B4- source through R605. Diode CR601 is a
clipper used to clip the incoming sync pulse to a
-0.6 volt level. The clipping action of these diodes
provides noise pulse limiting as explained earlier
in this chapter.
During trace time, CR603 is forward biased and
CR601 is reversed biased by the B4- supply
through resistor R605. As CR603 is forward bi
ased, Q601 will be biased off by the 4-0.6 volt drop
across the diode, applied to its emitter. Transistor
Q603 is forward biased and conducting at this
time. Its emitter is returned to ground and its
base to B4- by R610. When Q603 turns on, the col
lector voltage drops rapidly as most of the B4voltage is dropped across the collector load re
sistor, R611. The rapid drop in collector voltage
initially appears as a negative going pulse which
is coupled through capacitor C604 to the base of
transistor Q601 and ensures that Q601 will re
main in the off condition. Capacitor C604 will then
charge toward the B4- level through R601 and
R603, the vertical hold control. When capacitor

C604 has charged to approximately 1.4 volts, Q601
will turn on. When Q601 turns on, the collector
voltage will drop rapidly forming a negative going
pulse which is coupled through capacitor C603
to the base of Q603. This negative going pulse re
verse biases Q603 causing it to turn off. Capacitor
C603 will then charge toward B4- through R610
placing a positive voltage on the base of Q603.
Transistor Q603 will turn on when C603 gains
enough positive charge, thus repeating the cycle.
The vertical oscillator is synchronized to the
broadcast station by the application of the inte
grated vertical sync pulse to the emitter of Q601,
initiating its turn on. The emitter of Q601 is held
at 4-0.6 volt during trace time by CR603. At ini
tiation of retrace, however, the negative going
sync pulse arrival turns off CR603 and turns on
CR601. The pulse at the emitter of Q601 will drop
the emitter to —0.6 volt, limited by the clipping
action provided by CR601—Q601 now conducts.
Transistor Q601 will have a negative going col
lector pulse which turns on CR605 providing a
discharge path for C612 and forms the leading
edge of the sawtooth waveform. When Q601 turns
off, C612 will charge through R622, R623, R629,
and the emitter-base junction of the first vertical
amplifier transistor, Q605. The charge rate will be
linear producing the ramp portion of the saw
tooth across R625. This sawtooth pulse is now
applied to the following amplifier circuits and fin
ally to the yoke to create a linear downward de
flection of the scanning electron beam inside the
picture tube.
Fig. 6-17 is a diagram of the vertical sweep cir
cuitry of a system identifying only one transistor
as the vertical oscillator (discharge) when in
reality the circuit is that of a multivibrator. Feed95
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back for this circuit is taken from the vertical
output transistor to maintain oscillation.
At the beginning of trace, Q18 is not conducting
and capacitors C602 and C603 are completely dis
charged. The capacitors begin to charge through
R604 and R606 from ground to the B4- supply.
As the charge on C602 and C603 increases, this
ramp charge is applied to Q19 and Q20 causing the
electron beam to be swept from the top of the pic
ture tube screen to the bottom. While this is hap
pening, the voltage across Q18 is also increasing.
This voltage is divided by R602, R603 and the
emitter-base resistance of QI8 and is used to for
ward bias this circuit. As Q18 begins to conduct
at the end of vertical scan, its collector voltage
becomes more positive and the forward bias for
Q19 and Q20 is reduced. Note that Q19 is an
emitter follower and can be considered virtually a
direct connection between Q18 and Q20. With the
output transistor now being cut off the magnetic
field about the yoke and L600 begins to collapse,
causing retrace to begin. Also, the induced voltage
in the yoke and L600 causes the collector of Q20
to go negative. This negative pulse is coupled from
the collector of Q20 back to the base of QI8 by
R610, C600, and R601 driving it into saturation.
As QI8 is saturated it becomes a low resistance
path for sawtooth forming capacitors C602 and
C603 to discharge through quickly. When the mag
netic field about the yoke and L600 has collapsed
no more negative voltage will be produced at the
collector of Q20 and its voltage returns to zero.
As this more positive going voltage is fed back to
From
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Blocking Oscillator Vertical Circuits

Blocking oscillators in the past have been single
transistor circuits employing a special trans
former through which the feedback passed before
reaching the transistor input. The feedback was
such that the transistor would conduct and the
feedback would cause it to cut off. It would then
be caused to turn on again only to be cut off by its
own feedback. Oscillation was sustained in this
manner. Newer blocking oscillators are somewhat
different and use two transistors and no trans
former, yet the operation is the same.
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Fig. 6-18. Vertical circuit with transformer-type blocking oscillator.
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Q18 it causes the transistor to be turned off. Now,
with Q18 off, the sawtooth forming capacitors will
begin to charge again, repeating the cycle of trace
and retrace.
The oscillator is synchronized by the negative
going incoming sync pulse and causes Q18 to turn
on just before it would normally turn on in its free
running mode. This holds the receiver in synchro
nization with the station broadcast signal.
Note that in each circuit a feedback path from
the oscillator output back to its input is readily
recognizable. The components in this path, which
include the vertical hold control, determine the
oscillation frequency of the oscillator. The verti
cal hold control allows this frequency to be ad
justed so that the natural free-running frequency
of the oscillator is slightly slower than the correct
station sync frequency. Then, as the incoming sync
pulse is applied to the oscillator it is triggered
into action.

8000 5% ;
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Transformer-Type Blocking Oscillator — The
circuit shown in Fig. 6-18 is a triggered blocking
oscillator which uses the familiar transformer for
producing the “blocking” action. Positive feed
back is coupled from the collector of Q14 to its
base via the tightly coupled transformer windings.
As Q14 conducts, its base is driven strongly by
the signal fed back from the collector. The signal
applied to the base-emitter junction causes C21
to charge so the emitter becomes negative and Q14
is thus cut off. Transistor Q14 remains off until
C21 discharges through R79 to a level that allows
Q14 to turn on again. Then, as Q14 begins to con
duct again the cycle repeats itself and oscillation
is sustained. Frequency of oscillation is, of course,
determined by the bias on the transistor, which
determines when it will come out of cutoff. This is
adjusted by the vertical hold control, used in this
circuit to vary the transistor base bias. By vary
ing the base bias, the emitter voltage necessary to
cause turn-on is also varied. If the base bias volt
age is lowered, a lower emitter voltage is neces
sary to turn on the transistor. A lower emitter
voltage means that C21 must discharge for a
longer period to reach the lower voltage thus the
frequency is slower. For a faster frequency, a
higher emitter voltage would be necessary so the
capacitor would not have to discharge to as great
a degree. Incoming sync pulses serve to change
the base bias to start transistor conduction as in
other types of oscillator circuits. The sawtooth
signal used for vertical deflection is taken from
C21 and R79. Capacitor C21 charges rapidly dur
ing transistor conduction time but discharges
linearly during transistor off time. Retrace period

then is during transistor conduction time and
trace time is transistor off time.
Transformerless Blocking Oscillator—In the
transformerless blocking oscillator the feedback
loop is direct and does not employ capacitors or
transformers as can be seen in Fig. 6-19. Tran
sistor Q21 is the electronic switch which turns on
at a predetermined rate or upon arrival of the
sync pulse to discharge the sawtooth forming ca
pacitor, C603. Transistor Q22 performs the func
tion of the transformer in Fig. 6-18.
Resistors R604, R602, and R600 provide emit
ter-base bias for Q21—R602 is variable for con
trol of oscillator frequency (vertical hold con
trol). Components R605, C603, R604, and R608
shape the circuit output pulse to form the required
sawtooth shape. Capacitor C602 in conjunction
with R607 acts as a filter to “decouple” the vertical
pulse signal from the power supply to prevent the
pulse frequency from being distributed to other
circuits through the power supply leads. Resistor
R606 is a feedback and load resistor common to
both transistors. A negative sync pulse is applied
to the base of transistor Q21 through the vertical
integrator made up of C600, C601, and R601. This
sync pulse biases transistor Q21 on just prior to
its free-running turn on, and initiates vertical
retrace and synchronizes the oscillator to the
broadcast signal.
When operating power is applied to the circuit,
the sawtooth forming capacitor begins to slowly
charge positively through R607, R608, and R609.
Both transistors are off at this time, due to the
charging current of C603. The charging voltage
across C603 is amplified and used to cause the
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Fig. 6-19. Transformerless
blocking oscillator. (Cour
tesy Quasar Co.)
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beam to sweep from top to bottom of the picture
tube. At the bottom of the raster C603 will have
charged sufficiently to cause Q21 to be biased on.
As it turns on, a pulse is developed across collector
load resistor R606, which is also directly coupled
to the base of Q22 turning it on. As Q22 comes on,
a negative pulse is developed by the voltage drop
across R602 and R604. This negative pulse is
coupled directly to the base of Q21 causing it to
go into saturation. Emitter-collector resistance of
a saturated transistor is on the order of a few
ohms and essentially shorts out capacitor C603
allowing it to discharge. The rapid discharge
of C603 initiates vertical retrace and drives the
electron beam to the top of the raster. The differ
ence in trace and retrace times is due to the fact
that C603 charges through approximately 122K
ohms and discharges through approximately 40
ohms (Q21 and Q22). The discharge of C603
causes the emitter of Q21 to become less positive,
which in turn lowers the collector current, the
collector signal level and thus the bias to Q22.
Transistor Q22 turns off and its collector goes
positive, as does the direct coupled base of Q21.
Transistor Q21 is biased off, so both transistors
will remain off until C603 charges to a value that
will forward bias and turn on Q21 and repeat
the cycle.
Frequency determining components are R607,
R608, R609, and C603. The vertical hold control
and its associated components set the bias of Q21,
and thus its turn-on point and the oscillator fre
quency.

Fig. 6-20. Nonlinear vertical sweep.

Single Transistor Vertical Output Circuit

A typical single transistor output circuit is
shown in Fig. 6-21. It is illustrated along with the
circuit oscillator and driver because it is actually
a part of the oscillator, and because the feedback
paths are essential to its proper operation.
In Fig. 6-21 vertical driver Q23 amplifies the
ramp signal produced by capacitors C604 and
C603 and passes the signal on to Q24, the vertical
output. These two amplifiers produce enough cur
rent gain to drive the vertical deflection coils of
the yoke. Transistor Q23 is operating as an emit
ter follower which means that as the base signal
turns on the transistor and more current flows
through it, a voltage drop of the same polarity as
the base signal is created across the emitter re
sistor. Thus, the output across the emitter re
sistor “follows” the base voltage in polarity. It is
impossible to achieve voltage gain from such a
circuit but current gain can be quite high. Note
that the input signal voltage to Q23 is 7.5 volts
peak-to-peak and its output is only 5.25 volts
peak-to-peak, showing a loss in signal level. Power
gain cannot easily be shown by waveforms but
does exist because of current amplification. The
output of Q23 produces the necessary controlling
current for the base of Q24.
Resistors R615 and R616 form a self-bias net
work for Q24 with R616 being adjustable. With
R616 being variable the amount of degeneration
in the emitter circuit of Q24 can be varied and
the vertical size adjusted. Degeneration (or loss of
amplification) is produced as the emitter resis
tance increases, causing the voltage drop across it
to increase and the emitter voltage to become more
positive. The transistor is an npn so the emitter
must be more negative than the base for it to con
duct. By making it slightly less negative there is

VERTICAL OUTPUT CIRCUITS

Three types of vertical output circuits are found
to be used in modern solid-state monochrome tele
vision receivers. They are:
1. A single ended, single transistor circuit.
2. A dual transistor, complementary circuit
using one npn and one pnp transistor.
3. A dual transistor, quasi-complementary cir
cuit usually using two npn transistors.
Each output circuit, regardless of the type, per
forms the same function. As explained previously,
a sawtooth or ramp signal is created by the oscil
lator switch and capacitor charge circuit. This
signal is amplified and applied to the yoke by the
vertical output circuit, wffiich must faithfully
maintain the linearity of the ramp so a linear scan
is produced. Any distortion of the ramp signal
will result in a nonlinear scan as seen in Fig. 6-20.
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could destroy it if the induced voltage exceeds the
collector-emitter breakdown voltage of the tran
sistor. The pulse amplitude is directly propor
tional to the speed of collapse of the yoke magnetic
field, which is directly proportional to the speed
at which Q24 is turned off. Capacitor C606 con
trols the speed at which Q24 is turned off by its
discharge time. A smaller capacitor will allow
a faster turn off while a larger capacitor would
make the turn off time longer. Thus, by controlling
the turn off time of the output transistor the in
duced voltage amplitude is also controlled. How
ever, if the positive pulse created by the yoke does
approach the transistor breakdown voltage, R617,
a voltage dependent resistor (vdr) offers further
protection for Q24. As the voltage across R617 in
creases, its resistance decreases providing a lower
resistance shunt path for the pulse.
Because of component (usually the transistor)
characteristics and the design used for the circuit,
few circuits will produce a linear scan of the
picture tube screen. The circuit just discussed
(Fig. 6-21) tends to produce a compressed bottom
and an expanded or stretched top raster, causing

Fig. 6-22. Nonlinear vertical sweep.

less forward bias and the gain or amplification
of the transistor is reduced.
When the drive signal at the base of Q24 goes
negative with respect to the emitter the transistor
is reverse biased and turns off. At this time ver
tical retrace is initiated. At the instant of vertical
retrace, a high positive pulse is produced by the
collapsing magnetic field about the yoke. This
voltage is impressed on the collector of Q24 and
I
A1-

Fig. 6-23. Waveform correction
Is necessary in some circuits
to produce linear vertical scan.
(Courtesy Quasar Co.)
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a picture similar to that shown in Fig. 6-22. The
output current from this circuit, without correc
tion, will look like that of Fig. 6-23B.
Most circuits will require a method of ensuring
a linear scan. For the circuit in Fig. 6-21 that
method is to compensate for the transistor’s char
acteristics by driving it with a signal such as that
seen in Fig. 6-23C. The transistor has the tendency
to produce a nonlinear output if the input is linear,
so we drive it with a nonlinear signal and its
output then becomes linear. To do this a portion
of the sawtooth signal is taken from the emitter
circuit of Q24 and coupled back to a wave shaping
network consisting of C603 and C604. Capacitor
C604 shapes the sawtooth into a parabola (Fig.
6-23A) and adds it to the existing sawtooth pro
duced by the oscillator. The result is the nonlinear
signal applied to the base of Q24 as seen in Fig.
6-23C. So by driving the output with a corrected
signal its output to the yoke is such as to produce
linear scan. Adjustment of R610 provides the
waveshaping circuit with the needed sawtooth
level to create the amount of correction necessary
for linear scan.

and Q608, the pnp, will be biased off. With Q610
conducting, current flows from ground through
R642, R641, C622, the yoke, Q610, and to the B4supply. This current flow causes the beam to be
deflected from the top of the screen to the center
and to charge C622. The resultant positive voltage
on the emitter of Q610 and the negative going
pulse on its base will turn Q610 off.
As the sawtooth driving signal falls to below
10.6 volts, Q610 will turn off and Q608 will turn
on. When Q608 begins to conduct C622 behaves
like a source and discharges to ground through
R641, R642, Q608, the yoke, and back to C622
causing the electron beam to move from the center
of the screen to the bottom. When the beam is de
flected to the bottom of the screen the sawtooth
will be at its most negative peak (in some circuits
this will be opposite). At this time the oscillator
is triggered by the incoming sync pulse; the ramp
forming capacitor will be discharged and vertical
retrace will be initiated.
A 0.6 volt difference of potential is maintained
between the base of Q610 and the base of Q608
by the voltage drop across CR602. By maintaining
this difference when Q610 is switching off, Q608
is already switching on; thus a balanced switching
action is achieved. Without this there would be a
time lag between the switching off time of Q610
and the switching on time of Q608, as the input
signal would have to continue past the turn off
point of Q610 by 0.6 volt to cause Q608 to turn on.
Diode CR604 limits the peak pulse at the output
to a safe operating value.
A highly linear, temperature and gain sensitive
scanning current is produced by first developing
a sawtooth waveform across R641 and R642 which
represents the yoke current. This sawtooth wave
form is then coupled through an ac feedback net
work to the base of Q605. At this point it is com
pared to the sawtooth waveform developed by the
horizontal oscillator circuit. Any differences in the
waveforms are caused to be corrected by the high
gain of the circuitry. A similar circuit was illus
trated in Fig. 6-21 and its resulting output was
shown in Fig. 6-23.
Because of the curvature of the picture tube and
the geometry of the sweeping electron beam as
seen in Fig. 6-25, some correction must be pro
duced to provide a linear sweep. To achieve this a
parabolic voltage from C622 (Fig. 6-24) is fed
back through R626 to Q605. This also provides the
negative feedback to set the bias for the vertical
amplifier system. The RC network of resistors and
capacitors, R619, R620, R627, C610, and C611,
provides some ac feedback that sets the gain and

Complementary Output Circuits

The output circuit of Fig. 6-24 is referred to as a
complementary output because it uses one npn and
one pnp transistor. Being opposites they “com
plement” one another. In this circuit one output
transistor conducts during scanning time for the
top half of the screen and the other conducts dur
ing scanning time for the bottom half of the
screen. The reason for the popularity of this cir
cuit is that the drive circuitry can be simple, the
transistors can be small, low powered devices, and
no heat sink is required. Concerning simple drive
circuitry, because the transistors are opposites
the same signal will turn one transistor on and
the other off simultaneously. This must be done in
the complementary circuit because one transistor
is used to scan the top of the screen while the other
is used to scan the bottom half of the screen.
Transistor Q605 amplifies and inverts the saw
tooth waveform that is de coupled to transistor
Q606 for further amplification and phase inver
sion. From Q606 the ramp signal is coupled to
Q607 and inverted again before it is used to drive
the complementary emitter follower output section
consisting of transistors Q608 and Q610.
The sawtooth waveform is simultaneously ap
plied to the base of Q610 and the base of Q608.
Initially, the sawtooth waveform is at a high posi
tive level. So, Q610, the npn, will be biased on
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quires a phase splitter (in most cases) to provide
each transistor with a different input polarity. To
conduct, the npn must have a positive going input
while the pnp must have a negative going input.
It is called “quasi”-complementary because it is
not a true complementary circuit, but is made to
behave as one. That is, it does not automatically
turn one transistor on and the other off with the
same signal, but must have a phase splitter net
work or a complex biasing network so one transis
tor is off while the other is on. This is usually
done by phase splitter circuits which will provide
opposite polarity signals to the two transistors.
In the true complementary circuit no phase split
ter is necessary since the transistor base materi
als are opposite (one n and one p) and the same
signal applied to both at the same time will cut
one transistor on and the other off.
The illustration in Fig. 6-26 is that of a quasicomplementary circuit. Note again that both tran
sistors are of the same type (npn). Though it is
more expensive to produce and often more difficult
to repair because of the extra circuitry, reliability
of the quasi-complementary circuit more than off
sets the extra expense and repair difficulty. What
makes it more reliable is the fact that both tran
sistors can be npn which are inherently more

BECAUSE OF PICTURE TUBE GEOMETRY (FLAT SCREEN) A
LINEAR DEFLECTING CURRENT WILL CAUSE A SLIGHTLY
NONLINEAR PICTURE. THEREFORE. SOME WAVESHAPING
IS NECESSARY TO PRODUCE A LINEAR PICTURE.

"-LINEAR PICTURE WOULD BE PRODUCED ON THIS
CURVATURE IF BEAM WERE DEFLECTED BY A PERFECTLY
LINEAR DEFLECTING CURRENT.

Fig. 6-25. Picture tube geometry makes some deflection
waveform “shaping” necessary.

linearity of the vertical circuitry so no linearity
control is necessary.
Quasi-Compiementary Vertical Output Circuits

Another vertical output circuit in use is the
quasi-complementary output. Quasi-complemen
tary circuits use two transistors of the same type,
usually npn, to provide the same push-pull-type
action as in the complementary circuit. The differ
ence between the two circuits is that the quasicomplementary circuit, like older tube circuits, re
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reliable and less prone to heat and over-voltage
destruction than pnp’s.
Transistors Q312 and Q310 are the outputs
driven by transistors Q306 and Q308. Both out
puts are not driven by the same driver transistor.
Transistor Q306 is actually two transistors in one
case connected in a Darlington pair configuration.
The gain of such a transistor is very high since
the total gain is equal to the gain of one transistor
multiplied times the gain of the other. This pro
vides good amplification of the small ramp wave
form of the sawtooth forming capacitor, and
drives output transistor Q312 directly. Output
transistor Q310 is not driven by Q306 because it
must have an opposite polarity signal to keep it
off when Q312 is on and on when Q312 is off. So
Q308, a common emittei* amplifier is placed be
tween Q306 and Q310 to invert the drive signal,
and provide an opposite polarity drive signal than
that applied to the base of Q312.
As the output of Q306 is most positive, output
transistor Q312 is on allowing current to flow
through it, charging C318 and causing current to
flow through the yoke producing deflection of the
electron beam from the center of the screen to the
bottom. This positive signal is also applied to
Q308, inverted and used to keep Q310 off at this
time. As the ramp signal cuts off, Q312 ceases con
duction and the inductive voltage produced by the
collapsing magnetic field in the yoke causes ver
tical retrace to occur. As the beam reaches the top
of the screen the more negative part of the ramp
signal applied to Q308 is inverted and coupled
to Q310 which conducts allowing current stored in
C318 to flow through it and the yoke. Vertical
scan from the top of the screen to the center is
accomplished by this current flow. As the beam
nears the center of the screen, Q312 begins to be
biased on and the remainder of the screen is
scanned as explained earlier. Fig. 6-27 shows how
the bias of transistors Q312 and Q308 allow one
transistor to cause scan of the top of the screen
and the other to cause scan of the bottom.
A few quasi-complementary output circuits are
to be found that have no phase inverter circuit.
Such a circuit is illustrated in Fig. 6-28. However,
note the complex biasing arrangement of capaci
tors, resistors, and diodes attached primarily to
the base of TR34. Transistors TR34 and TR35 are
biased so that one will conduct on the most posi
tive part of the ramp signal and the other on the
least positive part of the signal. Current flow in
the yoke circuit occurs in the same way as in any
quasi-complementary circuit, with capacitor C311
charging during scan of one-half of the screen and

BIAS POINT

i/M

BOTTOM OF
RASTER

TOP OF
RASTER

Fig. 6-27. One transistor causes scan of top of screen and
the other causes scan of the bottom.

discharging through the other transistor during
scan of the other half of the screen. Naturally, in
a system such as this the biasing components are
critical.
IC Vertical Output Circuits

Though found in few monochrome receivers at
this time, there is no doubt that in the near future
many, if not all, new sets produced will be similar
to the one in Fig. 6-29. As can be seen, even the
outputs are inside the IC. The “workings” of the
IC are not known but it can be seen that the output
section receives its input from pin 7 and its output
to the yoke is taken from pin 1. For troubleshoot
ing such a circuit a thorough knowledge of circuit
waveshapes and testing of components, such as
diodes, capacitors, and resistors, is necessary. This
knowledge is the same as that gained through
study of and working with other “discrete” com
ponent circuits as described in this text.
Other Vertical Circuits

We have discussed the two major vertical cir
cuits—oscillator and output circuits. And, indeed,
some receivers will be found to have only these
two circuits in the vertical sweep section. But
more sets will be found to have other necessary
circuits such as the inverter just discussed in the
section on quasi-complementary outputs, drivers,
cross-over amps, and others. These circuits are a
necessary part of the receiver they are in and
function to produce better vertical performance.
They are usually very simple switches or ampli
fier circuits, as those in Fig. 6-30. Here Q210 is
a simple common emitter amplifier operating
Class A. Its only peripheral components used for
load and biasing are R220, C208, R222, and Y203.
Also, in Fig. 6-30 vertical feedback amplifier
Q209 acts as a variable resistor in the emitter
circuit of another signal amplifier, Q208. Its pur
pose is to control the conduction of Q208 to pro
vide linearity correction as illustrated in previ
ously described circuits. And, again, it is a simple
amplifier with few biasing and load components—
a simple matter to troubleshoot.
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Fig. 6-28. A quasi-complementary output circuit without phase inverter.
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TROUBLESHOOTING THE SYNC
SEPARATOR CIRCUITS

Symptoms caused by defects in sync separator
circuits are:
1. Loss of vertical and horizontal sync (Fig.
6-31)
2. Intermittent sync—usually both vertical and
horizontal
3. Loss of vertical or horizontal sync (usually in
the integrator or differentiator circuits)
4. Picture pulling
5. Vertical picture jitter
It is almost impossible to troubleshoot a sync
separator without the aid of an oscilloscope. The
reason for this is that problems in preceding cir
cuits often cause the same symptom as a sync sep
arator defect. When the composite video signal is
of too great an amplitude, perhaps caused by de
fective age, the if amplifiers may become over-

Fig. 6-31. Loss of vertical and horizontal sync.

loaded. Overloaded amplifiers usually cause clip
ping of the signal and in this case the loss of some
or all of the top-most part of the signal—the sync
pulses. For this reason the first step in trouble
shooting an apparent sync separator problem is to
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Chart 6-1. Lack of Vertical and Horizontal Sync—Unstable or
Intermittent Sync
i

USE AN EXTERNAL SUPPLY TO
CLAMP THE AGC VOLTAGE THEN
SCOPE VIDEO SIGNAL
AT SYNC TAKE OFF
LOOK FOR POOR SHAPE
AND SYNC PULSE HEIGHT *

2
BAD

SUSPECT AGC TUNER IF
OR ALIGNMENT

GOOD

3|
SCOPE SYNC SEPARATOR
OUTPUT FOR POOR SHAPE
AND PULSE HEIGHT

4

BAD

GOOD

n

CHECK 8 4 MEASURE SYNC
SEPARATOR TRANSISTOR
VOLTAGES-DETERMINE IF
TRANSISTOR IS FAULTY

BAD

6

5
TEST TRANSISTOR

7
REPLACE

TEST TRANSISTOR**
REPLACE IF DEFECTIVE
TROUBLESHOOT B 4- SUPPLY

BAD

GOOD
8

>0,

GOOD

CHECK NOISE
CANCELLING
CIRCUIT B+- AND
TRANSISTOR LEAD
VOLTAGES

CHECK BIAS AND COUPLING
COMPONENTS iC35 ANO C59 tn FIG 6 4i

BAD
9

I BAD

REPLACE

11
TEST AND REPLACE
TRANSISTOR OR
TROUBLESHOOT B 4
SUPPLY

GOOD

1*1
TEST BIAS AND
COUPLING COMPONENTS

BAD

hi—
I

1—

REPLACE

BUT RELATIVELY RECTANGULAR

** REPLACE TRANSISTOR ANYWAY IF PROBLEM IS INTERMITTENT

scope the video detector or sync take-off point. The
sync pulse amplitude should be about 25% of the
total signal amplitude.
Later you will learn how the age is also depen
dent on the sync system. But for the present
just accept that this is true and that a defect in
the svne system could cause the age to “create”
the illusion of an age problem. Now with this being
the case scoping the video detector/sync take-off
point will not be an effective measure if the sync
pulse is abnormal in amplitude If when scoping
this line
signal
the be
sync
pulse is
indeed
incorrect
the
Igc
should
“clamped
” to
its normal
voltage

as given in the technical literature for the set.
This is done by using any adjustable, well-filtere ,
low voltage supply and connecting it etween
ground and the age bus. Be sure to mam ain cor
rect polarity. With the age voltage clamped to its
normal operating voltage, scope the vi eo signa
as mentioned above. It should now e Mima un
less a problem exists in the if circuitry. With a
normal sync pulse amplitude if the sy c ro e
remains, the trouble is definitely in
troublecuit. Charts 6-1 through 6-4 givei the^
shooting routine used in tracking
arator, integrator, and differenti
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Chart 6-2. Loss of Either Vertical or Horizontal

Chart 6-3. Picture Pulling

Sync

i

2
TROUBLESHOOT THE
HORIZONTAL APC

I
SCOPE VERTICAL OR HORIZONTAL
SYNC SIGNAL INPUTS (TO VERTICAL
OSCILLATOR OR HORIZONTAL APC)
TO BE SURE PROBLEM IS NOT IN
THE VERTICAL OR HORIZONTAL
CIRCUITS CLAMP THE AGC BEFORE YOU
MAKE THIS TEST

SCOPE THE SYNC SEPARATOR OUTPUT
WEAK OR DISTORTED SYNC PULSES
ARE A CLUE THAT THE PROBLEM IS
IN THE SYNC SEPARATOR CIRCUIT

GOOD
SIGNAL

DEFECTIVE SIGNAL

3

CHECK 8+ AND BIAS VOLTAGES ON
SYNC SEPARATOR TRANSISTOR
DETERMINE IF TRANSISTOR IS
DEFECTIVE. IF A RESISTOR HAS
CHANGED VALUES OR IF A CAPACITOR
IS LEAKY BY ANALYZING VOLTAGE
MEASUREMENTS

4
GOOD

REPLACE THE
DEFECTIVE
COMPONENT

BAD

BAD

3

2

SCOPE SYNC SEPARATOR OUTPUT

TROUBLESHOOT VERTICAL
OSCILLATOR OR HORIZONTAL
APC/OSCILLATOR

GOOD

GOOD

5
CHECK COUPLING COMPONENTS. AND
LIMITING DIODES

TEST COMPONENTS IN INTEGRATOR
OR DIFFERENTIATOR CIRCUITS
OR SHOTGUN (SEE FIG 6-16)

GOOD

BAD

6

BAD
TEST SIGNAL COUPLING COMPONENTS
(C35 AND C59 IN FIG 6 4)

6
REPLACE DEFECTIVE COMPONENTS

5

REPLACE DEFECTIVE COMPONENTS

Picture pulling is usually associated with weak horizontal sync
signals or video in the sync. If the vertical edges of the picture
are bent, the sync separator is not at fault.

BAD

7
REPLACE DEFECTIVE COMPONENTS

Chart 6-4. Vertical Jitter
Loss of either vertical or horizontal sync stability but not both is
almost always caused by integrator or differentiating circuits or
coupling components

i

SCOPE INTEGRATOR OUTPUT
GOOD

TROUBLESHOOTING
VERTICAL OSCILLATORS

BAD

2

TROUBLESHOOT VERTICAL
SCAN CIRCUITS

Symptoms caused by defects in the vertical os
cillator are:

3

CHECK SYNC SEPARATOR
TRANSISTOR BIAS VOLTAGES
CHECK INTEGRATOR COM
PONENTS OR SHOTGUN

BAD
5

1. No vertical deflection.
2. Loss of vertical sync—vertical hold control
will not cause picture lock-in.
3. Vertical jitter.
4. Intermittent vertical deflection, sync, and
jitter.

GOOD
REPLACE DEFECTIVE
COMPONENTS

4

CHECK COUPLING COMPONENTS

Vertical jitter is caused by distorted sync pulses or by sync
pulses mixed with interference.
If vertical jitter is accompanied by other symptoms, circuits other
than the integrator should be checked. Vertical jitter by itself
is usually caused by defective integrator components or com
ponents within the vertical scan circuits. It can also be caused
by poor connections, especially in output and feedback circuits.
When this is the case, evidence of the jitter will be seen in all
parts of the vertical circuitry.

The oscilloscope should be used to troubleshoot
the vertical sweep section because the proper oper
ation of that circuitry depends on correct wave
forms and no other instrument can identify cor
rect versus incorrect waveforms. Signal injection
is also helpful in determining the defective stage
when there is no vertical deflection. A simple test
jig consisting of a 6.3 volt transformer, a 0.5 /zF
capacitor, and a 100 ohm resistor, as shown in Fig.
6-32; or a tv analyst with vertical pulse output
can be utilized. Connect one lead of the tester or
analyst to the chassis ground and use the other
lead as the test probe to inject 60 Hz signals into
the vertical circuitry. When the signal is injected

into the input of the vertical output circuit and
deflection returns, that circuit is good. Then, go to
the input of the next circuit, usually a driver am
plifier, and again if deflection returns that circuit
is good. Continue this until deflection is not ob
tained as the signal is injected. Thus, the bad cir
cuit is found.
When a signal is injected into the vertical os
cillator and deflection is created yet there is no
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Chart 6-5. No Vertical Deflection
i
CONFINE PROBLEM TO VERTICAL
OSCILLATOR SCOPE THE INPUT
TO THE SECTION FOLLOWING THE
OSCILLATOR FOR CORRECT SIGNAL
OR INJECT SIGNAL INTO THE STAGE
IMMEDIATELY FOLLOWING THE
OSCILLATOR

GOOD
OSCILLATOR

DEFECTIVE
OSCILLATOR

2

PROPER DEFLECTION
ACHIEVED WITH INJECTED
SIGNAL

3

NO DEFLECTION WITH IN
JECTED SIGNAL OR
GOOD OSCILLATOR OUT
PUT DETECTED WITH
SCOPE

4

TROUBLESHOOT
CIRCUITS
FOLLOWING THE
OSCILLATOR

OR SCOPE DISPLAYS NO
OSCILLATOR OUTPUT

5

6

BAD

CHECK B + SUPPLY

CHECK 8+ ON OSCILLATOR
TRANSISTORS
GOOD

7

BAD

CHECK TRANSISTORS

GOOD
9

8
REPLACE

CHECK FEEDBACK COM
PONENTS (FIGS 6 16
AND 6 1 7» CHECK
CAPACITORS FIRST
CHECK COMPONENTS AT
TACHED TO THE VERTICAL
HOLD CONTROL AND THE
HOLD CONTROL

BAD

10
REPLACE

o-

_1

HF
5pF
600 V

100 Q

TEST PROBE

1/2 W
3 GROUND CLIP

6.3V
FILAMENT TRANSFORMER

deflection without the input test signal, the fault
usually lies in the oscillator feedback circuit. The
fact that the signal goes through the oscillator
usually indicates that the transistor is good. The
feedback circuit is necessary for sustaining oscil
lation. When it is open or shorted, the oscillator
transistor acts like an amplifier. In this case the
feedback components and those clustered about
the vertical hold control must be tested.
If the home-made tester is used there will be
vertical deflection but no synchronization. The pic
ture will not be linear either, but the fact that de
flection occurs at all is an indication that the cir
cuits between the injection point and the yoke
are good.
Intermittent vertical functions are most often
caused by thermal opens in transistors. As the
transistor heats, it opens causing it to cease func
tioning. Cooling spray is the best way to find
thermal intermittents. Also, watch for poor con
nections, faulty solder connections and grounds.

Fig. 6-32. Simple vertical sig
nal injector. (A low voltage ac
supply within the set may be
used if available.)

Use Charts 6-5 through 6-7 to troubleshoot the
vertical oscillator. They may leak, effectively low
ering the capacity, or a parallel connected capaci
tor may open causing the total circuit capacitance
to decrease.
In the case of a slow oscillator where the time
constant of the feedback (frequency determining)
components has lengthened look for components
increased in value. Resistors normally increase
in value when defective so they should be tested
first. It is impossible for a capacitor to increase
in capacitance since this would necessitate plate
area increase, different type of dielectric, or closer
spacing of the plates. But capacitors in series do
short making the total circuit capacitance greater.
TROUBLESHOOTING VERTICAL
OUTPUT CIRCUITS

Symptoms caused by defects in the vertical out
put circuits are:
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1. No vertical deflection
2. Vertical foldover (Fig. 6-33)
3. Decreased vertical size (Fig. 6-34)
4. Vertical nonlinearity (Figs. 6-20 and 6-22)
5. Keystoning (Fig. 6-35)

plitude or shape. Use Charts 6-8 through 6-12 to
troubleshoot the vertical output.
Chart 6-7. Vertical Jitter
i
CONFINE THE FAULT TO THE
OSCILLATOR DISABLE THE
OSCILLATOR BY REMOVING THE
TRANSISTOR OR BREAKING THE
FEEDBACK PATH SCOPE SYNC
SEPARATOR OUTPUT FOR JITTER

Troubleshooting the vertical output circuits
may be carried out with signal injection or signal
tracing. For most of the symptoms given above,
the oscilloscope is the most useful tool because
most of the problems deal with incorrect pulse am2

INJECT A SIGNAL INTO THE
STAGE FOLLOWING THE OSCILLATOR
JITTER DISAPPEARS
JITTER CONTINUES

4

3
PROBLEM IS IN THE OSCILLATOR
USUALLY A FEEDBACK CAPACITOR
OR TRANSISTOR REPLACE TRANSISTOR

TROUBLESHOOT STAGES
FOLLOWING THE OSCILLATOR

STILL JITTERS
5
REPLACE FEEDBACK COMPONENTS
ONE AT A TIME*
*|F THE SYMPTOM APPEARS WHEN THE SET HEATS UP SPRAY THE FEEDBACK COMPONENTS
WITH A FREEZE SPRAY IF JITTER STOPS AS A COMPONENT IS SPRAYED REPLACE
THAT COMPONENT

Fig. 6-33. Vertical foldover.
Chart 6-6. Loss of Vertical Sync
i

CONFINE THE FAULT TO THE
OSCILLATOR BY TESTING FOR
HOLO CONTROL EFFECT ON
OSCILLATOR FREQUENCY

I

2

3
TEST B > SUPPLY

BAD

MEASURE B+ (WHICH IS ALMOST NEVER
A CAUSE Of LOSS OF SYNCl

Fig. 6-34. Decreased vertical size.

GOOD

4
TEST THE FREQUENCY DETERMINING
COMPONENTS IN THE FEEDBACK LINE
AND THOSE COMPONENTS CLUSTERED
AROUND THE VERTICAL HOLD CONTROL*

I BAD

5
REPLACE

* IF THE PICTURE ROLLS UPWARD THE OSCILLATOR IS RUNNING TOO SLOW IF IT
ROLLS DOWNWARD THE OSCILLATOR IS RUNNING TOO FAST FAILURES WHICH
SHORTEN THE TIME CONSTANT CAUSE A SPEEDY OSCILLATOR FAILURES WHICH
LENGTHEN THE TIME CONSTANT CAUSE A SLOW OSCILLATOR TO SHORTEN A
TIME CONSTANT THE CAPACITOR MUST DECREASE IN VALUE OR THE ASSOCIATED
RESISTANCES MUST DECREASE IN RESISTANCE
SINCE RESISTORS RARELY
DECREASE IN VALUE THE DIFFICULTY IS USUALLY A CAPACITOR

With this symptom the receiver is out of sync with the station,
and the vertical hold control does not have enough range to
cause the vertical oscillator to lock in to the broadcast picture.
The hold control does have some control over the vertical roll
speed. By adjusting the vertical hold control, the vertical roll
speed can be seen to change. This change indicates the oscil
lator to be operating, but at the wrong frequency.

Fig. 6-35. Keystone picture.
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Chart 6-8. No Vertical Deflection

Chart 6-9. Vertical Foldover (Severe Nonlinearity)

i

i

CHECK B+ AT OUTPUTS

ISOLATE THE DEFECTIVE STAGE FOLDOVER
CAN BE CAUSED BY ALMOST ANY OF THE VER
TICAL CIRCUITS SIGNAL INJECTION BY AN
ANALYST IS THE BEST WAY TO FIND THE
DEFECT WAVEFORMS AND DC VOLTAGES MAY
SEEM ALMOST NORMAL AND NONLINEARITY
STILL EXIST ADJUST LINEARITY AND HEIGHT.
INJECT VERTICAL SIGNAL INTO EACH CIRCUIT
STARTING AT THE OUTPUT WHEN THE NON
LINEARITY SHOWS UP CHECK THAT CIRCUIT

BAD

2

GOOD

TEST B+ SUPPLY

3

GOOD DRIVD
NO DEFLECTION

CHECK DRIVE SIGNAL AT INPUT
TO THE OUTPUT CIRCUIT OR
INJECT SIGNAL AT THAT POINT
AND WATCH FOR DEFLECTION
BAD DRIVE/
GOOD DEFLECTION

4
TEST TRANSISTORS

PROBLEM PREVIOUS TO
OUTPUT CIRCUIT
CHECK DRIVER. OSCILLATOR
FEEDBACK PATH. ETC

GOOD

REPLACE

IF NO STAGE CAN BE IDENTIFIED AS FAULTY
REPLACE THE OUTPUT TRANSISTORS. ADJUST
LINEARITY AND HEIGHT

5

BAD

6

2

FOLDOVER
REPAIRED

NO CHANGE

4

7

3
TEST COMPONENTS IN THE
LINEARITY CONTROL
VICINITY

CHECK VERTICAL YOKE CAPACITOR
lC622 IN FIG 6 24 C318 IN FIG 6 26
AND C3ll IN FIG 6 28 )

REPLACE TRANSISTORS
FOR PERMANENT USE
GOOD

BAD

BAD

5

8
REPLACE

6
REPLACE

GOOD

9

TEST DRIVER. INVERTER AND
CROSS OVER TRANSISTORS
BY REPLACEMENT*

BAD

7

CHECK YOKE

BAD

*THESE ARE ACTIVE COMPONENTS AND ACCORDING TO OUR METHOD OF REPLAC
ING THE MOST LIKELY TO FAIL COMPONENTS FIRST THIS APPEARS INCORRECT
HOWEVER. THE LINEARITY CONTROL AND COMPONENTS ATTACHED TO IT FOR
WAVESHAPING PURPOSES HAVE MORE DIRECT CONTROL ON THE WAVEFORM AND
ARE MORE LIKELY TO CAUSE FOLDOVER THAN THESE TRANSISTORS BECAUSE OF
THE NATURE OF THE DEFECT IT IS OFTEN THE MOST DIFFICULT VERTICAL PRO
BLEM TO FIND AND OFTEN IS A MATTER OF REPLACING COMPONENTS ONE AT A
TIME UNTIL THE FAULTY ONE IS FOUND

GOOD

10

11

REPLACE

CHECK ALL BIAS COMPONENTS

BAD
12
REPLACE
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Chart 6-10. Decreased Vertical Size

Chart 6-11. Vertical Nonlinearity
i

i
ADJUST HEIGHT AND LINEARITY
CONTROL FOR BEST ADJUSTMENT

CHECK HEIGHT ANO LINEARITY
CONTROLS FOR PROPER RANGE ANO
OPERATION

NONLINEARITY UNAFFECTED
2
TEST B+ ANO CIRCUIT WAVEFORMS
THIS DOES NOT ALWAYS PINPOINT
THE DEFECTIVE STAGE ESPECIALLY
IF THE VERTICAL SCAN ALMOST
FILLS THE SCREEN

2

CHECK 8+ VOLTAGES TO LINEARITY
ANO HEIGHT CONTROL CIRCUITS

BAD

GOOD

BAD

GOOD

3

REPLACE OUTPUT TRANSISTORS
ANO YOKE COUPLING CAPACITOR

TROUBLESHOOT B*
SUPPLIES

CHECK CONTROLS AND
ATTACHED COMPONENTS

3

TROUBLESHOOT B+
OR INDICATED DEFECTIVE
STAGE

GOOD

BAD
6

CORRECT SIZE ACHIEVED

CORRECT SIZE NOT
ACHIEVED

REPLACE OUTPUT TRANSISTORS

5

REPLACE

5
REPLACE OUTPUT TRANSISTORS
FOR PERMANENT USE

NONLINEARITY DEFECT
REPAIRED

NONLINEARITY UNAFFECTED

6

CHECK YOKE. OUTPUT TRANSISTOR
BIASING COMPONENTS. OTHER
TRANSISTORS. WAVESHAPING
COMPONENTS IN LINEARITY
CORRECTION FEEDBACK PATH
IN ORDER GIVEN

BAD

GOOD

8

7
TEST LINEARITY CONTROL.
COMPONENTS ATTACHED TO
IT AND VOLTAGE APPLIED
TO IT

71

8

TEST COMPONENTS AROUND
(ANO INCLUDING) THE
HEIGHT CONTROL

REPLACE

BAD

9
REPLACE

9

GOOD

REPLACE

10

TEST YOKE. ANO ANY OF
THE COUPLING COMPONENTS
BETWEEN STAGES ALSO
TEST ANY WAVESHAPING
COMPONENTS IN THE
FEEDBACK CIRCUIT USED
TO INCREASE LINEARITY

Chart 6-12. Keystoning
i
■

CHECK YOKE FOR SHORTEO
TURNS

GOOD
BAD

3
CHECK COMPONENTS CONNECTED
ACROSS YOKE WINDINGS

2

REPLACE

BAD

REPLACE
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REPLACE TRANSISTORS FOR
PERMANENT USE

Chapter “7

T oners
Two tuners are found in the modern solid-state
monochrome television receiver—one for vhf
(very high frequency) and one for uhf (ultra high
frequency). The vhf tuner is for Channels 2
through 13 covering frequencies from 54 to 216
MHz. The uhf tuner covers frequencies of 470 to
890 MHz for Channels 14 through 83. The broad
cast frequency for each channel actually spans a
6 MHz “channel” of frequencies. Frequencies for
each vhf and uhf channel are shown in Fig. 7-1.
Referring to the block diagram in Fig. 7-2, the
vhf tuner input is the rf (radio-frequency) signal
from the antenna. The tuner input circuit is
tuned to the 6 MHz band of frequencies repre
senting the selected channel. This selection of fre
quencies to be received is done, of course, by the
channel selector knob on front of the receiver.
The frequencies representing this channel are
amplified by the rf amplifier and coupled to the
mixer stage. In the mixer the received frequencies
are mixed with a frequency produced by an oscil
lator. The result is an if (intermediate frequency)
which is the difference between the two mixed
frequencies.
Within the 6 MHz band of frequencies are the
audio and video frequencies. For example, Channel
SOUND l-F

4 audio is 71.75 MHz and the video is 67.25 MHz,
a difference of 4.5 MHz. The internal oscillator
produces a frequency of 113 MHz when the set is
tuned to Channel 4 so a difference of 45.75 MHz
is created by mixing the picture carrier frequency
of Channel 4 with the 113 MHz oscillator fre
quency. This 45.75 MHz frequency is the video if
frequency and it is the same for all incoming se
lected channels. If Channel 5 were selected, a new
oscillator frequency would simultaneously be se
lected by the channel select knob and the difference
between the Channel 5 carrier and the oscillator
frequency would again be 45.75 MHz. This action
holds true for all channels. It is also true for the
audio signal which is mixed with the same oscil
lator frequency. The result of this mixing is the
output if frequency of 41.25 MHz—the sound if
carrier frequency. So, the tuner output is a 6 MHz
wide band of frequencies including the sound if
carrier, video if carrier, and the video and sound
sidebands as seen in Fig. 7-3.
The uhf tuner, as illustrated in Fig. 7-2, con
sists of a diode mixer and an oscillator. The in
coming channel is selected by tuned circuits as in
the vhf tuner, then applied to the mixer along
with an oscillator-produced frequency. Again, the
SOUND
DET

AUDIO
AMPLIFIER

VIDEO
DETECTOR

VIDEO
AMPLIFIER

SPEAKER

ANTENNA

|
AMPLIFIER

I

I.
PICTURE
TUBE

ACC

LV
POWER
SUPPLY

YOKE

AFC

T
HORIZ
OSCILLATOR

SYNC
SEPARATOR

VERTICAL
SWEEP

]___ [
HORIZ
OUTPUT

113

HV
POWER
SUPPLY
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Channel
No.

Freq.
Limits

Channel
No.

54
P
S
P
S
P
S

55.25
59.75
61.25
65 75
67 25
71.75

P
S
P
S

77.25
81 75
83.25
87.75

P
S
P
S
P
S
P
S
P
S
P
S
P
S

175 25
179.75
181.25
185 75
187.25
191 75
193.25
197.75
19925
203.75
205.25
209 75
211.25
215.75

P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S

471.25
475.75
477.25
481.75
483.25
487.75
489.25
493.75
495.25
499.75
501.25
505.75
507.25
511.75
513.25
517.75
519.25
523.75
525.25
529.75
531.25
535.75
537.25
541.75
543.25
547.75
549.25
553.75

2
3
4

60
66
72

76

5
6

82

88

174

7
8
9
10
11
12
13

180
186
192

198
204

210

216
470

14
15
16
17
18
19
20
21
22
23
24
25
26
27

476

482
488
494
500
506
512

518
524

530
536
542

548

554

Freq.
Limits

Channel
No.

554

P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S

555 25
559.75
561.25
565 75
567.25
571.75
573.25
577.75
579.25
583.75
585.25
589 75
591 25
595 75
597.25
601.75
603.25
607 75
609 25
613.75
615 25
619.75
621.25
625 75
627 25
631 75
633.25
637 75
639.25
643.75
645.25
649.75
651.25
655.75
657.25
661.75
663.25
667.75
669.25
673.75
675.25
679 75
681.25
685.75
687.25
691.75
693.25
697.75
699.25
703.75
705.25
709.75
711.25
715.75
717.25
721.75
723.25
727.75

P = Picture Carrier Freq. S

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
53
54
55
56

560

_ 566
572

578
584
590

596
602

608

614
620
626

632
638
644

650
656
662

668
674

680
686
692
698
704
710

716

Freq
Limits

728

P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S
P
S

729.25
733.75
735.25
739 75
741 25
745.75
747 25
751.75
753.25
757.75
759 25
763.75
765.25
769.75
771 25
775 75
777.25
781 75
783.25
787.75
789 25
793.75
795 25
799 75
801.25
805.75
807 25
811.75
813 25
817 75
819.25
823.75
825 25
829.75
831.25
835.75
837.25
841.75
843.25
847,75
849.25
853.75
855.25
859.75
861.25
865.75
867.25
871.75
873.25
877.75
879.25
883.75
885.25
889.75

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

734

740
746
752

758
764
770

776

782
788

794
800
806
812
818
824
830
836

842
848
854
860

866
872
878
884

890

722

728

Sound Carrier Freq. All frequencies in MHz

Fig. 7-1. Television channel frequency spectrum.
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ANTENNA

/
AGC

RF
AMPLIFIER

T

J)------COAXIAL CABLE

MIXER
IF
OUTPUT

i
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j

Fig. 7-2. Functional block dia
gram of a monochrome televi
sion tuner system.

VHF
TUNER

OSCILLATOR

B+

J

L
COXIAL
CABLE

UHF IF
OUTPUT

ANTENNA

2

1
DIODE
MIXER

OSC

B*

UHF TUNER
I

output is the if frequencies but this time instead
of coupling these signals directly into the if ampli
fier stage they are applied to the rf amplifier or
mixer stage of the vhf tuner. The vhf oscillator
is disabled during uhf reception so the vhf tuner
functions as an if amplifier circuit.
The vhf tuner is usually found to be one of two
types. The turret type is shown in Fig. 7-4, while
the rotary switch type is shown in Fig. 7-5. They
are shown here as found in printed service litera
ture showing parts placement and layout. The tur
ret type uses plastic or ceramic strips which serve
as coil forms for the several coils necessary to
tune each channel. Each channel requires one
strip, which has coils for tuning the rf amplifier,
mixer and oscillator circuits, to the channel being
received. As the selector knob is turned, another
coil strip makes contact with stator bar spring
contacts as shown in Fig. 7-6. In the uhf position
B+ voltage is removed from the vhf oscillator and

LOWER
VIDEO
SIDEBAND

PICTURE
CARRIER
45.75 MHz

the rf and/or mixer circuits are tuned to the if
frequency.
The rotary switch tuner has rotary wafer
switches for each tuner stage. Each wafer has con
tacts for the 12 vhf channels and one position for
uhf operation. All the switch wafers are ganged
on a single shaft that extends out of the front of
the tuner for channel selection.
FINE TUNING

Fine tuning is carried out by tuning the oscil
lator frequency slightly so the video if frequency
is precisely 45.75 MHz. The usual method of
manual fine tuning is to push in the fine-tune knob
to engage a plastic gear that turns a small slug
in and out of the oscillator coil causing it to change
frequencies. When the oscillator is perfectly tuned
the if frequency is correct for passage through the
if stages and the best picture results.
THE VHF TUNER

COLOR CENTER
FREQUENCY
42.17 MHZ

UPPER
VIDEO
SIDEBAND

SOUND
CARRIER
41.25 MHZ

The primary function of the rf (radio fre
quency) amplifier is to provide enough rf signal
into the mixer for a clean snow-free picture. Noise
generated in the tuner and if circuits produces
“snow” on the screen. The mixer circuit produces
most of this snow which is in turn amplified by the
if circuits. If there is enough signal into the mixer
the signal-to-noise ratio will be great enough to
produce a picture virtually free of snow. A snow-

COLOR INFORMATION IS
BROADCAST IN THIS
PART OF THE 6 MHz BAND

----- (-----

-4.5 MHZ------------------------------------6 MHZ BANDWIDTH-

Fig. 7-3. Frequency spectrum for the 6 MHz if bandwidth.
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340251-1T& -2T VHF TUNER

Fig. 7-4. Turret-type vhf tuner.

23

REF.

1-13
15
16
17

18
19
20
21

22
23

DESCRIPTION
STRIPS
"C" RING
GEAR SCREW
SHAFT RETAINER & DETENT SPRING
BEARING PLATE
LEVER
RETAINER CLIP
SPRING
CLUSTER GEAR

REF.
24

25
27
28
01
Q2
Q3

15

25

DESCRIPTION
OUTPUT COIL ASSEMBLY
INDEX SHAFT
BALUN ASSEMBLY
RETAINER CLIP
TRANSISTOR. RFAMP
TRANSISTOR. MIXER
TRANSISTOR. OSCILLATOR
COVER
WAFER SWITCH ( - IT ONLY)

FINE TUNING SHAFT &GEAR

free picture requires a signal-to-noise ratio of
about 30 to 1. If a picture has excessive noise, the
problem is either a weak antenna signal or an rf
amplifier which is not amplifying as it should.
The rf amplifier provides isolation between the
tuner oscillator and the antenna. If the oscillator
were to become coupled to the antenna a minia
ture broadcast station would be the result, causing
interference in the surrounding sets. That inter
ference appearing on the screen of another set
would look like cw (continuous wave) broadcast
station interference, producing diagonal lines in
the picture. The rf amplifier serves as a “buffer”
between the oscillator and the antenna. It might be
mentioned that the FCC places strict limits on the
amount of radiated signal allowable from tv, fm,
and other receivers.
The rf amplifier in Fig. 7-7 is an npn transistor,
QI. The input circuit to the base of QI is tuned by
switching in coils, such as shown between spring
terminals B2, B2A, and B3. The collector circuit
of QI is tuned by the coil switched to terminals

B4 and B5, and coupled to the base of Q2, the
mixer, which is tuned by the coil at terminals B5A
and B6. At the same setting of the channel selector
the oscillator, Q3, is tuned by the coil at terminals
B7 and B8. Tuner if output is selected and tuned
by transformer Tl. Note that when uhf is se
lected, coils are connected to terminals Bl and B2,
B4 and B5, and B5A and B6 to tune the tuner to
45.75 MHz (if frequency). Shorting strips are
connected to terminals B2A and B3 to ground the
vhf antenna input to suppress interference, and
to B8 and B8A which switches the B+ voltage
from the +12 volt terminal to the uhf B+ terminal.
So when the vhf tuner is switched to uhf, B+ for
the uhf tuner is applied to that tuner from inside
the vhf unit. This is sometimes done by a wafer
switch mounted on the rear of the vhf tuner. Note,
too, that as this B+ switch is moved between
terminals B8 and B8A, the coil between B7 and B8
is removed disabling the oscillator.
Tuner rf amplification is controlled by age
(automatic gain control) voltage coupled to the
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TRANSFORMER-! F
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»» LOCKWASHER

(H)----- »
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ASSEMBLY
SLIDE BRACK!

MSCREW
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COLLECTOR WAFER

MLOCKWASHER

®
ASSEMBLY
OSCILLATOR WAFER

®---+

ASSEMBLY
DRIVE PARTS
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M SCREW

M)

FINE TUNING
SLEEVE BBOOT

~(■?)
MCOVER
NOTES
I M - ITEM NOT STOCKED

Fig. 7-5. Rotary or wafer switch vhf tuner.

base of QI through Rl. As signal strength nears
the level which would cause QI to be overdriven,
age voltage is fed back from the video circuit to
cause the transistor to decrease its gain. There are
two methods to cause the rf amplifier to decrease
its gain. One is to reverse bias the transistor and
the other is to drive it into saturation. Either
method will cause it to have a lowered gain. In
Fig. 7-7 where the transistor is an npn, reverse
bias would have to be caused by a negative age
voltage. Saturation of QI would require a positive
bias voltage. In this circuit, saturation age is used

and the age bias voltage will vary from +2.5 to
+3.5 volts.
The oscillator coil connected between terminals
B7 and B8 is adjustable and serves as the fine tun
ing adjustment. Fine tuning is of the “memory”
type meaning that each oscillator coil switched
into the circuit has a slug which is adjustable for
correct oscillator output frequency. Each channel
can be tuned and its associated oscillator slug pre
set. In older receivers one adjustable coil was
connected in the oscillator coil circuit and it had
to be retuned for each channel, as the channel was
selected. The output of oscillator Q3 is coupled to
the collector of the mixer, Q2, while the rf input
to the mixer is to its base. The output frequency
selected for the if is tuned by T1 and the associated
stray capacitance provided by lead to chassis and
component to chassis capacitance.
In Fig. 7-7 the assembly identified as CR1
contains an fm trap to reject commercial fm
broadcast signals which cause interference. Also
contained in CR1 is a high pass filter to pass fre
quencies of Channel 2 and above and reject fre
quencies below Channel 2, to keep out interfering
signals from business band, citizens band, and
ham band broadcasts. These circuits are often
called the preselector because they select the cor
rect signals and reject those outside of the tv chan-

TUNING SCREW/GEAR
140378

<St>

DETENT SPRING
121266 \
SHAFT MAIN TUNING
LESS TUNING STRIPS
145224

.TURRET ^3

INDEX KEYING
HOLE-CHANNEL 1

CUP
131281

SHAFTFINE TUNING
135226

BASE

SPRING
131546

CONTACT
SPRINGS
STATOR BAR

LEVER
145227

\

PINION GEAR 131525

C^CHTOSSURE

Fig. 7-6. Mechanical detail of the turret tuner showing
contact springs and stator bar.
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Fig. 7-7. A typical monochrome tv vhf tuner.

nel frequencies. Its input impedance is usually 300
ohms for black and white receivers to match the
impedance of the standard television antenna. By
matching the impedance between the antenna and
the receiver, lead-in line length is not critical as
it would otherwise be. In some more expensive sets
a 75 ohm matching circuit may be included in this
network for matching coaxial cable to the system
without the necessity of a separate matching
transformer, such as those often seen connected
to cable company outlets. These transformers
match the 300 ohm line to a 75 ohm line with
minimum loss of signal. Impedance matching is
necessary on signal lines, to estimate signal loss
and ghosting. Maximum power is transferred
from one circuit to another when the output im
pedance of the source is the same as the input
impedance of the load. A laboratory exercise con
tained in the SAM will prove this.

THE UHF TUNER

The uhf tuner in Fig. 7-8 is illustrated as seen
in the service literature. As usually shown, the
schematic diagram layout is practically identical
to the physical layout of the tuner. The diagram
is drawn this way for ease of showing inductors
L2, L3, and L8. They are “equivalent” inductors
and are actually heavy copper strips which act as
the small inductors needed at the high frequency
of uhf reception. Tuner cavities which would
otherwise be difficult to show schematically can be
easily represented on a diagram of this type.
The uhf tuner is much simpler in construction
than the vhf tuner because it uses continuous tun
ing rather than switched, “step” tuning. A multi
section variable capacitor is used to provide con
tinuous tuning as its shaft is rotated. In some sets
a “detent” system is used as in vhf tuners to cause
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uhf tuner.
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Tuners

the selector to click into place for channel selec
tion. When used, detent tuning only causes the
capacitor to be rotated in little “jumps” rather
than in a smooth, continuous rotation. Detent is
created by a mechanical means of causing the
tuner shaft to turn in steps or “clicks.” A simple
example of this is illustrated in Fig. 7-9 where a
spring is shown pressing against a bearing, which
in turn rides on a gear on the tuner shaft. As the
shaft is turned, the bearing slips into each gear
notch causing a click and the tuner shaft to be
held in that position. A fine tune knob is also
available in conjunction with detent tuning to al
low precise station tuning.
BALL BEARING PRESSED
INTO DETENTS BY
SPRING CAUSES TUNER
TO "CLICK" INTO POSITION

CONTROL
SHAFT

inductance L8 and Cll. Mixer output is coupled
to the if connector by coil L4.
Diode CR1, the mixer, is much different from
the vhf transistor mixer. Because of the nonlinear
conduction characteristics of the diode it becomes
an excellent mixer when two signals are applied
to it.
Antenna connections to the uhf tuner are usu
ally through a splitter circuit located either on the
300 OHM
UHF TERMS

300 OHM LEAD TO
VHF TUNER

r.'<

"LEAF"
SPRING

ii

/

T

7®
/

L
|Pv

UHF TUNER
KRK235

------- DETENT "GEAR "
"'CONCENTRIC FINE
TUNE SHAFT

VHF/UHF
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.i

300 OHM LEAD
TO ANT TERMINALS

FRONT OF TUNER
o

Fig. 7-9. Simple detent system.

rnrm

rnrm

TO VHF

The uhf circuitry is also simpler than vhf cir
cuitry as can be seen in the diagram of Fig. 7-8.
Monochrome uhf tuners often do not have rf am
plifiers but only a diode mixer and a transistor
oscillator, which is similar to the vhf oscillator.
The uhf oscillator operates at a much higher fre
quency since it must beat with signals in the
470 to 890 MHz range and produce a 45.75 MHz if
difference output. And as in the vhf tuner it pro
duces a continuous wave signal of 45.75 MHz
higher than the incoming rf signal.
In the circuit of Fig. 7-8 observe that the tuner
is divided into three compartments or cavities
identified by dotted lines. Each cavity corresponds
to a resonant transmission line. Equivalent in
ductances L2, L3, and L8 are tuned by variable
capacitor sections Cl, C2, and Cll. The capacitors
are ganged on a common shaft for simultaneous
tuning of the preselector, mixer, and oscillator cir
cuits.
The antenna signal input is coupled by LI to
L2 which is tuned to the desired channel by Cl.
Coupling from this preselector stage to L3 in the
mixer is provided by a “window” in the cavity
wall marked “M” in Fig. 7-8 (for mutual cou
pling). Inductance L3 and variable capacitance C2
tune the mixer to the selected channel frequency.
Diode CR1 is the mixer. The local oscillator signal
input is coupled to CR1 via L6, C12, and feedthrough capacitor C3. Oscillator QI is tuned by

<>
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rwrm
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,v~
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■o
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TO
ANTENNA

Fig. 7-10. Uhf-vhf signal splitter.

antenna terminal plate on the rear of the receiver,
or on the vhf-uhf assembly as shown in Fig. 7-10.
The splitter is tuned to receive the high uhf fre
quencies and has blocking capacitors to isolate
the antenna from the chassis—a safety factor dis
cussed in Chapter 1.
OTHER TUNER COMPONENTS
AND CIRCUITS

As most homes have color receivers, black and
white televisions are manufactured primarily as
SIGNAL
SOURCEO

I
-

I

TUNING
VOLTAGE
SOURCE

Fig. 7-11. Simplified varactor tuning circuit
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“second” sets. For this reason they are made to be
sold at the lowest possible price and as a result
of this manufacturing policy most do not, at this
time, contain the more refined circuits found in
color sets. However, as manufacturing processes
become more automated and components more
inexpensive there is always the possibility that
these systems find their way into a greater number
of monochrome receivers.

D5, and D7 in Figs. 7-12A and 7-12B. When a
negative voltage is applied to input No. 1 in Fig.
7-12A these diodes are reverse biased and become
as open circuits. As open circuits, all the capaci
tance and inductance in their circuits are part of
the respective resonant circuits. However, when a
positive voltage is applied to point No. 1 the diodes
act as shorts and part of these resonant circuits,
as illustrated in Fig. 7-12C, are shorted out. With
part of the capacitance or inductance shorted out
of the circuit the resonant frequency is higher
and the vhf high band is tuned.
Note in the tuner of Fig. 7-12A that there are
two B+ voltage inputs. One of these is for the
mixer and remains on to keep the mixer operating
during uhf reception when the mixer serves as an
if amplifier. The other B-+- supply is removed from
the tuner when it is switched to uhf to disable the
rf amplifier and oscillator. Varactor tuned uhf
tuners as shown in Figs. 7-13A and 7-13B operate
in the same manner as the vhf varactor unit. In
Fig. 7-13A, diodes DI, D2, and D3 tune the system
with their tuning voltages being applied from
source through resistors R5, R6, and R7, and in
ductors LI, L2, and L3. No diode switches are
necessary since the circuits used can operate over
the entire uhf spectrum. The age is applied to the
mixer rather than the rf amplifier, but the opera
tion is the same. The tuner shown in simplified
form in Fig. 7-13B is similar to the tuner in Fig.
7-13A. However, in this tuner, the age voltage is
applied to the rf amplifier base.

VARACTOR TUNING CIRCUITS

Because of the nature of the color signal, switch
contacts in color tuners have always created prob
lems. As the contacts wear and collect dirt, the
resulting high resistance causes poor color recep
tion. So designers have developed a purely elec
tronic method of tuning. It uses a device called
a variable capacitance diode or varactor. This di
ode is reverse biased pulling its carriers away
from the pn junction. The carriers act as con
ductors and when separated from each other by
the insulating qualities of the reverse biased junc
tion the diode behaves like a capacitor. As more
reverse bias is applied to the diode, the carriers
are pulled farther apart, and less capacitance is
produced, and vice versa. Thus, a variable capaci
tor is provided when the diode is biased by a
variable voltage supply.
Fig. 7-11 is a simplified varactor tuning circuit.
In tuner use, as the channel selector is tuned, a
different preselected voltage is applied to the
diode—this causes it to tune the circuit to the
channel selected. Fine tuning is the fine adjust
ment of the applied voltage by a potentiometer.
The tuner shown in Fig. 7-12A is a varactor con
trolled vhf tuner from a black and white receiver.
Fig. 7-12B is a simplified schematic of the same
type tuner.
Tuning of the four tuner circuits (antenna, rf,
mixer, and oscillator) is done by varying the
voltage to a varactor diode in each circuit. These
diodes are D3, D4, and D8 in Figs. 7-12A and
7-12B. In addition to the tuning varactors it is
necessary to employ band switching in a varactor
tuner, because varactors do not have the capaci
tance range to tune the entire vhf band. So addi
tional inductance or capacitance is switched into
the resonant circuits (Chapter 4) to make them
resonant at the low vhf channel frequencies
(Channels 2-6) and switched out of the circuits
to make them resonant at the high vhf freouencies
(Channels 7-13). To accomplish this additional
switching diodes (not varactors) are used as
shown in Fig. 7-12C. These diodes are DI, D2,

AUTOMATIC FINE TUNING (AFT)

The aft is a necessity in color receivers because
tuning must be more precise to correctly tune in
color as well as sound and video. Since mono
chrome sets are not concerned with the color
signal, tuning is not so critical. The aft, though
found on a few, is not necessary on the black and
white receiver.
In operation, aft circuits sense the tuner output
frequency. If it deviates from 45.75 MHz a cor
rection voltage is produced and applied to the os
cillator causing it to change frequency. This
brings the tuner if output frequency in line with
the if amplifier tuning at 45.75 MHz. The system is
reminiscent of the horizontal afc circuit from
Chapter 4.
Though the circuit shown in Fig. 7-14 is of a
uhf tuner, the manner in which aft is achieved
is identical to that of the vhf tuner. The uhf tuner
is used in this example because of its “unclut
tered” nature. Varactor diode CR2 is connected
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current control. An FET is constructed somewhat
as drawn in Fig. 7-15. The power source is con
nected between the drain and source (which can
usually be interchanged) and current flow is de
pendent on the number of current carriers in the
channel. By supplying the gate with a reverse
bias voltage carriers moving from source to drain
are “restricted” or cut off. Control is maintained
by controlling the gate reverse bias voltage.
Several types of FETs are available. It is sug
gested that for a more comprehensive knowledge
of FETs that a text concerning solid-state com
ponents be consulted. The device shown in Fig.
7-15 is a junction FET meaning that the gate to
channel fusion creates a junction just as any fu
sion between p and n materials. A MOSFET or,
Metal Oxide Semiconductor FET, does not have
this junction. Rather than have the gate material
diffuse into the channel, a layer of insulation is
placed between the two materials. This insulation
is on the order of “microns” thick and easily rup
tured by static charges and over-voltage. If a
MOSFET must be replaced follow these instruc
tions exactly:
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Flfl. 7-14. Monochrome television aft circuit.

to the L6, C1C, C8, and CR2 resonant circuit.
Capacitor C8 isolates the low impedance, L6, cir
cuit from the afc control voltage. When control
voltage is applied to the diode, oscillator frequency
is changed as the capacitance of CR2 changes.
Vhf aft operates in the same manner.
Color receivers employ age on uhf tuners as well
as on vhf tuners. But most black and white re
ceivers do not have uhf tuners that are complex
enough to have age. The age is normally used to
control the amplification of the rf amplifier but
can be used to control any amplifier, such as the
mixer amplifier in Fig. 7-13A. Regardless of where
age is used its action is the same as explained
previously for vhf tuners.

1. Do not touch the MOSFET unless well
grounded. You may ground yourself through
a 1 megohm resistor. Do not ground yourself
directly—if you do so and come into contact
with a hot chassis, severe shock can result.
Failure to be grounded while handling a
MOSFET may allow the static electrical
build-up on your body to puncture the metal
oxide insulation between the gate and chan
nel.
2. Do not cut the leads of the MOSFET unless
absolutely necessary and if necessary use
“shear”-type cutters—most wire cutters are
the “pincher” type. The reason for this is to
prevent shock waves from the cut from trav
eling into the metal oxide insulation and rup
turing it.
3. Most MOSFETs come with the leads shorted.
Do not remove the short until the device is
permanently in place in the circuit.

FIELD EFFECT TRANSISTORS
Field effect transistors are sometimes found
used as rf amplifiers in the vhf tuner. Basic cir
cuitry of the tuner remains the same, however,
regardless of the type of transistor used. The FET
behaves more like a vacuum tube than the con
ventional bipolar transistor. The FET has a high
input impedance and is voltage controlled, whereas
the bipolar transistor has a low impedance input
and requires current on the base for collector
DEPLETION ZONE
CREATED BY REVERSE
BIAS GATE VOLTAGE
RESTRICTS CHANNEL
CONDUCTION

Flfl. 7-15. Field effect tran
sistor (FET).

G

N-CHANNEL
P-CHANNEL
JUNCTIONFET (JFETI
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4. Do not use a soldering gun on a MOSFET—
always use a grounded soldering iron.
TROUBLESHOOTING VHF TUNERS

cised in de-soldering on the tuner. Feedthrough
capacitors, such as C5 and C7 in Fig. 7-8, are
easily broken or destroyed by excessive heat. Also,
when removing a tuner be sure to draw a diagram

Symptoms caused by defective vhf tuners are:
1. Switch problems—dirty contacts, weak con
tact springs, etc.
2. Snow
3. Good raster—no sound or picture

1

Other circuits can cause the same symptoms,
specifically the if amplifiers and the age circuit.
Before deciding that the tuner is faulty, adjust the
age control. If the picture comes back it was
misadjusted. If the age has no effect, return the

UHF
TUNER

'®

ON-OFF

DISCONNECT TUNER LINK
AND FEED IN IF SIGNAL
FROM TUNER SUB OR
ANALYST.

Fig. 7-17. Uhf/vhf tuner “module.”

showing exactly how each wire was removed.
Failure to do this may cause a lot of unhappiness
when the tuner is to be replaced and you’ve forgot
ten how it was wired.

TUNER
SUB
VHF
TUNER

1ST IF

Poor Fine Tuning of Uhf

COAXIAL
TUNER LINE
(DISCONNECTION)

Poor fine tuning ability is usually caused by
clutch slippage in the tuner drive system, and can
be eliminated by cleaning and proper lubrication.
Be careful not to lubricate any friction drive sur
faces.

Fig. 7-16. Tuner substitution.

control back to its original setting and substitute
the tuner with a tuner substitute!' (Fig. 7-16) or
an analyst with an if output. If the set produces
a picture when a substitute tuner is used the tuner
is most likely defective. Once the problem has been
confined to the tuner it may be repaired or shipped
to a tuner repair facility. Unless the proper equip
ment is available it is suggested that tuners be
shipped to a rebuilding firm. For the average re
pair shop, anything other than a simple transistor
or diode replacement should be left to the experts
at a rebuilding center.
Removal of the tuner is usually accomplished
by removal of the knobs and a few screws. Both
the vhf and uhf units are often removed as a
“module” as seen in Fig. 7-17. For ease of tuner
repair most manufacturers have designed the
tuner to be a plug-in module which is unplugged
from the chassis for removal. When sent off to be
rebuilt the individual tuner must be taken from
the assembly. For the vhf tuner this requires tak
ing antenna leads, B+, antenna, age, if, uhf B+,
and the uhf if link loose. The uhf tuner requires
only that the antenna leads, B+, and uhf/vhf
connecting link be taken off. Care should be exer-

Mechanical Problems

Typical mechanical troubles in vhf tuners are
intermittent contacts, dirty contacts, picture but
no sound, sound but no picture, some channels
cannot be received, and poor fine tuning. Inter
mittent and dirty contacts are usually manifested
by having to set the tuner “between channels” or
having to put some type of pressure on the selector
shaft to make the set receive a signal. Picture but
no sound, and vice versa, is caused in most cases
by dirty contacts as is the loss of some channels.
For all these defects the most usual cure is to
clean the tuner with a commercial spray cleaner.
Spray the cleaner onto the switch contacts while
briskly turning the channel selector knob so all
contacts are cleaned. In cases where contacts are
worn, it may be necessary to remove the turret,
“re-tension” the springs, and clean them with a
pencil eraser. If this is done be careful that the
many small coils do not become squeezed or
stretched. Changing their shape in any way
changes the tuning of that particular circuit.
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Chart 7-1. Troubleshooting Snowy Picture

Chart 7-2. Troubleshooting No Picture or SoundRaster Good
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form of snow the most likely circuit fault is the
mixer because it creates most of the snow pro
duced by the receiver circuitry (Chart 7-2).

Snow

Snow on the screen is an indication that the
mixer stage is working and that following circuits
are also operating. If the contrast control is
turned up the snow should increase (Chart 7-1).
If the volume is increased atmospheric noise
(hiss) should also increase. These tests indicate
that the mixer and all subsequent stages are oper
ating, and the most likely fault is a bad rf ampli
fier stage (if the antenna system is good !).

Poor Fine Tuning

Poor fine tuning causes the set to have distorted
sound with a good picture, good sound and a poor
picture, or may not have the proper range to tune
the picture and sound for full fidelity. The cause
may be slippage in the drive mechanism or a
broken gear. A good visual inspection will nor
mally locate the trouble. In some instances the
slug screw in the end of the coil form is screwed
out or the plastic threads strip or the form itself
breaks. For these defects the tuner must be sent to
a tuner rebuilder.

No Picture or Sound—Raster Good

This symptom usually indicates a defective os
cillator or mixer (assuming the antenna system
is good). If no noise is seen in the picture in the

Chart 7-3. Dead UHF Tuner
3

2

I

GOOD VHF - NO UHF
RECEPTION
MEASURE UHF BY

BAD

REMOVE B+ LEAD
FROM UHF TUNER
MEASURE AGAIN

BAD

TROUBLESHOOT
B+ SWITCH
IN VHF TUNER

GOOD
GOOD

6
REPLACE FOR
PERMANENT
USE

UHF 5
NORMAL

REPLACE
MIXER

TUNER SHORTED - CHECK
ANY CAPACITORS CONNECTED
BETWEEN B+ AND CASE 04 FIG. 714

NO
CHANGE
8

REPLACE FOR
PERMANENT
USE

UHF
NORMAL

1
REPLACE
OSCILLATOR

NO CHANGE
9

TEST CAPACITORS
AND RESISTORS
IN TUNER

BAD

10
REPLACE

12®

I

Tuners

Chart 7-4. Snowy Picture

Chart 7-5. Troubleshooting AFT Defects

i

CHECK ANTENNA COUPLING.
SPLITTER, ANO PRESELECTOR
NETWORKS FIGS 7 7 ANO 7 10

BAD

PROBLEM
PERSISTS

i

2

SUBSTITUTE TUNER

1

2
TROUBLESHOOT
IFS

REPLACE
SYMPTOM
DISAPPEARS

GOOD

3

INCORRECT/ 4
CHANGES

MEASURE/MONITOR
AR VOLTAGES

3
CHECK SIGNAL COUPLING
COMPONENTS INSIDE THE
TUNER 15 AND L4
IN FIGURE 8

BAD

REPLACE

TROUBLESHOOT
AR CIRCUIT

CORRECT OR
NO CHANGE

6
5

GOOD

REPLACE AH
VARACTOR

5

PROBLEM PERSISTS

CHANGE VOLTAGE
DIVIDER RESISTORS
IN AH TO TUNER
NETWORK

i
•jl

REPLACE MIXER DIODE

TROUBLESHOOTING UHF TUNERS

7-13. These tuners are identical to the vhf tuner
in function, having an rf amplifier and age.

When only the uhf tuner is defective the set will
continue its normal vhf operation. Symptoms of a
defective uhf tuner are (Chart 7-3) :

OTHER TUNER PROBLEMS (UHF AND VHF)
Symptoms created by defects in aft circuits
(Chart 7-5) are as follows:
1. Station won’t fine tune
2. Station tuning “drifts”

1. Dead—no uhf reception
2. Snowy picture (Chart 7-4)
3. Poor fine tuning

If station drift is present in varactor tuners moni
tor the varactor tuning supply voltage. If it drifts
check and replace any voltage regulation com
ponents (transistors and zeners) and series drop
ping resistors. If drift continues replace oscillator
varactor diode.

Note: Other symptoms that are the same as
those encountered with the vhf tuner may be
caused by the same type of defect. This is espe
cially true in uhf tuners such as shown in Fig.
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Chapter 8

intermediate Frequency
z^mpflifier Circuits
The intermediate frequency amplifier circuits
are wide band, tuned circuits. This means that
they are tuned to accept and amplify a band of
frequencies. The actual bandwidth will vary de
pending on the class of receiver. The purpose of
the if amplifiers is to produce a greatly amplified
output signal identical to the input from the
tuner mixer stage. This requires that they pass the
entire band of usable frequencies including audio
and video. The if’s must also “trap out” unwanted
frequencies such as the sound and video from ad
jacent channels, and after the sound is separated
from the video, additional traps ensure that no
sound information modulates the picture tube elec
tron beam. If sound does get to the crt, an inter
ference pattern such as that in Fig. 8-1 is pro
duced. The if’s are also gain controlled with their
amplification automatically altered by the age cir
cuit. Fig. 8-2 shows the relationship of the if and
age circuits. If the incoming signal is strong, the
age circuit develops a voltage which decreases the
if circuit gain. The opposite happens if the re
ceived signal level is low. In review, the if’s do the
following:
SOUND l-F

1. Amplify a selected band of frequencies in
cluding sound and video if carriers at 41.25
and 45.75 MHz, respectively.
2. “Trap” out unwanted frequencies such as
adjacent channel sound and video, and any

I
1

!i|

Fig. 8-1. Sound modulated video.
SOUND
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ANTENNA

IF
AMPLIFIERS

TUNER

VIDEO
DETECTOR

—H—

IF AGC
CONTROL
VOLTAGE

RF
AGC
CONTROL
VOLTAGE

AGC

BANDPASS IS THE FREQUENCY
SPREAD BETWEEN THE POINTS
ON A FREQUENCY CURVE AT
WHICH THE AMPLIFICATION IS
MORE THAN 70% OF THE
RESONANT FREQUENCY

TO
CRT

VIDEO
AMPLIFIERS

SAMPLE
SIGNAL

RESONANT
FREQUENCY

Flfl. 8-2. Age controls If amplification.

Fig. 8-4. Narrow bandwidth produced by most
resonant circuits.

residual sound signal to keep it from inter
fering with the picture presentation.
3. Provide gain—controlled by the age circuit.

Fig. 8-3 shows the band of frequencies passed
by the if circuitry referred to as the circuit band
pass. Note that like the tuner the if bandpass is
broad, covering approximately 6 MHz. Because
video signals extend only to about 3 MHz as illusi

i
i
i
i
i
i
ADJACENT |
CHANNEL |
rlomro ' S0UND ,F
CARRIER | CARRIER
I
I
/

MHz

VIDEO IF
CARR IER

\

CHANNEL
I SOUND if
I CARRIER

-3.08 MHz
UPPER VIDEO
LIMITS

I

I

4.5
MHZ

MHZ

\

[adjacent

42.17
MHz

I
I

39.75

44 MHZ
IF CENTER
FREQUENCY

A

\

2

(A) Overlapping response curves of three stagger-tuned
if circuits.

j
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i
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I
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/
\X /

41.25
MHz

(B) Overall response curve of the three stagger-tuned it's
in Fig. 8-5A.

47.25
MHz

Fig. 8-5. Stagger-tuned it’s create a broad bandwidth.

45.75
MHZ

quency so the resonant frequencies of each stage
overlap as shown in Fig. 8-5A. The overlapping of
tuned frequencies produces an overall circuit
bandpass, as seen in Fig. 8-5B. This manner of
tuning helps to define the limits of the bandpass.
The second way to limit the bandpass is to use
traps. Traps are tuned circuits which are nor
mally adjustable. Trap circuits may be series or
parallel resonant circuits such as those in Figs.
8-6 and 8-10D. A series tuned circuit has a low
impedance at its resonant, or tuned, frequency
while the parallel circuit has a high impedance

NOTE: IF BANDPASS WERE WIDER,
SOUND FROM T« NEXT
HIGHER CHANNEL OR VIDEO
FROM NEXT LOWER CHANNEL
WOULD BE ALLOWED TO PASS.
CAUSING INTERFERENCE

Fig. 8-3. If bandpass.

trated in Fig. 8-3 it is not essential that mono
chrome if bandwidth extend to the limits of the
6 MHz bandwidth. It is essential for color re
ceivers to do this, however—or color information
would be lost.
The if bandwidth is defined by two factors. The
first factor is the manner in which broad-band
tuned circuits are made. Most tuned (resonant)
circuits have relatively narrow band widths as
seen in Fig. 8-4. In order to achieve the necessary
if bandwidth these narrow band resonant circuits
are usually “stagger tuned.” Stagger tuning is ac
complished by tuning each stage to a different fre-

LOW OPPOSITION (IMPEDANCE)
AT RESONANT FREQUENCY

HIGH IMPEDANCE AT
RESONANT FREQUENCY

nrmn
If-

(A) Series.

(B) Parallel.

Fig. 8-6. Series and parallel resonant (tuned) circuits.
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When misaligned they can suck out part of the
sound or picture information of the channel being
received. Of course, they can also be mistuned so
that adjacent channel sound, adjacent channel
picture, and 4.5 MHz sound if causes interference.

at its resonant frequency. The series circuit, then,
will pass its resonant frequency and oppose all
others. The parallel circuit has the opposite effect.
The traps shown in Fig. 10D are good examples
of this. The series circuit consisting of Cl and LI
is tuned to 39.75 MHz, the adjacent channel video
if carrier. Being tuned to this frequency and being
a series tuned circuit, the adjacent channel video
if carrier is allowed to pass to ground while all
other frequencies pass on into the if amplifiers.
Note that the adjacent trap is tuned to 47.25 MHz,
which is the adjacent channel sound if carrier.
A parallel tuned circuit is represented in Fig.
8-10D by L9 and C. This circuit is a trap to im
pede the 4.5 MHz sound if from advancing into
the video circuits. Being a parallel resonant cir
cuit, it passes all but its resonant frequency (4.5
MHz) on into the video circuitry, and thus traps
out the sound.
The trap limits circuit bandpass when used as
shown in Fig. 8-7. When used to limit bandwidth
in this manner, the traps “suck out” unwanted fre
quencies such as the adjacent channel sound
(47.25 MHz), adjacent channel video (39.75
MHz), and 4.5 MHz sound if signals which may be
present. As mentioned, these traps are tunable.

ALIGNMENT

Alignment is the process of adjusting the traps
and other tuned circuits in the if stages to pass the
desired signals and reject unwanted ones. It is a
process which is difficult to perform correctly
and requires expensive precision equipment. The
equipment used may be similar to that shown in
Fig. 8-8 or may consist of more than one piece of
equipment. It is beyond the scope of this book to
go into detailed alignment procedures but a sample
PhotofacT® alignment guide is printed in Fig.
8-9. This guide explains how the if traps and band
pass transformers are typically aligned (tuned)
so that the correct bandwidth is achieved. A sweep
generator must be used, with another generator
used to provide “markers” or “blips” on the scope
trace at critical frequencies. These blips can be
seen on the scope traces in Fig. 8-9. By having
these frequencies identified on the trace the tech
nician can see if his curve includes the correct
frequencies and if certain frequencies are ampli
fied to the proper amplitude. A typical if response
curve will look like the one in Fig. 8-9B. Notice
the position of the various marker frequencies;
they are explained in Fig. 8-3.
While on the subject of tuned circuits and align
ment, it should be mentioned that the tuner link
coupling the tuner with the if’s is also tuned. If
it must be replaced be sure to replace it with the
same type of coax cable and use one of the same

RESPONSE
WITHOUT TRAPS

RESPONSE
WITH TRAPS

IF CIRCUIT
RESPONSE

TRAP RESPONSE
TRAP
SUCK-OUT

Fig. 8-7. Traps determine bandwidth.

’

„

'

Fig. 8-8. Television alignment
equipment. (Courtesy Sencore,
Inc.)
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TV ALIGNMENT INSTRUCTIONS

___________________________

Use an isolation transformer, or observe polarity, and maintain line voltage at 120VAC.
Allow a 20-minute warm-up period for receiver and test equipment.
Suggested Alignment Tools:
GC ELECTRONICS
L101, L102, L103, L104, L106, L107, L108,
9296, 9297, 9300
L201, L202, IF Output Coil (VHF Tuner) ...
PRELIMINARY INSTRUCTIONS

Set the channel selector to the highest unused channel. Set scope sweep to external. Connect scope
vertical input to scope vertical input on sweep/marker generator. Connect scope external horizontal
input to scope horizontal input on sweep/marker generator. Ground test equipment to TV chassis
unless specified otherwise. Use only enough generator output to provide a usable indication.
Note: Response may vary slightly from that shown.
Connect a +6 volt bias to TP12.
VIDEO IF ALIGNMENT

DIRECT PROBE
FROM SWEEP/MARKER
GENERATOR

SWEEP
GENERATOR
OUTPUT

MARKER
GENERATOR
FREQUENCY

REMARKS

To TP
on VHF tuner.

44MHz
(10MHz
Sweep)

41.25MHz
47.25MHz

Adjust L102 for MINIMUM.
Adjust L103 for MINIMUM.
See Fig.8-9A.

it

it

41.25MHz
42.17MHz
44.00MHz
4S.75MHz
47.25MHz

Adjust L101, L104, L106,
LI07, LI08 and IF Output Coil (VHF Tuner)
for maximum gain and symmetry of response

To TP13

ii

SWEEP
GENERATOR
FREQUENCY

L104 and L106 affec* 44.00MHz.

L107 and L108 affect 42.17MHz and
45.75MHz.

L101 and IF Output Coil (VHF Tuner)
affect overall response.
See Fig.8— 9B.

SOUND IF ALIGNMENT_______________
Tune in a station and adjust L202 for maximum sound. Reduce signal strength at the antenna
terminals until distortion appears, Continue to reduce the signal while aligning for undistorted
output by adjusting L201.

Fig. 8-9. A typical ifalignment guide.

1.
2.
3.
4.

length. There are tuned circuits at each end of the
link for tuning it for proper transmission of sig
nal from the tuner to the if.
IF AMPLIFIER CIRCUITS

Transistorized, capacitor coupled
Transistorized, inductance coupled
Hybrid (transistor and IC)
Integrated Circuit

The capacitor coupled circuit of Fig. 8-10A uses
capacitors (C104, C109, C113) to transfer the
signal from one stage to the other, hence the term
capacitor coupled. Because of this simple method
of coupling, alignment (tuning) to the correct

Block and schematic diagram representations
of typical monochrome tv if circuits are illus
trated in Fig. 8-10. The types of circuits shown
are:
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(B) Transistorized, inductance coupled it’s.
Fig. 8-10. Typical If circuits.
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frequencies is less complicated than most induc
tance coupled circuits. In this particular system
tuned circuits are used only at the input and out
put of the if. There are three trap adjustments
and one peaking adjustment at the input. The
output transformer, T101, has two peaking ad
justments. Peaking circuits are resonant circuits
which, because of the regenerative action of the
resonant circuit, cause the frequencies at which
they are resonant to be increased in amplitude.
Because of peaking circuits the higher if fre
quencies, which are usually attenuated by circuit
capacitance to ground, are brought back to normal
amplitude. An illustration of this is given in
Fig. 8-11.
HIGH FREQUENCY BOOST
CREATED BY PEAKING
CIRCUITS

/
SIGNAL
AMPLITUDE

HIGH FREQUENCY
ROLL-OFF

i
i
i

FREQUENCY

Fig. 8-11. Effects of peaking circuits on lowered high fre
quency response.

Another benefit from the use of capacitor cou
pling (sometimes called resistor-capacitor or RC
coupling) is that the transistor internal capaci
tances have little effect on circuit operation. This
eliminates the need for circuit neutralization and
minimizes tuning shifts as bias voltage changes.
It also means that when a transistor is replaced, if
alignment is not generally required.
Inductance coupled circuits such as Fig. 8-10B
use stagger tuning and each stage of amplification
is tuned. In this circuit L102 and L103 are traps
while other coils are adjusted for maximum gain
and bandpass curve shape as indicated by the
scope trace shown in Fig. 8-10B. Coils L104 and
L106 are basically tuned to 44 MHz and L107 and
L108 are tuned to 42.17 and 45.75 MHz, re
spectively.
Many present day receivers use hybrid if cir
cuits as shown in Fig. 8-10C. Here both an IC and
a discrete transistor are used for if amplification.
Tuning of this circuit is done on the input, be
tween the IC and transistor, and on the output.
Stagger tuning is again employed with T101 and
L104 tuned to 44 MHz and L105 tuned to 45.75
MHz. Coils L102 and L103 are traps and L104,
L105, and T101 are adjusted for maximum gain
and for curve shape.
More monochrome televisions are being found

16
fi

9
U—O.

5

PIN 1

f

INDICATOR---- O

3
u

1

u

u

u

8

(A) DIP (dual in-line plastic)
case—top view.

(B) Round package (top view).

Fig. 8-12. IC pin designations.

to contain a single IC if amplifier circuit. The
circuit shown in Fig. 8-10D is such a system. And
even though it contains a single IC it is still stag
ger tuned. Coils LI and L2 are the traps, L3 affects
44 MHz and 45.75 MHz, L4 affects bandpass curve
shape at 44 MHz and L6 affects 42.17 and 44 MHz.
Coils L3, L4, L5, and L6 are adjusted to give maxi
mum gain and correct curve shape.
When IC amplifier circuits are drawn in sche
matic form the IC is usually shown as a triangle
as in Fig. 8-10D. The input to the circuit is nor
mally to the left, flat end of the triangle. This is
pin 6 of the first portion of IC1 and pin 13 of the
second portion of IC1. The outputs are to the right
on the sharp point of the triangle or pins 9 and
19 in Fig. 8-10D. When looking at the IC itself,
the pin numbers are counted as shown in Fig. 8-12.
In transistor circuits the signal usually enters on
the base and is taken out on the collector. The if
amplifiers are almost always common emitter am
plifiers because they produce the most voltage gain
or amplification. In a circuit such as in Fig. 8-10A,
the signal enters the base of Q101, is amplified, and
taken from the collector of Q101. It is then trans
ferred or coupled by C109 to the base of Q102. The
second if amplifier, Q102, amplifies the signal ap
plied to it and couples the amplified if signal from
its collector via Cl 13 to the base of the third if
amplifier transistor, Q103. Final if signal amplifi
cation takes place in QI03 and the signal is cou
pled to the video detector stage via a final tuned
circuit consisting of T101 and C117. The signal
can be traced through any of the circuits in Fig.
8-10 in this manner.
IF AGC

Each of the circuits in Fig. 8-10 shows age con
trol. The age control voltage is applied to the base
of Q102 in Fig. 8-10A, to the base of TR11 in Fig.
8-10B, at pin 9 of IC101 in Fig. 8-10C, and is in
ternally connected in IC1 in Fig. 8-10D. Note in
Fig. 8-10D that the video signal used by the age
to determine signal strength is fed to pin 3 of
IC1 and age voltage is measured at pin 8. Yet
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there is no age connection shown between the two
sections of the IC. The if age system is inside IC1
and not available to the technician except at the
two points just mentioned.
The if age operates in the same way as does the
tuner rf age that was explained in Chapter 7. It
operates by driving the if transistor into satura
tion or toward cutoff. Either will cause the tran
sistor to decrease gain. Forward age drives the if
transistor toward saturation and reverse age
drives it toward cutoff. If an npn transistor is
used for the if amplifier, a positive going age volt
age applied to its base would produce forward age.
A negative going age voltage applied to the same
transistor base will produce reverse age. This is
so because an npn transistor requires a base volt
age that is more positive than its emitter to con
duct. A more negative voltage will turn off the
transistor. A high positive base voltage will cause
the transistor to saturate. The age circuit will be
presented in more detail in Chapter 10.
TROUBLESHOOTING THE IF AMPLIFIERS

Symptoms caused by defective if amplifiers are:

1.
2.
3.
4.

No picture—no sound
No picture—weak to normal sound
Weak picture—weak, normal, or no sound
Grainy picture—smeared picture

Tuner, age, and if troubles are often indistin
guishable. For a suspected if problem, the first
order of troubleshooting is to determine for sure
that the fault is in the if circuitry. To do this, first
check tuner B+ and rf age voltages. If these volt
ages are correct, substitute the tuner. Substituting
the tuner is easy to do and takes little time. If
the set returns to normal with the substitute
tuner it has a tuner problem. If it does not return
to normal the difficulty may be if or if age. The
next step is to reconnect the tuner and substitute
if age voltages. To do this use a variable voltage
supply connected to the if age bus such as the
points labeled “A” in Fig. 8-10. Set the supply to
zero and with the set off attach the supply to the
age bus line. Do not attach the supply with the
set operating. To do so may cause damage to the
if transistors. The correct sequence of steps is:
1.
2.
3.
4.

TV off, power supply off or set to zero volts.
Attach the supply to the age bus.
Turn on the set.
Adjust the power supply voltage to the value
called for on the schematic.

Now if the set operates normally the age is defec
tive—if it does not operate normally, the problem
is in the if circuitry.
Troubleshooting can be done by oscilloscope or
by signal injection with an analyst. To use the
scope a special “detector” probe must be used.
Even then, erroneous conclusions can be reached
because of the high frequencies involved and the
sensitive nature of the circuits. Signal injection is
the preferred method of troubleshooting the if
circuits. An analyst is best because of the pic
ture produced on the screen, and is essential for
troubleshooting some problems.
An af/rf signal generator can sometimes be
used effectively if proper care is taken not to in
ject too much signal. With the signal generator
set to produce square wave output at a frequency
of approximately 100 kHz, begin injecting the
signal at the output of the last if stage. Place a
0.1 fiF capacitor in series with the generator out
put for isolation between the set and the generator.
Advance the generator output until several dark
vertical bars are seen on the screen. Cut the output
of the generator to about one-half and inject the
signal into the last if transistor base. Repeat this
procedure for each amplifier. Cutting the amount
of output from the generator is necessary each
time the signal is injected. Another stage of if
amplification has been included in the system and
less signal is necessary to produce a good video
presentation. Too much signal can overload the
circuits or destroy transistors and ICs. This pro
cess is useful only when the symptom is a clear
cut loss of picture or very weak picture. It allows
the technician to identify the stage where the
signal amplification is lost. It does not allow the
technician to “see” where signal distortion oc
curs, since the only picture produced is a series
of vertical bars. A bad transistor or IC is normally
the cause of weak or no video and the problem
stage can usually be found rather easily. Picture
quality symptoms, such as smear or grainy pic
ture, are more difficult to solve and a picture
producing analyst is a must. This technique will
not work if the receiver uses a synchronous video
detector.
Replace any components in the if circuits with
exact replacement parts. General purpose devices
do not always work in such exacting circuits. If
such a device is used and the set still does not
work, the technician does not know if his original
diagnosis was correct or if another problem ex
ists. With the correct replacement component, if
the set does not work, it is known that another
problem exists. Many times we make our own
137

I

■:r

Television Servicing—With Basic Electronics

problems in this way. With an incorrect, non
operating part in the set we begin to look for a
second problem which really does not exist, thus
wasting time and frustrating ourselves. Do it
right the first time! If an exact replacement tran
sistor cannot be found and a general purpose tran
sistor must be used, do not substitute a metal can
unit for a plastic case type—they quite often do
not work because of the added capacitance due to
the metal case. A typical symptom associated with
replacing an if transistor with an incorrect sub
stitute is a grainy picture. Grainy pictures can
also be caused by incorrect bias on the transistor
base and by misalignment. The following are
troubleshooting guides for general if troubleshoot
ing for common symptoms—refer to Chart 8-1.

FIN POINT The FAULT
TO HE If CiFQJlIS

SIGNAL INIECI A! THE
OUTPUT Of THE 2ND If

GOOD PICTURE

SIGNAI INJECT AT THE
INPUT Of THE 2ND If

SIGNAL INIECI AT
THE OUTPUT Of THE
LAST IT

GOOO PICTURE

NO PICTURE

NO PICTURE
S

GOOO FiCWRE

CHECH If OUTPUT
COUPLING COMPONENTS

10;

INJECT SIGNAL AT
INPUT TO 1ST If

REPLACE 2N0 If
TRANSISTOR

SIGNAL INIECI A!
Ih( IHPUT Of |H(
LAS! IT

*0 PiCWM

GOOO PICTURE

M) PCTURE

GOOD PICTURE

II

6

I?

CHtc* coupling
BETWEEN 2ND AND
LAS’ il - CMC.
BIAS COMPONENTS

RE FLACE
TRANSISTOR

OECu COUPLING
BETWEEN 1ST AND
2ND if - REPLACE
1ST <’ TRANSISTOR

Weak Picture—Weak to Normal Sound

This symptom is repaired in the same way as
a no picture symptom except you will be looking
for a partial loss of signal rather than a complete
loss.
Grainy Picture—Smeared Picture

These symptoms are opposites. Grainy pictures
are often caused by increased high frequency re
sponse (or loss of low frequency) while smeared
pictures are caused by an increase in low fre
quency gain (or loss of high frequency). Both are
caused by misalignment or defective components
in the tuned circuits. Lowered gain sometimes
causes excessive snow on strong stations which
appears almost the same as a grainy picture. This
is often caused by a defective transistor or bias
resistor in the base circuit. Note that alignment
is rarely a problem; but, for these symptoms it is
advisable that the receiver be connected to an
alignment set-up for analysis. When lashed to the
alignment gear, if the video if carrier at 45.75
MHz is higher on the curve than shown in Fig. 8-9,
the low frequencies are going to be emphasized;
if it is lower on the curve than shown, the higher
frequencies are going to be emphasized. Align
the if’s for best responses. If they cannot be
properly aligned, a defect exists in the if circuitry
causing a resonant frequency shift. Use the signal
inject method to locate the defective circuit, use
a modulated marker input as explained in the
alignment equipment instruction manual. A modu
lated marker is a modulated signal corresponding
to the resonant frequency of the stagger tuned
stages. If the modulated marker frequency for
one of these stages does not react as it should, or
as the others, the stage tuned to that frequency is

Chart 8-1. No Picture—No Sound

NO PICTURE

sound if signal is necessary for beating against
the video if to produce the 4.5 MHz sound if. Note
in the if curve in Fig. 8-3 that the video and audio
carriers are 4.5 MHz apart. When the two signals
beat against each other the difference frequency
of 4.5 MHz is selected as the sound if frequency.
This signal is then applied to the sound if circuits
and processed—more about this in Chapter 11.

SUSPECT COUPLING
TROM If UNA INPUT
TO 1ST If

(Chart assumes a typical three-stage if.)

No Picture—Weak to Normal Sound

For this symptom, troubleshoot in the same
manner as for no picture—no sound. It is often
found that the sound signal will be nearly normal
even with an if transistor out of the socket. It has
been observed in the foregoing discussions that
the sound signal receives almost no amplification
in the if circuitry (see the curve in Fig. 8-3).
The actual amplification is 10 %> or less of the
amplification given to video if signals. But then
little sound signal is necessary since the sound
system employs its own if circuitry. Only enough

(A) Marker signal through a
circuit tuned to the marker
frequency. The if coils are
tuned for MAXIMUM marker
signal amplitude output.

(B) Marker signal AFTER a
trap tuned to the marker fre
quency. Traps are tuned for
MINIMUM marker output.

Fig. 8-13. Modulated marker signal.
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defective. The modulated marker produces a
signal on the scope similar to that drawn in Fig.
8-13. Each if tuned circuit is tuned for maximum
signal output while the traps are tuned for mini
mum signal level output at their respective fre

quencies. Test equipment manufacturers such as
B&K-Precision (Dynascan) and Sencore have pre
pared excellent explanations of if circuits as well
as how to use their alignment equipment for align
ment and troubleshooting.
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Chapter

Video Circuits
There are three sections to the video handling
circuits: the video detector, the video amplifiers,
and the picture tube, sometimes called the cathode
ray tube or crt.
VIDEO DETECTOR CIRCUITS

As it comes into the video detector, the com
posite video signal looks something like the draw
ing in Fig. 9-1. It is an am signal with a carrier
frequency of 45.75 MHz. And, since it is an am
signal it is symmetrical or identical above and
below the zero amplitude line. Because of the
mirror image signal with an average amplitude
of zero, no picture would result if it were ap
plied to the crt. Just as in am radio, one-half
of this signal must be removed so the crt elec
tron beam can be controlled. The diode was dis
cussed in Chapter 3, where it was seen that it
will conduct in only one direction. Thus, if we
feed the composite video signal into a diode, onehalf of the signal is not allowed to pass. This, in
effect, cuts off either the positive-going or nega
tive-going half of the signal, depending on which
way the diode is placed in the circuit. A typical
diode video detector circuit is shown in Fig. 9-2.
SOUND l-F

Notice in this circuit that the top, or positive half,
of the signal is blocked from passing into the video
amplifiers. After further processing, the signal
will have the correct polarity to control the elec
tron beam when applied to the crt. The action of
the picture tube will be explained in more detail
later in this chapter.
The video detector is usually a germanium sig
nal diode, but sometimes silicon is used—both in
a glass envelope. It is normally found inside the
last if amplifier transformer shield. The shield
prevents harmonics produced by the detected
video signal from being radiated and causing
interference in the rf and if amplifiers. Sometimes
the detector is a transistor which is biased off

iiL
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Fig. 9-1. Undetected if composite video signal.
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tween the two input voltages, but effectively
canceling like input voltages. The output load of
this differential amplifier is a sharply tuned cir
cuit consisting of L109 and C119, tuned to reso
nate to the 45.75 MHz picture carrier frequency.
Diodes DI and D2 act as clippers to limit the
amplitude of the output signal. The output then
is a nearly constant amplitude of 45.75 MHz
signal. Note that two output signals are available.
They are 180° out of phase, or of opposite polarity,
being taken from opposite ends of the differential
amplifier.
Fig. 9-7 shows the simplified schematic of the
synchronous detector. Notice that it has three
input signals. Two input signals are from the
carrier reference amplifier just described, and the
other is the if output signal.
Transistor Q7 is a constant current source.
Transistors QI and Q2 form a differential ampli
fier, and Q3 through Q6 are if carrier frequencyoperated switches. Note that the differential am
plifier receives its input from the if amplifier,
while the switches receive input signals from the
carrier amplifier. Fig. 9-8 illustrates the input and
output waveforms of the synchronous detector.
As positive half-cycles of the if signal are ap
plied to the base of QI (Fig. 9-7), it increases con
duction. Simultaneously, the in-phase input from
the carrier amplifier is applied to Q3, turning it
on. This causes increased current flow through Rl.
No current will flow through Q4 because it is

except upon the receipt of a signal, whereupon it
turns on and conducts for one-half the signal. An
example of a transistor detector is illustrated in
Fig. 9-3. The base emitter junction serves as the
detector diode junction and the rectified signal is
amplified before departing the transistor. Another
type of video detector will be found inside an IC
when the if circuitry is integrated. Such a circuit
is seen in Fig. 9-4. Detectors of the types just
described are often referred to as envelope detec
tors.
Yet one other type of video detector may soon
be in widespread use in monochrome television
receivers. It is already used in many color sets.
The circuit is known as a synchronous detector
and is always found in IC form because of its
complexity. A synchronous detector is pictured in
Fig. 9-5.
In IC12, a carrier frequency amplifier is used to
filter and amplitude-limit the 45.75 MHz video if
signal to provide a pure 45.75 MHz signal as a
carrier reference for the synchronous detector.
Fig. 9-6 is a simplified schematic of the carrier
amplifier contained in IC12 of Fig. 9-5. Although
this IC obviously cannot be repaired, the diagram
will aid the reader in understanding the opera
tion of a synchronous detector. The if signal is
applied to the differential amplifier pair (Q2 and
Q3) through QI and Q4. A differential amplifier is
a balanced circuit with two inputs, and connected
in such a way as to respond to the difference be
POKRDH
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Fig. 9-3. A transistor “enve
lope” video detector circuit.
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Fig. 9-4. Video detectors are often found in ICs.

The synchronous detector is used because it pro
vides an exceptionally linear detected video signal,
and better immunity to noise pulses, which appear
in the picture as snow. It also prevents false trig
gering of the sync circuits by interference. The
receiver using a synchronous detector will per
form much better in a high rf noise environment
than will a set with a diode or transistor “en
velope” detector.

switched off by the reverse-phase signal from the
carrier amplifier.
When negative signals are applied to the base
of QI, it decreases conduction, causing Q2 to in
crease conduction. At the same time the reverse
phase carrier turns on Q4 and the current through
R1 increases. No current will flow through Q3
because the in-phase carrier is negative at this
time and causes Q3 to be reverse-biased.
As just seen, the current flow through R1 in
creased for both negative and positive half-cycles
of the carrier. A waveform is produced as shown
in Fig. 9-8, waveform D. This waveform repre
sents the amplitude modulation envelope contain
ing the intelligence which has been “demodulated”
or extracted from the if carrier.

VIDEO AMPLIFIERS
Video amplifiers are basic high frequency am
plifier circuits. They are wideband, passing sig
nals from 30 Hz to approximately 3 MHz. To be
wideband in this frequency range, no inductive
143
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Fig. 9-8. Input and output sig
nals of the synchronous detec
tor.
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D

coupling and little capacitive coupling can be
used. The reactances of both inductors and capaci
tors change with applied signal frequency and
would cause different amounts of amplification to
result for different frequencies. Thus, video am
plifiers are usually direct coupled. In Fig. 9-9 the
hybrid IC-transistor video section is completely
direct coupled.
Video is detected inside IC12 and coupled inside
the IC to the first video amplification stage. From
pin 4 of IC12, video is coupled via R141 and a
peaking circuit consisting of L141 and R144 to
the base of QI 5. From Q15 to the crt, the signal
is carried through D12, R145, and R603, with
C146 shunting the signal around D12 and R145
to prevent signal degeneration. This allows the
full signal level to be applied to the cathode of the

n

JW

04 BASE

MODULATION
ENVELOPE

zWVTfYYYVsv

R1

crt, and yet allows the de voltage level of the col
lector of Q15 to also be applied to the crt cathode.
The action here is much like that of ah emitter
bypass capacitor (Fig. 9-10) in audio circuits. The
bypass capacitoi' provides a low impedance path
for the signal while causing the de bias current to
flow through the resistor to provide proper de bias
voltage. If the signal as well as bias current had
to flow through the resistor, the voltage drop
would change with every signal level variation
and the emitter-base bias would change in the
direction to cut the transistor off—resulting in
lowered gain or signal degeneration.
The video circuit in Fig. 9-11 is not direct
coupled. Note that capacitor C144 is not bypassed
by resistance as was C146 in Fig. 9-9. This means
that the de potential on the collector of TR15 can58.6V
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Fig. 9-10. Emitter bypass capacitor circuit.

not be applied to the picture tube cathode. But why
is this so important? Because the de level in the
video signal indicates the difference between light
and dark scenes. For example, imagine a scene of
a bright sunny day, then the same scene at night.
The actual picture information may be identical
but the level of picture brightness is different. Fig.
9-12 shows two signals of identical picture infor
mation but different brightness levels. By this
figure it can be seen that the de component of the
signal determines the brightness level of the scene.
By passing this brightness level de component of
the signal to the picture tube, the crt bias is
changed and differing brightness levels result.
But, this de component of the signal cannot be
passed from the video detector to the crt if there
is no de path. There will not be a de path if a ca
pacitor or transformer is used for signal coupling.
For this reason, direct coupling is usually found
in the video circuits.
DC Restoration

When a capacitor is used to couple video cir
cuits, some means must be used to “reinsert” the
de component of the signal at the crt. The process

(B) Less white information and average de level is closer
to black.
Fig. 9-12. Signals have identical picture information but
different brightness levels.

of restoring the de component to the crt circuit
is called de restoration. A diode circuit as seen in
Fig. 9-13 is used to rectify the video signal and to
produce a de voltage proportional to the level of
picture brightness. Other de restoration circuits
may include resistive voltage dividers as seen in
Fig. 9-14. Here a particular percentage of the de
voltage level input divides across the resistors
according to their values, while the ac or picture
information is coupled to the crt through C132. In
a series voltage divider such as this, the voltage
drop across a resistor is directly proportional to
the resistance. For example, if R137 and R139 are
20% of the resistance of the divider made of R137,
R139, and R136, 20% of the applied voltage will
appear across them at point K. Of course, with the
capacitor having a low capacitive reactance at the
video frequencies, very little signal is dropped
across it and the complete video signal is applied
to the crt. This de potential, or a percentage of the
de signal level originating at the detector, is ap-
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Fig. 9-15. Video amplification
curve showing frequency re
sponse.
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30 Hz
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high frequency “roll-off.” This means that the
higher video frequencies will not be seen on the
screen, unless they are boosted to an amplitude
near that of the lower frequencies. Boosting of the
higher video frequencies is accomplished by peak-

plied or “restored” to the ert for brightness level
tracking.
Peaking

As the video signal is processed through the
video amplifiers, amplification must be “flat”
within ±10% across the entire video frequency
band (Fig. 9-15) for good picture reproduction.
Achieving this measure of quality is not easy for
such a broad band of frequencies. Stray capaci
tance usually in the amount of 10-15 pF exists
between the signal path and ground. This capaci
tance will have a low reactance to the higher video
frequencies and they are shunted to ground. The
result is a response as seen in Fig. 9-15. Note the

PEAKING CIRCUIT
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Fig. 9-16. A series video peaking circuit
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4lOOpf
—AKn-,

ing circuits such as the one consisting of L401
and stray capacitor C1000 in Fig. 9-16. Peaking
circuits are resonant circuits, resonant at the
video frequencies which would otherwise be lost.
With additional boost given to the high frequen
cies, the overall video bandwidth might look like
that shown in Fig. 9-17.
Peaking circuits may be series (Fig. 9-16),
parallel (Fig. 9-18), or a combination of series
and parallel (Fig. 9-19). In each case the inductor
is resonant with the stray capacitance of the cir
cuit as indicated in Figs. 9-16 and 9-18 by dot
ted lines.
Peaking Control

In some receivers a variable video peaking or
sharpness control is used to provide adjustment
to the “softness” of the produced image. When a
large screen receiver is viewed in a small room
the picture appears to have “grain.” Since all tele
visions operating on the US standard broadcast
system have the same number of scan lines, it is
only natural that a small screen will have a
sharper picture than a large screen. Both screens
have the same number of picture elements. The
larger screen merely spreads these elements far
ther apart, reducing picture detail and causing
them to appear as individual grains rather than a
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Fig. 9-18. A parallel video peaking circuit.

picture whose elements blend together. When the
higher frequencies are lost, the grainy appear
ance of the picture is lessened and the picture ap
pears softer. Also, if the picture has a noticeable
amount of snow, snow being high frequency ran
dom noise, the video peaking control can cause it
to be less objectionable.
The peaking control operates like the tone con
trol on less expensive radios and phonographs. A
variable resistor is placed in series with a capaci
tor as seen in Fig. 9-20. The capacitive reactance
of the capacitor is such that the higher video fre
quencies are allowed to pass to ground if the re
sistance is set to a low value. Naturally, as the
resistance is increased, less of the high video fre
quencies are passed to ground, and the picture is
sharper. The peaking control is sometimes called
a sharpness control and may be a switch arrange
ment with different capacitances for different de
grees of sharpness of picture as seen in Fig. 9-21.
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changed little by varying VR52. But varying the
resistance of VR52 does provide ac or signal de
generation. As was discussed earlier, concerning
the emitter bypass capacitor, this ac path provides
a low impedance circuit for signal currents. By in
creasing the impedance to the signal, degeneration
occurs and there is less amplification by TR15,
less video signal to control the crt, and thus less
picture or contrast.

1
Fig. 9-21. A switched high frequency attenuator.

Contrast Control

Another control found in the video circuits is
for contrast adjustment. Its purpose is to vary the
amount of video signal that will be applied to the
picture tube. It either controls the gain of one of
the video amplifiers or operates like a radio vol
ume control to vary the amount of signal applied
to the video amplifiers. Fig. 9-22 illustrates a com
mon type of contrast control. The control, VR52,
varies the resistance to ground for signal passage
but is isolated from the emitter of TR15 by C143.
Because of this isolation, the de bias of TR15 is

THE PICTURE TUBE

An explanation of the way in which the crt
works will help explain how more video produces
more contrast. The crt operates on the same prin
ciple as any other vacuum tube. It has a filament
(heater) which heats when current flows through
it, a cathode charged negatively to give off elec
trons when heated by the filament, grids to con-
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Fig. 9-23. The monochrome
picture tube.
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trol the electron flow and form them into a beam,
and a means of collecting the emitted electrons
(see Fig. 9-23). The more negative the cathode
is made the more electrons are emitted from it.
These electrons are shaped into a beam and ac
celerated into the phosphor coating on the screen
to produce light. Now look back at Fig. 9-13, and
note that the composite video is positive going at
the crt. The more positive (the same as saying the
less negative) the signal, the less cathode elec
tron emission and thus the less light that is pro
duced at that instant on the screen. Since the crt
control process has an incoming positive signal
to turn off the electron beam, when no signal is
received, the screen is at its whitest. Likewise,
the screen can never get darker than when the
crt is cut off. These two conditions (lack of signal
and lack of power) represent white and black. If
more video information is applied to the cathode,
it becomes more positive and in some cases the
beam is cut completely off to reproduce a dark
image. The blanking pedestal is also used for this
purpose as explained elsewhere in this text. With
less video signal the beam will not be cut com
pletely off and the resulting picture is lighter.
Any signal level between the two extremes will
produce a gray picture.
Various types of crt’s are used in black and
white receivers. Tubes are typed according to their
size, measured diagonally from corner to corner,
and bjz deflection angle. The number on most
American made tubes indicates the size and type
of phosphor. For example, a 12VAMP4 is a 12inch tube with the common white P4 phosphor.
Deflection angle is concerned with the angle the
electron beam must be deflected by the yoke as
seen in Fig. 9-24. With a higher angle of deflection
also comes a shorter picture tube length and usu
ally a smaller neck diameter. The tube neck is
smaller to allow the deflection yoke to be closer
to, and have more effect on, the electron beam. The
distance from the electron gun to the screen can be
shorter and still produce the same screen scan
if the beam is “bent” or deflected more, thus
shorter tubes and smaller cabinets are possible.

900

Brightness Control

The brightness control may either be used to
cause the crt cathode to be more negative (for
more brightness) or less negative (for less bright
ness). Or, it can be connected to the picture tube
control grid where a more negative potential
causes less brightness and less negative potential
allows more electron beam current and thus more
brightness. This action is a result of like charges
repelling each other. If the grid is more negative,
a greater repelling force is presented to the stream
of electrons in the beam. Likewise, if it is less
negative, less repelling force will be present and
more beam current will be conducted to the crt
face.
Blanking

The picture must be blanked out during hori
zontal flyback time and vertical retrace time. If
the electron beam is not turned off during these
times, bright white lines will appear superimposed
over the picture as seen in Fig. 9-25. Blanking was

Fig. 9-25. Retrace lines.

discussed earlier in this text so a more thorough
explanation of the idea of blanking is not neces
sary at this time. Blanking is accomplished in part
by a portion of the composite video signal. Note in
Fig. 9-26 that the most positive part of the signal
is the blanking pulse (and sync pulse). At 75%
of the amplitude of the blanking pulse, for a prop
erly adjusted receiver, the crt will be cut off. That
is, its cathode will be made positive enough to
shut off the electron beam. And, as can be seen
from our previous discussions, this occurs between
each horizontal line of picture information and
between each field of vertical information. Thus,
the electron beam is cut off and the picture blanked
during horizontal flyback and vertical retrace by
the signal itself.
Redundant blanking is carried out by additional
means, other than the blanking pedestal. Blanking
pulses may be obtained from the horizontal and

1100

Fig. 9-24. Two crt deflection angles.
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vertical pulses from the vertical output, and hori
zontal pulses from the flyback transformer are
both applied to the base of TR38, the blanking
amplifier. These positive-going pulses cause TR38
to conduct and its emitter becomes more positive,
reverse biasing D13. All video output current
flows through D13, since it is in the emitter cir
cuit of TR15, and if it is reverse-biased the video
amplifier is cut off. The video is then blanked each
time a horizontal or vertical pulse is produced.
Other Circuits Associated With the Video Chain

Other support circuits are often found in the
video chain. These may include blanking ampli
fiers, brightness limiters, and trap circuits. Traps
of some type are found in all video systems but
brightness limiters and blanking amplifiers are
not.

Fig. 9-26. Composite video signal.

vertical output circuits and applied to the crt con
trol grid as shown in Fig. 9-27. Or, a blanking
pulse may be linked to the video amplifiers in such
a way as to cause the video output to cut off as the
flyback pulse is produced in the horizontal output,
or a vertical retrace pulse is created in the ver
tical output circuit. An example of this circuit
is seen in Fig. 9-28. In most cases horizontal
blanking is accomplished by linking the horizontal
output transformer to the crt control grid and
vertical blanking is performed by applying the
vertical pulse to a video amplifier. In Fig. 9-29

Traps

We discussed traps earlier in Chapter 8. They
are resonant circuits used to pass an unwanted
frequency to ground or block it from entering
into circuits where it would interfere with other
signals. Such is the case in the video-handling am
plifiers. If sound if signals are allowed to beat
with video signals an interference pattern like
the one in Fig. 9-30 is produced. So sound if fre
quencies at 4.5 MHz must be blocked from enter-
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of 4.5 MHz. Crystal X141A works in conjunction
with the parallel resonant circuit of L141 and
Cl40. The parallel resonant circuit is a high im
pedance path keeping 4.5 MHz sound if signals
from the video amplifiers while X141A provides a
low impedance path to ground for any sound if

ing the video amplifiers. The circuit in Fig. 9-31
shows a typical 4.5 MHz trap as found in modern
solid-state television receivers. Another type of
4.5 MHz trap is illustrated in Fig. 9-32. Here the
trap makes use of a crystal or ceramic filter which
exhibits low impedance to its resonant frequency
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greater voltage drop is produced there, leaving
less high voltage available for the ert. In a severe
case of over-brightness the lowered high voltage
can cause out-of-focus conditions and “blooming.”
In sets with unregulated power supplies,
changes in the ac source voltage cause de supply
output variations. These variations in turn cause
brightness level changes to occur.
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Fig. 9-33. A crystal filter for trapping sound if signals from
the video circuits. (Courtesy Quasar Co.)

Fig. 9-31. Sound if frequencies are trapped out of the video
circuit by trap circuits such as this.

The brightness limiter circuit provides a solu
tion for both the above problems. It senses the ert
beam current and automatically holds it within
predetermined limits. Transistor Q503 in Fig. 934 receives base bias from the ground return side
of the high voltage secondary winding of TX502.
Though noted on the schematic as being connected
to B+ supply No. 1, the 15,734 Hz pulses are re
turned to ground through C523 and the power
supply filter capacitor, both of which offer little
opposition to the high frequency horizontal pulse,
and a small voltage drop is developed across the
capacitors. However, when excessive current is
present in the transformer a more negative volt
age drop is produced at CircuiTrace 105 causing
Q503 to increase conduction. Its collector then be
comes more positive and the emitter of Q801 be
comes more positive causing Q801 to be reverse
biased. Video output, Q801, decreases conduction,
its collector voltage rises, the ert cathode goes
more positive and brightness is reduced. The re
sult is a limiting action which maintains a con
trolled brightness level and ert beam current.

signals reaching CircuiTrace 42. In many cases
only the crystal filter is used as seen in Fig. 9-33.
This reduces the need for a resonant circuit of
capacitance and inductance and in most cases is
adequate for good sound if trapping.
Naturally, a crystal filter is not tunable. Older
resonant circuit-type filters were almost always
adjustable and were tuned for minimum sound
picture interference.
Brightness Limiters

Direct-coupled video amplifiers pass de voltage
level changes from circuit to circuit to the ert,
causing brightness level changes which in some
cases may be undesirable. Though it is necessary
to maintain the de level to provide correct picture
brightness tracking from scene to scene, excessive
brightness sometimes caused by bright scenes is
unwanted. Higher picture brightness requires
more ert beam current from the high voltage
power supply (see Chapter 5). More current flow
in the high voltage circuits consequently means a
153
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TROUBLESHOOTING VIDEO CIRCUITS

Video circuits are serviced with equal ease by
signal tracing or signal injection. In direct-cou
pled circuits as found in video systems special
care must be taken in diagnosing the fault to a
single stage. With direct de paths from stage to
stage, if the transistor in one stage shorts or
opens, the improper stage voltages created will be
measured on the following amplifiers in the chain.
If the diagnosis is made in haste either transistor
may be judged defective because of the incorrect
voltages about it. A simple in-circuit method used
to determine if a transistor is defective is often
useful. Example: If a transistor’s emitter-collector voltage is low (somewhat less than half of
the supply voltage) the transistor is either shorted
or being held in saturation by incorrect forward
bias. To determine which, monitor the emitter
collector voltage and short the emitter and base
together. If the transistor is good this should turn
it off causing the emitter-collector voltage to rise
to near source voltage. Example: If the emitter
collector voltage is high (usually near source volt
age) the transistor is open or being held in cutoff
by incorrect bias. Again, monitor the emitter-collector voltage, but in this instance connect a 100K
resistor between the collector and base while mon
itoring the voltage. If the transistor is good it will
be turned on and the emitter-collector voltage will

drop to a lower value. Do not short the collector
to the base—to do so may destroy the transistor.
With many new monochrome receivers the video
amplifiers are emitter followers and no voltage
gain or signal polarity inversion occurs in the
individual emitter follower amplifier. It is impor
tant, when signal tracing with the oscilloscope,
not to expect voltage gain or signal polarity in
version in such amplifier circuits. To do so will
lead one to assume a fault when none exists.
One other troubleshooting consideration should
be to analyze the various controls and control cir
cuits associated with the video amplifiers. For
example if the blanking transistor in Fig. 9-35
were to develop an emitter-collector short, its
emitter voltage would be felt on the collector, and
further, on the emitter of Q803 cutting it off. The
result would be no video—a classical video prob
lem, but the defect is not in the video amplifiers.
It is usually best to test these associated circuits
first by measuring their voltages and input and
output waveforms, making sure the circuit is op
erating properly before doing more extensive
troubleshooting.
The following troubleshooting charts are help
ful in servicing the more common video problems.
Video circuit fault symptoms include:
1. No video—good raster
2. Weak video
3. Excessive contrast
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Chart 9-1. Troubleshooting IF and AGC Problems
SCOPE OR INJECT
HERE FIRST

1

2

SCOPE THE VIDEO
DETECTOR OUTPUT

3

MISSING OR
INCORRECT
SIGNAL

CHECK AGC
OR IFS

D

C

B

A

E

NORMAL

TEST BLANKER. BRIGHTNESS LIMHER. &
OTHER ASSOCIATED CIRCUITS

SCOPE OR
INJECT HERE

NEXT:

Fig. 9-36. Effective signal tracing or signal injection makes
use of the "divide-and-conquer” method.

NORMAL
DEFECTIVE

OR HERE

REPAIR

5
TROUBLE SHOOT
VIDEO CIRCUITS AND
CRT

Chart 9-3. Troubleshooting Excessive Contrast
2

1

SET AGC - EXCESSIVE
AGC WILL CAUSE
EXCESSIVE VIDEO

Chart 9-2. No Video—Good Raster

NORMAL

1

TRACE THE COMPOSITE SIGNAL FROM
THE VIDEO DETECTOR THROUGH EACH
VIDEO AMPLIFIER UNTIL IT DISAPPEARS I E . NORMAL ON THE BASE BUT MISSING
ON THE COLLECTOR OR. INJECT A VIDEO
SIGNAL BEGINNING AT THE CRT AND WORKING
BACKWARD TOWARD THE DETECTOR UNTIL THE
SIGNAL DISAPPEARS FROM THE SCREEN

3

BE SURE ALL TRANSISTORS
ARE CORRECT TYPES A
TRANSISTOR WITH EXCESSIVE
GAIN WILL CAUSE TOO MUCH
SIGNAL - ANO CONTRAST

NORMAL

CHECK LARGE
ELECTROLYTIC
CAPACITORS
USED TO BYPASS
THE CONTRAST
CONTROL

INCORRECT

REPLACE

DEFECTIVE

GOOD

5
REPLACE

6

8

2

CHECK AMPLIFIER
BIAS RESISTORS

CHECK COMPONENTS BETWEEN THE POINT
WHERE SIGNAL WAS FOUND BY TRACING
OR SEEN ON SCREEN WHEN INJECTED.
ANO THE POINT WHERE SIGNAL WAS LOST
OR NO PICTURE WAS PRODUCED, IE.
COUPLING CAPACITOR. TRANSISTOR
IC. ETC

GOOD

LOCATE DEFECTIVE
CIRCUIT AND CHECK
AMPLIFIER LOAD
RESISTOR FOR
INCREASED VALUE

DEFECTIVE
BAD

9
REPLACE

3

7

REPLACE

BAD

CHECK 8+ APPLIED TO
CIRCUIT ANO ASSOCIATED
CONTROLS OR CONTROL
CIRCUITS

GOOD

REPLACE

4. Negative picture
5. Smeared picture
6. Retrace lines

5

IF FAULT IS NOT IMMEDIATELY
APPARENT MEASURE CIRCUIT
VOLTAGES AND MAKE DIAGNOSIS
IN ACCORDANCE WITH YOUR
KNOWLEDGE OF OHM S LAW ANO
CURRENT BEHAVIOR

Tests to limit the problem to the video circuits
should be preliminary to any video circuit trou155
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Chart 9-5. Troubleshooting Smeared Picture

Chart 9-4. Troubleshooting Negative Picture

i
i

TEST FOR PROPERLY FORMED
VIDEO SIGNAL AT THE VIDEO
DETECTOR OUTPUT WATCH
FOR ROUNDING OF SYNC TIPS

LOCATE THE DEFECTIVE
STAGE BY SIGNAL
INJECTION OR SIGNAL
TRACING

GOOD

BAD
2

3

TEST CRT BE SURE
FOCUS IS GOOD - SCAN
LINES SHOULD BE SHARP

2
If THE SUSPECTED STAGE
IS A COMMON EMITTER
AMPLIFIER. CHECK FOR
SHORTED TRANSISTOR SINCE
EMITTER FOLLOWERS DO NOT
INVERT SIGNAL ANYWAY THERE
IS NO REASON TO CHECK THEM
HOWEVER. TRANSISTORS ARE
SOMETIMES INCORRECTLY
REPLACED CAUSING NEGATIVE
PICTURE

BAD
3

TROUBLESHOOT IFS
AND AGC

BAD* 4

REPLACE
CRT

GOOD

5
INJECT A 60-100 HZ SQUARE
WAVE AT THE 1ST VIDEO
AMPLIFIER AT AN AMPLITUDE
AS SPECIFIED FOR THE VIDEO
AT THAT POINT TRACE THE
SIGNAL WITH A SCOPE UNTIL IT
SHOWS A LOSS OF HIGH FREQUENCY
DETAIL AS SEEN IN FIG 9 37
THE DEFECTIVE STAGE IS LOCATED

REPLACE

GOOD

TRACE OR INJECT
SIGNAL FROM POINT
TO POINT IN THE
CIRCUIT (START AT
CENTER CIRCUIT)
AN OPEN PEAKING COIL
WILL USUALLY BE FOUND
IN THIS MANNER

6
TEST CAPACITORS ANO
PEAKING COILS TRANSISTORS
CAN CAUSE SMEAR BUT ARE
RARE LAST. TEST LOAD
RESISTORS FOR CHANGEO
VALUES

BAD
7

REPLACE

* A CRT BAD ENOUGH TO CAUSE PICTURE SMLAR WILL ALSO CAUSE PICTURE HIGHLIGHTS
(SUCH AS AROUND NOSE ANO CHEEKBONES ON THE FACE) TO APPEAR CHAULKY IN
APPEARANCE CONTRAST WIU ALSO BE WEAK

BAD

5
REPLACE

bleshooting. Sometimes if or age problems can
cause similar symptoms and must be eliminated as

Chart 9-6. Troubleshooting Retrace Lines
i

INCONSISTENT

ARE RETRACE LINES CONSISTENT.
OR ON SOME SCENES AND NOT ON
OTHERS’ DEFECTIVE DC RESTORATION
CIRCUITS WILL CAUSE RETRACE
LINES ON BRIGHTER SCENES BUT
NOT ON DARKER SCENES

2

CONSISTENT

CHECK RESTORATION
CIRCUIT

BAD

5

CHECK BLANKING
PULSE TO BLANKING
CIRCUITS OR CRT
(WHEN APPLIED
DIRECRY)

GOOD

3

CHECK BLANKING
AMPLIFIER TRANSISTOR
(BY REPLACEMENT)

GOOD

REPLACE

BAD

BAD

7

6
TROUBLESHOOT PULSE
SOURCES OR COUPLING
COMPONENTS

GOOD

REPLACE

8
TEST AU COUPLING
AND BIAS COMPONENTS
AT CIRCUIT WHERE
BLANKING PULSES ARE
APPLIED

8AD

9

REPLACE

GOOD

10

REPLACE VIDEO
AMPLIFIER TRANSISTOR
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Video Circuits

possible causes of the symptom (Charts 9-1 and
9-2).
Video circuit troubleshooting presents an op
portunity for the technician to perform signal in
jection and signal tracing techniques. Efficient use
of either technique will allow the technician to
rapidly determine the cause of circuit failure.
Efficient use dictates that the least time and effort
be put into the performing of these tests. To save
time and effort inject or trace the signal at the
center of the circuitry in question. In Fig. 9-36
the center circuit is in block C. Note that if the
signal is scoped or injected here half the circuit
will be eliminated as being at fault. For example,
when signal injecting, if circuits in blocks C, D,
and E are operating, a picture will be seen on the
screen indicating that the fault must be in the
circuits in blocks A or B. Now, if the last half of
the suspected circuitry is proved to be operating
normally you would next trace or inject at the
center of the remaining circuits and so on until
the specifically defective circuit is located.

WEAK VIDEO

Use the same method as used for the no video
symptom but look for partial loss rather than total
loss of signal. Be sure the problem is not in the
age or if circuits by checking the video detector
output signal.
EXCESSIVE CONTRAST

Excessive contrast is caused by too much video
signal reaching the ert (Chart 9-3).
NEGATIVE PICTURE

The negative picture symptom is caused by sig
nal inversion often created by shorted common
emitter connected transistors and open peaking
coils (Chart 9-4).
SMEARED PICTURE

LOSS OF HIGH
FREQUENCY
RESPONSE

A smeared picture is created by lack of high
frequency video detail (Chart 9-5).
RETRACE LINES

Common defects that cause visible retrace lines
are open coupling circuits, defective transistor,
and defective ICs (see Chart 9-6).
Fig. 9-37. A square wave signal can be used to indicate loss
of high frequency response in the video amplifiers.
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ABC Oirouits
The fundamentals of age circuit action are
simple. Referring to the block diagram in Fig.
10-1, a sample of the incoming signal is taken from
the video amplifiers, changed into a de voltage
representative of the signal level, and applied to
the if and rf amplifiers for the purpose of con
trolling their gain. When the received signal is
strong the gain of the if and rf amplifiers is
turned down. The opposite occurs when the re
ceived signal is weak. The result is a picture sig
nal of relatively constant strength.

AGC TYPES

Two primary types of age circuits are found
in typical monochrome receivers. Forward age is
achieved by using the age control voltage to for
ward bias the if and rf transistors into near satu
ration, where their gain decreases. Reverse age
is achieved by using the control voltage to reverse
bias the if and rf transistors, cutting them near
off and reducing their gain. Either type of age
may be keyed or unkeyed though most sets in use
today use keyed systems.

ANTENNA

KEYED AGC
IF
AMPLIFIER

TUNER
RF AMP

AGC CONTROL
VOLTAGE
(DC>

zr
AGC

VIDEO
DETECTOR
AND AMPS

Fig. 10-2 shows a keyed (sometimes referred to
as “gated”) age circuit block diagram. By refer
ring to an age circuit as being keyed we mean
that it is turned on, or “keyed” on, only during
horizontal flyback time. The reasons for this is
twofold. One, if the age were allowed to operate
continuously it could attempt to sense the ampli
tude of noise or the always changing video, result
ing in rf and if amplifiers trying to change con-

TO CRT

SAMPLE OF
VIDEO SIGNAL

Fig. 10-1. Age functional block diagram.
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a keyed-type age because it has a direct connection
to a winding on the flyback transformer.
A discrete transistor keyed age is illustrated in
Fig. 10-3. Video input to the age is taken from the
collector of the first video amplifier and coupled
to Q402, the age gate. The horizontal pulse utilized
for keying comes from a winding on the flyback; a
typical arrangement though it is sometimes taken
from other points in the horizontal circuitry. Neg
ative going sync pulses are applied to the base of
Q402 and negative going keying pulses are cou
pled to the collector. These polarities are just right
for the pnp transistor, Q402. That is, a negative
signal is necessary on both the base and collector
of a pnp to cause it to conduct. For this reason the
pnp age gate transistor conducts only when both
negative signals are present. The circuit is con
sidered to be keyed on as the collector receives the
negative horizontal keying pulse.
When Q402 conducts, the resistance between the
emitter and collector drops to a very low value
causing the collector to go toward positive. The
positive going output can now be passed on to
Q405 through diodes CR403 and CR402. Notice
that CR402 blocks the negative going keying pulse
from Q405, the age amplifier. As the positive age
pulse moves to Q405 it is amplified and a portion
of its output is used for rf amplifier age control.
Part of the output from Q405 is further amplified

ANTENNA

TUNER
RF AMP

VIDEO
DETECTOR
AND AMPS

IF
AMPLIFIER

TO CRT

AGC CONTROL
VOLTAGE
(DC)
AGC

T

SAMPLE OF
VIDEO SIGNAL

KEYING PULSE
FROM FLYBACK
WINDING

Fig. 10-2. Keyed age block diagram.

duction erratically. The second reason is that by
operating only during flyback time the age circuit
is on during horizontal sync/blanking pulse time.
The blanking pedestal/sync pulse of any given
signal is always the same amplitude line after line
and changes only as the signal strength changes.
So by using the blanking pedestal/sync pulse as an
indicator of signal strength a constant age output
that varies only with signal strength is main
tained.
The circuit of Fig. 10-2 is easily recognized as
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Fig. 10*3. Keyed age.
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Fig. 10-4. A single transistor keyed age circuit.

by Q406 and used to control the amplification of
the second if amplifier.
If transistor Q401 is an npn but receives a posi
tive age voltage on its emitter, it must be using
reverse age to turn off the if amplifier. Likewise, it

would be using forward age if the age voltage
were negative and causing Q401 to be turned on.
A single transistor age circuit is shown in Fig.
10-4. Its operation is identical to that of Fig. 10-3
except only one transistor is used.
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Fig. 10-6. An unkeyed age circuit—note the absence of keying pulse input.

Other keyed systems are found in IC circuits as
seen in Fig. 10-5. Video input to the age comes
from the output of the first video amplifier to pin
6 of IC101. The keying pulse is taken from a fly
back winding and coupled to pin 5 of the IC. The
rf age output is from pin 12 of IC101 where it is
filtered by C013. Filtering is essential in all age
circuits for if any pulses or ripple were applied
to the if or rf amplifiers on the age line, the cir
cuit amplification would attempt to change at the
ripple rate causing severe picture problems.
An unkeyed age circuit is illustrated in Fig.
10-6. Notice the missing keying pulse input from
the flyback transformer. Since the circuit is not
keyed this input is not necessary. But our old
friend, the time constant from Chapters 4 and 6,
is very important to unkeyed circuit operation.
Even though unkeyed, signal strength is still de
termined by horizontal sync/blanking pulse am
plitude. By having the video input to the age
charge a capacitor in a long time constant circuit,
a charge equal to near the horizontal sync/blank
ing pulse amplitude is maintained until the next
horizontal sync/blanking pulse recharges it, hold
ing an age voltage level indicative of signal
strength.
Video is obtained for the circuit in Fig. 10-6
from the first video amplifier—a typical arrange
ment. Transistor Q207 is an npn receiving a nega
tive going composite signal which means the tran
sistor must normally be on and is cut off by
incoming horizontal sync tip and blanking pedes-

tals. As the emitter-collector voltage rises because
of cutoff, a positive going signal is transferred
through D201 to Q208. A positive signal on the
base of Q208 causes a negative going output sig
nal on the collector of this common emitter ampli
fier. Thus, a negative age signal is applied to the
base of Q209, another common emitter age am
plifier. Its output will be positive since common
emitters invert the signal from input to output.
The positive age output from Q209 is used for
tuner rf age. The if age is taken from the collector
of Q208 and is a negative signal level to be used
to turn off npn if transistor Q201.
Capacitors C217, C218, and C219 serve as age
filters to maintain a constant unvarying age volt
age on the age output bus. Capacitor C217 must
maintain a charge long enough to keep the system
operating even after the blanking pedestal has
gone and before the next one arrives.
AGC CONTROLS AND RF AGC DELAY

Many monochrome age circuits such as those
illustrated in Figs. 10-3, 10-4, and 10-6 have no
controls for adjustment of age range. Others such
as the one in Fig. 10-5 have only one control for
either if or rf age. A few monochrome receivers
have both an if and an rf age control.
Purposes of the age adjustments are to provide
for proper range of control from weak to strong
stations and to create rf age delay. If age control
range is set incorrectly, weak signals may have
162
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(A) Normal signal.

(B) Compressed sync pulses.
Fig. 10-7. Compressed sync pulses are caused by overloading
amplifier circuits.

mation is distorted and sync pulse tips are com
pressed as seen in Fig. 10-7. The result of rf over
loading is a picture with bends, audio hum, and
unstable sync. The rf age delay circuits actually
delay the effect of limiting the amplification of the
rf amplifier until overload is imminent. Delay is
accomplished by diodes, high value resistors, and
transistor circuits.
In Fig. 10-4 rf age is delayed by diode D202 and
resistors R225 and R224. Diode D202 is reverse
biased by voltage produced by voltage divider ac
tion of R225 and R224. As long as the voltage on
the cathode of D202 is more positive than the
anode, the diode is reversed biased and will not
conduct. The cathode voltage is produced by volt
age division across R224 and R225 from ground to
the 10.75 V source. Anode voltage on D202 is pro-

excessive snow, or strong signals may cause over
load. It is important that both extremes of signal
level be controlled so neither of these conditions
prevails. The age delay allows the rf amplifier to
operate at maximum amplification until a signal is
received that is strong enough to cause rf ampli
fier overload. When an amplifier circuit overloads,
the incoming signal is large enough to begin to
saturate, or sometimes cut off, the rf amplifier
transistor. In an overload condition video infor-
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IF
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IF

CRT

AGC
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AGC
AGC OUTPUT
DC CONTROL VOLTAGE

VIDEO SAMPLE-AMOUNT DEPENDS
ON SIGNAL STRENGTH WHICH
DEPENDS ON AGC OUTPUT CONTROL
ANO IF AMPLIFICATION

Fig. 10-8. The age loop (showing if age only).

Chart 10-1. Diagnosis of an AGC Symptom
2a

1
NO EFFECT

ADJUST AGC
CONTROL

SOME
EFFECT

3a

PICTURE
NORMAL

2
MEASURE
AGC VOLTAGES &
ADJUST TO
SPECIFICATIONS

NO EFFECT

SUBSTITUTE
TUNER

3b

4b

3
INCORRECT

TROUBLESHOOT
AGC

PROBLEM IN IF OR
AGC MEASURE
AGC VOLTAGE

TROUBLESHOOT
RF AGC

BAD

TUNER OR RF
AGC PROBLEM
MEASURE RF
AGC VOLTAGE

CORRECT
INCORRECT

CORRECT

5b

4

TUNER PROBLEM

SUBSTITUTE
TUNER

PICTURE
DOESN’T
RETURN

PICTURE
RETURNS

6
TUNER
PROBLEM

5a

7a

TROUBLESHOOT
AGC

5
IF
PROBLEM

SUBSTITUTE
AGC
VOLTAGE

PICTURE
RETURNS

NO
CHANGE

6a
IF PROBLEM
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Chart 10-2. Troubleshooting Chart for All AGC Symptoms
DIAGNOSE TO
AGC CIRCUIT

SUBSTITUTE AGC
VOLTAGE

2

1
CHECK AGC IC OR
TRANSISTOR OPERATING
VOLTAGE

GOOD

CHECK VIDEO AND
KEYING PULSE
INPUTS

2a
INCORRECT

CHECK THESE SIGNALS
AT THEIR SOURCES
BAD

BAD
GOOD

4a

3a

3
MAKE DIAGNOSIS
AND REPLACE
DEFECTIVE COMPONENT

GOOD

CHECK FLYBACK PULSE
WINDING - TROUBLESHOOT
VIDEO CIRCUIT

BAD COUPLING
COMPONENT PROBABLY A
CAPACITOR

■

5a

4
CHECK EASY TO-TEST
COMPONENTS DIODES.
LARGE VALUE RESISTORS.
ELECTROLYTIC CAPACITORS.
ETC.

REPLACE DEFECTIVE
VIDEO COMPONENT
OR FLYBACK

GOOD

5
REPLACE TRANSISTOR
OR IC. IN CASE OF
A MULTIPLE TRANSISTOR
AGC TRACE PROBLEM
TO DEFECTIVE UNIT
WITH VOLTMETER

6

REPLACE DEFECTIVE
COMPONENT

vided by the age circuit. Only when age output is
great enough to overcome the reverse bias will
D202 conduct and a greater potential be applied
to the rf amplifier as age control. An increase in
voltage to the rf amplifier has thus been delayed
until the amplifier was on the threshold of over
loading. In this circuit the point of conduction of
D202 is fixed by the voltage divider. In few mono

chrome age circuits the conduction point, and thus
the delay, is adjustable.
In Fig. 10-5 rf age delay is adjustable with the
circuitry inside IC101. In Fig. 10-6 rf age delay is
provided by Q209 which is biased so that its out
put does not increase to cause rf amplifier shut
down until the input signal level is great enough to
cause overload.
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TROUBLESHOOTING AGC CIRCUITS

The age circuit, with the rf, if, and video cir
cuits, forms a loop circuit (see Fig. 10-8). A loop
circuit is one which exhibits control over itself by
having its input control its output and eventually
its own input. In Fig. 10-8, age input controls
age output which then controls if signal gain and
thus the age’s own input.
Several loop circuits can be found in the mono
chrome receiver including horizontal ape. By their
very nature loops are difficult to service. In fact
in order to effectively troubleshoot the loop, it
must be broken. The loop can be broken by remov
ing its input, its output, or by overriding its con
trol voltage output with another power source.

Removal of inputs and outputs is simply a matter
of disconnection. Overriding the control voltage
output is accomplished by connecting an adjust
able power source to the age output and adjusting
the supply output to the normal age voltage speci
fied on the technical literature.
Symptoms caused by defective age circuits are:
1. No video, no audio, lighted raster
2. Weak video
3. Video overload with buzz in the sound
Diagnosing these symptoms to the age circuitry
usually requires the use of test equipment because
both the tuner and the if’s produce the same symp
toms. Step number one then is to limit the prob
lem to the age circuits (see Charts 10-1 and 10-2).
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Sound Circuits
Audio circuits amplify the 4.5 MHz fm audio if,
detect it to extract the intelligence, amplify that
intelligence and reproduce it via a loudspeaker.
Earlier in Chapter 7 you learned that the sound
carrier and video carrier are always 4.5 MHz
apart. It is from this relationship that the 4.5 MHz
sound if is derived. As all incoming signals go
through the video detector, these two carriers—
41.25 MHz sound if and 45.75 MHz video if car
riers—beat together because of the nonlinear na
ture of the detector diode. A tuned circuit extracts
the difference between these two frequencies or

4.5 MHz, and traps keep it from entering the final
video stages to prevent audio interference on the
picture. Because of the manner of producing the
sound if frequency the sound is almost always
split from the other signals after the video de
tector. Note the sound takeoff point, and tuned
circuit trap in Fig. 11-1. It is expected, however,
that as synchronous video detectors (Chapter 9)
begin to see more use, a different sound takeoff
point may be used. Synchronous detectors are
more linear than diode detectors so the picture and
sound if carriers are not as likely to beat together.
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SOUND
IF

AUDIO
OUTPUT

<

I
SOUND
TAKE OFF

VIDEO
DETECTOR
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VIDEO
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Fig. 11-1. A functional block diagram of the sound system showing sound takeoff and trap locations.
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This means that another method may need to be
found to get the two signals to beat together. This
is easily accomplished as seen in Fig. 11-2 by using
an extra diode in which to cause the heterodyning
(mixing together) to take place. This diode of
course must be placed in the circuit ahead of the
video detector so the take off point can be at any
place in the video if’s as long as sufficient ampli
fication is available. Other means of signal mixing
can be used, such as the nonlinear transistor am
plifier of Fig. 11-3. The circuits in Figs. 11-2 and
11-3 are of color receiver circuitry but may well
be found in monochrome sets in the future as the
synchronous detector gains more widespread use.

as no more amplification is necessary to produce a
good volume output. In Fig. 11-5 T202 is the sound
takeoff transformer. It passes the 4.5 MHz sound
if while rejecting all other frequencies. Video is
separated from audio in the first video amplifier
by taking the video signal from the emitter and
the audio from the collector of Q205—capacitor
C214 and inductor L207 form a series resonant
sound if trap tuned to 4.5 MHz—thus allowing
the 4.5 MHz signal to go to ground through the
low impedance of C214 and L207 at resonance.
No nresonant frequencies encounter the high im
pedance of C214 and L207 and must proceed to
Q401, the video output.
As illustrated in Fig. 11-6, these circuits form
parallel paths for signal flow with the resonant
circuit of C214 and L207 acting as a variable im
pedance. The impedance to signal flow of 4.5 MHz
is low and the signal follows the path of least im
pedance to ground. At other frequencies C214 and
L207 present a higher impedance than that of the
video circuit so this signal too follows the path of
least impedance, into the video output circuit. So,
any remaining 4.5 MHz sound if signals at this
point are filtered from the signal presented to the
picture tube.

SOUND IF AMPLIFIER CIRCUITS

Today’s audio if circuits are usually in ICs as
seen in Fig. 11-4. A discrete transistor circuit is
illustrated in Fig. 11-5. Audio if amplifiers are
similar to video if’s but operate at a fraction of
the frequency. They are tuned to a narrow band of
frequencies corresponding to the fm audio fre
quency deviation (limited to ±25 kHz by the
Federal Communication Commission). There is
normally only one stage of sound if amplification
168
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Fig. 11-5. A discrete transistor sound if with diode ratio detector.

In the IC circuit of Fig. 11-7 sound if is also
taken from the first video amplifier. A sound trap
consisting of a parallel resonant circuit of L109,
C125 and C127 provides high impedance to the
resonant 4.5 MHz while allowing all other fre
quencies to pass through for picture production.
Transformer T300 couples the 4.5 MHz signal into
pins 1 and 2 of IC301, the sound if amplifier and
detector. Adjustments are identical to those of the
discrete circuit explained above.

Coil L207 (Fig. 11-5) is adjusted for minimum
sound interference on the screen. Transformer
T202 is adjusted for maximum volume. The 4.5
MHz sound if signal is amplified by Q206, and
further selected and passed on to the fm detector
by T203.
TO SOUND
IF

FROM
1ST
VIDEO

SOUND IF
TAKEOFF

VIDEO )

<=o

C214
L2O7/S

2ND
VIDEO

FM DETECTOR CIRCUITS

TO
CRT

Following the if is the fm detector, also usually
found in an IC as Fig. 11-4 shows. A discrete com
ponent detector is illustrated in Fig. 11-5. The
normal fm audio detector is either a ratio detector
or a discriminator which causes the shifting fre
quency to be changed to a varying voltage level
that is amplified and applied to the speaker.
The ratio detector and discriminator appear
very much alike at first glance but upon further
examination several differences can be observed.
First, note the direction of diode placement, then

SOUND IF
TRAP

T
Fig. 11-6. This sound trap is in parallel with the video circuit;
any 4.5 MHz sound signal left after takeoff is shunted to
ground.
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Fig. 11-7. An IC sound if circuit.

with both primary and secondary coils tuned to
4.5 MHz. An important note concerning the dis
criminator coil is that the secondary receives the
if signal input at its center tap as well as by in
duction from the primary so the upper half of the

the connection of load resistors and capacitors,
input transformers, signal output connection, and
the presence of stabilizing capacitor C3 in Fig.
11-8B.
In Fig. 11-8A, T1 is a double-tuned transformer

Dl

A

r

-------- 1

L ti

:

if I

(A) Discriminator.

AUDIO
-OUTPUT

I

LIMITER

J.

I e.
D2

B*

Dl

(B) Ratio detector.

ij
III

cizz VI

R1

C2
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C34-?
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R2

D2

R4

J

B+

I

Fig. 11-8. Fm detector circuits.
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secondary' is tuned to frequencies above 4.5 MHz
and the lower half to frequencies below 4.5 MHz.
Resistor R3 provides a complete path for current
flow for each diode and on occasion may be re
placed by an rf choke coil. When equal signal volt
ages are applied to both DI and D2, each diode
conducts equally and equal voltage drops result
across R1 and R2. Since the current (I) in DI and
D2 flows in opposite directions, the voltages across
R1 and R2 cancel. As the frequency on the trans
former secondary changes, more signal voltage
is applied to one diode while less will be applied
to the other. This is due to the fact that one diode
is a part of a circuit tuned to the low side of 4.5
MHz and the other is part of a circuit tuned to
the high side of 4.5 MHz. So if the incoming if
swings above 4.5 MHz, one part of the secondary

\Ml
(A) Fm signal.

(B) Fm signal with am noise pulses.

W1

(C) Clipped or limited fm—no intelligence is lost by clipping.
Intelligence is in frequency shift, not amplitude.

BIAS

CUTOFF

(D) Clipper maintains a bias to provide slight clipping
regardless of input signal strength.

Fig. 11-9. Fm clipping action.
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has more signal output and the other part has less,
one diode conducts more than the other and the
voltage drop across the two load resistors is un
balanced. By the polarity markings on resistors
R1 and R2 it can be seen that current flow through
these resistors is in opposite directions and the
voltage drop across the combination at output
point A is the result of these opposing voltage
drops.
The ratio detector is often used as an fm de
tector because it is insensitive to fm signal ampli
tude changes caused by electrical interference.
Because of this insensitivity a limiter stage does
not precede the ratio detector. In other fm de
tector circuits a limiter is usually necessary to
“clip” the fm signal (see Fig. 11-9) so no static
interference is allowed to disrupt the audio sig
nal. Such a limiter circuit may be a special ampli
fier circuit or be incorporated into the if amplifier.
In either case the amplifier is controlled by the
signal, much like the sync separator in Chapter 6,
to develop a bias which changes with input signal
strength. Signal level is kept at a constant ampli
tude, with the signal tips and thus any am inter
ference clipped as seen in Fig. 11-9.
A ratio detector can be seen in Fig. 11-8B. Like
the discriminator both primary and secondary of
T1 are tuned to resonate at the 4.5 MHz sound if
frequency. Diodes DI and D2 are in series, with
one of the diodes being reversed from that in the
discriminator. By being in series, stabilizing ca
pacitor C3 will charge to the diode output voltages
of VI plus V2. In order to keep the ratio detector
from reacting to amplitude modulation, this volt
age must be stabilized so as not to vary at an audio
rate. The output is obtained only when the ratio
between VI and V2 changes at the output, point A.
Total output voltage across C3 remains fixed. As
each diode conducts, a rectified voltage, VI or V2,
is created across Cl or C2 that is approximately
equal to the peak value of the incoming if signal.
Note that VI and V2 have opposite polarities from
point A to ground. At 4.5 MHz these opposite
voltages cancel and there is no output. As the
signal frequency changes one diode will conduct
heavier and the other will conduct less. Assume
DI conducts more, the voltage drop across VI
increases to 0.5 volt. Conversely, D2 conducts less
and V2 drops by 0.5 volt. The two rectified volt
ages, VI and V2, produce an identical change of
0.5 volt in the opposite directions at point A. Since
the output is taken from this point the amount of
output is the same as though only one diode were
supplying audio voltage corresponding to the fre
quency variations in the fm signal.
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Fig. 11-12. Complementary-symmetry audio output with a discrete transistor driver amplifier.

fifth of the total resistance. In Chapter 2 we
found that voltage drop is directly proportional
to the resistance. So one-fifth the total signal is
found to be between ground and the slider of
R304 and the set is at one-fifth volume.
Many ICs are now using voltage-controlled am
plifiers where a varying de voltage on an input
will cause the amplifier to vary its gain. Fig. 11-11
shows a circuit which is sometimes used in mono
chrome tv sound circuits. Changing the voltage

CONTROLS

Volume controls are usually simple ac voltage
dividers as seen in Fig. 11-10. As the ac signal
is put across the control any portion of the applied
signal can be chosen for use in later circuits.
For instance, if the lower section (ground to
slider) of R304 is 10K and the upper section
(slider to CircuiTrace 42) is 40K, the signal is
being taken from the 10K portion of R304 or one173
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Fig. 11-13. Single transistor audio output with an IC driver amplifier.

tern oscillation. The speaker is driven directly by
IC1 through coupling capacitor C18 in the IC cir
cuit of Fig. 11-14. Where a coupling or output
transformer is used the purpose is to match the
output impedance of the transistor or IC to the
low impedance of the speaker. Speakers being
constructed as they are (see Fig. 11-15) are low
impedance devices. If enough wire were used in
the voice coil windings to make it a high imped-

applied to the IC via de voltage divider RV901
causes the volume to be controlled.
AUDIO AMPLIFIER CIRCUITS

Once the fm signal has had the audio intelli
gence removed from it by the detector circuit, the
audio must be amplified and then reproduced by
the speaker. Two amplifier circuits are normally
used—a driver and the audio output circuit. The
driver may be a discrete transistor or part of an
IC system as shown in Figs. 11-12 and 11-13. In
Fig. 11-12, Q201 receives an audio input from the
detector/amplifier (IC201) via capacitor C210
and passes its amplified output on to the output
circuit via direct coupling. As is obvious from this
figure the amplifier circuit is quite simple.

VOICE COIL CONNECTIONS
FROM THE CONE TO
INSULATED CONNECTIONS
ON THE FRAME OR BASKET

SOFT "ROLL"
EDGE

WIRES FROM THE
VOICE COIL

VOICE COIL WOUND
ON A THIN, LIGHT
WEIGHT CYLINDER
FORM AND ATTACHED
TO THE CONE

AUDIO OUTPUTS

CONE

[nnunuh

PERMANENT ~
MAGNET

Audio output circuits usually fall in one of
three categories—IC, single transistor, and two
transistor systems. Examples of these are pic
tured in Figs. 11-12, 11-13, and 11-14. The single
transistor output circuit (Fig. 11-13) operates as
a Class A amplifier receiving its input from pin 12
of IC301 and driving the speaker through audio
output transformer T301. Degenerative feedback
is supplied to IC301 through R305 to prevent sys-

AIR GAP BETWEEN
VOICE COIL AND
MAGNET GREATLY
MAGNIFIED

FLEXIBLE CLOTH
"SPIDER "ALLOWS
CONE MOVEMENT
AND KEEPS COIL
ALIGNED IN MAGNET

BASKET (FRAME!

Fig. 11-15. Speaker construction.
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ance device, the voice coil would be bulky and
heavy and would not move easily enough to create
sound with good fidelity.
In Fig. 11-12, transistors Q202 and Q203 oper
ate as a complementary pair (see Chapter 6)
driven by Q201 the common emitter audio driver.
When an npn and a pnp transistor are connected
thusly they make up a complementary-symmetry
push-pull amplifier. Transistors Q202 and Q203
form a voltage divider from the positive 13.36 V
source to ground so approximately one-half of this
supply voltage can be measured at CircuiTrace 39
when no signal is applied to the circuit. Capacitor
C213, being essentially in parallel with Q203, is
charged to the same voltage. When a negative sig
nal appears at the collector of Q201, the bases
of both Q202 and Q203 are also negative. Tran
sistor Q203 will conduct, being a pnp and requir
ing a negative base, but Q202, an npn, will not
conduct. At this time capacitor C213 will charge
from ground through Q203, R210, and the speaker

causing the speaker cone to move. Next as the
collector signal of transistor Q201 goes positive
the bases of Q202 and Q203 are positive and Q202
conducts allowing a discharge path for C213 from
the left end of C213 through R209, Q202, to the
speaker, and to the right end of C213, causing the
speaker cone to move in the opposite direction.
Thus, as an audio signal is coupled to the output
circuit, charge and discharge currents through
C213 and the speaker are switched producing
speaker cone movement and audio reproduction.
TROUBLESHOOTING AUDIO CIRCUITS

Because of the low signal levels involved, few
sound problems are found other than with the
output transistor. Of course this is consistent with
our component failure analysis in that the output
transistor is often the only active device in the
circuit, and the only power device.
Both signal tracing and signal injection tech-

Chart 11-1. No Sound—Signal Tracing Troubleshooting Method
i

GOOD
SIGNAL

2

2a

CHECK FOR CORRECT B+
INSPECT THE SIGNAL AT THE
VOLUME CONTROL (POINT A IN
FIG ll 13) WITH SCOPE OR
SIGNAL TRACER IF THE SET
HAS A DC VOLUME CONTROL
CHECK THE SIGNAL AT THE
FIRST AVAILABLE AUDIO SIGNAL
POINT. SUCH AS POINT A IN FIG ll l|

CHECK FOR
SIGNAL AT
OUTPUT
TRANSISTOR
BASE

CHECK FOR IF
SIGNAL AT INPUT TO
THE DETECTOR IF
POSSIBLE (WITH
THE SCOPE)
CHECK IF INPUT
IF NO DETECTOR
INPUT IS AVAILABLE

NO
SIGNAL

3

GOOD
SIGNAL

N0
SIGNAL

CHECK FOR
SIGNAL AT
OUTPUT
TRANSISTOR
COLLECTOR

GOOD
SIGNAL

TROUBLE LIES
BETWEEN LAST
2 TEST POINTS POSSIBLE DEFECTIVE
DRIVER TRANSISTOR
OR COUPLING
CAPACITOR

GOOD
4a

8*0

TEST FOR IF
INPUT SIGNAL

3a

Sa

GOOD

BAD

REPLACE IF OR
IF/OETECTOR IC

6a

REPLACE DEFECTIVE
DETECTOR COMPONENTS
OR OETECTOR/IF IC

CHECK COUPLING
COMPONENTS
AND TAKEOFF
COIL

NO
SIGNAL

5

TEST OUTPUT
COUPLING CAPACITOR
OUTPUT TRANSFORMER.
SPEAKER AND EARPHONE
JACK/SWITCH

7

6

8
REPLACE
BAD
COMPONENT

CHECK BIAS
COMPONENTS
ANO OUTPUT
TRANSISTOR

7a

REPLACE BAD
COMPONENT

REPLACE BAD
COMPONENT

The no sound symptom is most often caused by defective ICs, defective transistors, and open
coupling capacitors. Test B-f- first. If there is no B-f-, troubleshoot source; if B-fr- is low, remove
audio output transistor and check voltage again. If it is normal, a problem may exist in the
amplifier which loads the B+ supply. If there is no change with the transistor removed, trouble
shoot the voltage source.
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Chart 11-2. No Sound—Signal Injection Troubleshooting Method
i

2

NORMAL
OUTPUT

INJECT SOUND
MODULATED IF
PRIOR TO DETECTOR
IF POSSIBLE
FOR DC VOLUME CONTROL
CHECK CONTROL VOLTAGE

BAD

CHECK FOR CORRECT B+
INJECT A LOW LEVEL
(APPROX IV) AUDIO
SIGNAL INTO SLIDE
TERMINAL OF VOLUME
CONTROL IF A DC
VOLUME CONTROL IS USED
INJECT THE SIGNAL AT
THE FIRST AVAILABLE
AUDIO SIGNAL POINT,
SUCH AS POINT A
IN FIG 11 11

OUTPUT
GOOD

2»
INJECT SIGNAL
AT OUTPUT
TRANSISTOR
BASE

GOOD
OUTPUT

NO
OUTPUT

DEFECT IS
BETWEEN THE
TWO INJECTION
POINTS AND
MAY BE DRIVER
TRANSISTOR OR
COUPLING CAPACITOR

INJECT SIGNAL
AT IF INPUT

5

TROUBLESHOOT B+
TEST VOLUME CONTROL

8
GOOD
OUTPUT

BAD
OUTPUT

6

NO
OUTPUT

31

3

GOOD

GO TO
NO 3

NO
OUTPUT
HEARD

CHECK COUPLING
FROM VIDEO
TAKEOFF AND
TUNED CIRCUITS

REPLACE
DETECTOR

41

INCREASE SIGNAL
LEVEL ANO INJECT
SIGNAL AT COLLECTOR
OF AUDIO OUTPUT

7
REPLACE IF

5a
CHECK BIAS
COMPONENTS
ANO OUTPUT
TRANSISTOR

GOOD
SOUND

NO
SOUND

7»
TEST OUTPUT
COUPLING
CAPACITOR.
OUTPUT TRANSFORMER.
SPEAKER ANO EARPHONE
JACK/SWITCH

6a
REPLACE BAD
COMPONENT

8a

REPLACE BAO
COMPONENT

load resistors, and out of alignment systems.
Signal injection or signal tracing can be used
but in some cases neither is effective in locating
the source of minor distortion. For this reason it
is suggested that a pure sine wave signal be in
jected and a scope used to trace that signal. Even
the slightest distortion can be detected in this way.
When the faulty stage is located, check bias com
ponents for change in values, coupling capacitors
for leakage, then change the IC or transistor.

niques can be used for troubleshooting the audio
system. Signal tracing is usually done with the
oscilloscope up to the detector output. At this
point an audio signal tracer can be used. For
signal injection, an fm signal of 4.5 MHz center
frequency is necessary for if and detector signal
injection. Any audio signal is suitable for audio
circuit signal injection.
Symptoms caused by audio circuit failure are:

1. No sound (Charts 11-1 and 11-2)
2. Distorted sound (Chart 11-3)
3. Hum in the sound
4. Low volume

HUM IN SOUND

Hum in sound is most often caused by B+
ripple from defective B+ filter capacitors and is
not usually found in circuits operating from hori
zontal output derived power sources. Derived
power source ripple frequency is 15,750 Hz so
even if a filter capacitor is leaky, the ripple fre
quency is too high to be considered hum.

DISTORTED SOUND

Distorted audio is caused by defective transis
tors (especially one of a complementary pair),
leaky coupling capacitors, changed value bias and
176
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Chart 11-3. Distorted Sound
i
CHECK 8+
INJECT A SINE WAVE MODULATED
4 5 MHZ SIGNAL INTO THE
SOUND IF INPUT LEAVE THIS
SIGNAL CONNECTED WHILE
COMPLETING THE FOLLOWING
TESTS

2

GOOD
WAVESHAPE

31

INSPECT THE AUDIO SIGNAL AT
THE EARLIEST POSSIBLE AUDIO
TEST POINT - USE THE SCOPE

DISTORTED
WAVESHAPE

TEST FOR DISTORTION
AT DETECTOR INPUT
IF POSSIBLE

DISTORTED
3

INSPECT THE AUDIO
SIGNAL AT THE INPUT
TO THE AUDIO OUTPUT
TRANSISTOR

7

UNDISTORTED

DISTORTED
WAVESHAPE

INSPECT THE AUDIO
SIGNAL AT THE
AUDIO OUTPUT
COLLECTOR

CHECK ASSOCIATED
COMPONENTS
REPLACE IF/OETECTOR
IC OR IF TRANSISTOR

DISTORTED

8
CHECK BIASING
AND COUPLING
COMPONENTS REPLACE OUTPUT
TRANSISTOR

DISTORTION CAUSED BY
COMPONENT BETWEEN
LAST TWO TEST POINTS
OR BY DEFECTIVE
OUTPUT TRANSISTOR
INPUT CIRCUIT

Sa

UNDISTORTEO

REPLACE BAO
COMPONENT

9

CHECK FOR
LEAKY OUTPUT
COUPLING CAPACITOR
AND BAD SPEAKER

5

REMOVE INPUT TO
OUTPUT TRANSISTOR
IF DISTORTION
DISAPPEARS, INPUT
CIRCUIT IS FAULTY CHECK COUPLING ANO BIASING
COMPONENTS - REPLACE
TRANSISTOR

10
REPLACE BAD
COMPONENT

6
REPLACE BAD
COMPONENT

loss. Most likely defects are leaky coupling capaci
tors and faulty transistors or ICs, but bias and
load resistors, if changed in value, can cause low
ered stage gain and low volume.

LOW VOLUME

Follow the same steps as for no sound but watch
for lowered signal level rather than for complete
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Antennas
Without a good input signal the television is of
little use. The key to good tv reception and picture
reproduction is the antenna system. The type of
antenna system necessary depends on several fac
tors including distance from the station, terrain,
number of stations to be received, and locally pro
duced interference.
Most sets will produce a picture of sufficient
contrast with a very poor signal yet the quality
of the picture may be bad due to excessive snow or
ghosts. Snow on the receiver screen is due to low
signal level and a high noise level, commonly re
ferred to as a low signal to noise ratio. The signal
must be of an amplitude such that it “overrides”
the noise, somewhat like speaking louder to be
heard in a noisy room. The signal level necessary
to produce a noise-free picture will vary slightly
from set to set but a signal of 600 /zV (microvolts
or millionths of a volt) should usually produce
reasonable picture quality. Cable companies nor
mally strive foi* about 1000 /zV of signal at the
set. No differentiation is made between mono
chrome and color signal requirements since a
signal strong enough to produce a good noise free
black and white picture should also produce a good
color picture in modern receivers.

Ghosts are caused by poor reception and inade
quately designed antenna systems. When two sig
nals from the same source arrive at the same an
tenna at slightly different times, two pictures are
produced. The secondary or weaker signal is re
ferred to as a ghost. Fig. 12-1 illustrates how a
ghost picture might be formed. A radio wave
travels at approximately 985 feet per microsecond
(speed of light) so if a bounce wave reaching the
antenna has traveled 1000 feet further than the
direct wave, it arrives a full microsecond later
than the direct wave. A microsecond (one mil
lionth of a second) may not sound like much time
but when translated into the distance of electron
beam travel across a 13-inch tv screen it will pro
duce a ghost Vi inch offset from the regular pic
ture. Ghosts can usually be eliminated by good
lead-in wire and a highly directional antenna
pointed in the right direction.
In most areas near a tv station an outdoor an
tenna is not needed. The transmitted waves can be
picked up by the uhf “loop” or built-in vhf “rab
bit ears.” In remote areas, however, an outside
antenna is a must. In a single family dwelling the
antenna system may be very simple, consisting of
an antenna, lead-in wire, and perhaps a rotor. For
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SECONDARY "BOUNCE " SIGNAL

TV
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Fig. 12-1. Two signals, one delayed slightly, cause ghosting.

5. Safety check receivers for power line leak
age to the antenna.
6. Use standard antenna system connectors and
equipment.
7. Use proper climbing equipment (ladders,
supports, etc.).
8. Dress correctly—hard hat, rubber sole “grip
per” shoes, etc.
9. Obtain help to handle heavy or hard to man
age equipment.

the apartment house, motel, or school, a larger
more complex system must be provided.
In this chapter we discuss antenna theory, gen
eral information, system installation, and safety.
Only a minimum of antenna theory is presented
due to space requirements and the complexity of
the subject. If further theory is desired, numerous
texts are available. One of the most complete text
books on antenna theory is the American Radio
Relay League’s The A.R.R.L. Antenna Book. One
of the best industry produced texts is Channel
Master’s MATV Systems Planning Manual.

The biggest hazard in installing antennas is
from coming in contact with the power mains or
ac distribution lines. Many people are injured or
killed each year when they raise or lower antennas
or antenna towers into the ac power wires. Others
experience the same fate as they drop, throw, or in
some way have lead-in cable and ladders come into
contact with the power lines. You cannot be too
cautious. Plan the system so the antenna, tower,
lead in, and ground wire are clear from the power
wires by a great enough distance that there is no
chance of any contact. This would also apply dur
ing the carrying of the antenna system compo
nents to the installation site.
Climbing safety should not be ignored either.
It is essential that good climbing apparel be worn.
Soft, rubber soled shoes, loose, flexible pants and
shirts, and a hard hat are required. Ladders

ANTENNA SAFETY

The most important consideration in antenna
installation and troubleshooting is safety. Each
year people who should know better become care
less—and die, because they ignore antenna safety
guidelines. The rules for working safely with an
tenna systems are few and simple:
1. Think before acting.
2. Do not erect an antenna structure near
enough to a power line to allow contact be
tween the two.
3. Do not try to throw lead-in wires from one
point to another where there is even a re
mote chance of power line contact.
4. Ground all antenna structures properly.
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should be constructed of a nonconductive material,
such as wood. If an aluminum ladder must be used
it should never be placed so that it could contact
power lines in the event it slides or falls. On high
chimneys where a chimney mount is being used,
a smart installer will use pole climbing gear simi
lar to that used by telephone and power linemen.

SMALL SCALE ANTENNA SYSTEMS

DIPOLE
ELEMENTS

C

Fig. 12-3. A simple dipole.

Antenna Theory

An antenna installation for the single family
residence is shown in Fig. 12-2. Make note of the
terminology applied to the various parts of the
system. Portions of this small scale system will be
discussed in the following pages. Then attention
will be focused on small scale antenna system
installation and troubleshooting.

The dipole antenna is used as a basis for study
of more elaborate antenna types. It consists of
two wires or metal rods mounted in line with each
other but not making contact. Fig. 12-3 shows the
dipole in simple form. All antennas are considered
to be a signal source or “generator” having an
impedance as illustrated in Fig. 12-4. The gen-

0

9

L

4^?^
Ku
A- ALL CHANNEL ANTENNA
B- ACTIVE ELEMENT (DIPOLE)
C- ROTOR
D- MAST
E- TWIN LEAD-NOTE SUFFICIENT
WIRE TO ALLOW ANTENNA TO TURN
F- CHIMNEY MOUNT KIT
G- STAND OFF INSULATORS KEEP
LEAD-IN 4 TO 6 INCHES FROM
CONDUCTORS OR ROOF WHICH
ABSORBS SIGNAL FROM LINE
WHEN WET

H LEAD-IN WIRE

H- ROTOR CONTROL WIRES TAPED TO MAST
I- LIGHTNING ARRESTER ATTACHED TO GROUND LEAD
J- DR IP LOOPS KEEP WATER FROM FOLLOWING WIRE
INSIDE
K- GROUND ROD
L- GROUND WIRE
M- ROTOR CONTROL
N- TWO CHILDREN WATCHING CARTOONS HAPPY WITH
THE TERIFFIC SIGNAL

Fig. 12-2. A single dwelling antenna system.
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SIGNAL
SOURCE

light in meters by the frequency. For example a
frequency of 60 MHz has the wavelength of 5
meters, or roughly 16.4 feet.

Z
IMPEDANCE

11--------

A=

Fig. 12-4. All antennas are considered to be a signal source
with an impedance.

erator is in reality the received signal created by
the broadcast signal (magnetic field). The im
pedance depends on the type and design of the
antenna and varies with the physical length of
the antenna in proportion to the wavelength of
the signal being received.
Signal wavelength is illustrated in Fig. 12-5 as
the distance between points of a wave that have
the same polarity and amplitude. Notice that as
the antenna current is maximum, a maximum
number of magnetic lines of force are created and
their numbers gradually decrease as antenna cur
rent decreases. Put in terms of travel distance,
at the speed of light, the higher the frequency the
closer together in space are the points of maxi
mum magnetic flux so the wavelength is short,
hence the term shortwave. Likewise, the lower the
frequency the further apart are these points and
the wavelength is longer. The wavelength in me
ters can be calculated by dividing the speed of

300,000,000
f

where,
X is wavelength in meters,
f is frequency in hertz.

or
_ 300

A“

f

where,
f is frequency in megahertz.

Wavelength is of the utmost importance in an
tenna design. As the magnetic field crosses an an
tenna, currents are induced which duplicate the
broadcast antenna current and they distribute
themselves along the antenna according to the
densities of the magnetic field as seen in Fig. 12-6.
In Fig. 12-6 antenna currents are represented by
a sine wave showing their distribution on the an
tenna. The current must be minimum at the end of
the conductor. Because the antenna is a resonant
circuit, its output is greatest when it is resonant
with the received signal. The resonant frequency

fAAGHtf'0
lines

Fig. 12-5. Wavelength is the
distance between points of
equal amplitude at same po*
larity.

^ELENg*

ANTENNA

Fig. 12-6. Currents are created
in the antenna as the magnetic
field cuts across the antenna.
f l£tD 'WAV0DIPOLE

FULL-'N^t
DIPOLE
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of the antenna is almost wholly determined by the
length of the dipole. However, because of capaci
tance which alters antenna current distribution,
the antenna must be shortened by about 6% in
order to be resonant. The resulting formula for
half-wave antenna calculations reflecting this 6%
change is:

.

(

ir

)

(A) Folded dipole.
STATION
B

’station

STATION*'
C

A

462

x=—

where,
A is wavelength in feet,
f is frequency in megahertz.
MINIMUM
RECEPTION
FROM SIDES

Because current is maximum at the center
terminal of the half-wave dipole, according to
Ohm’s law the impedance must be minimum. The
impedance of the half-wave dipole is approxi
mately 72 ohms. As antenna length is changed and
the signal take-off point changes relative to the
current distribution, antenna impedance changes.
Because the current distribution on the full-wave
dipole is such that the current is minimum at the
signal take-off points (see Fig. 12-6) impedance
is maximum at approximately 5000 ohms.
Though the antenna has been explained to this
point as being a signal source with an impedance,
it is sometimes more advantageous to consider it
as a series resonant circuit. Fig. 12-7 shows the
equivalent circuit of the dipole with its induc
tance, capacitance, and resistance. The values of
inductance and capacitance are such that the an
tenna is always resonant at the frequency for
which it is approximately one-half wavelength
long.
The most common tv antenna type is the folded
dipole shown in Fig. 12-8A. It has essentially the
same characteristics as the simple dipole. It has
the same outside length, the same resonant fre
quency, and the same pick-up pattern as shown in
Fig. 12-8B. But two considerations make the
folded dipole more useful for tv uses. It has a
higher impedance (300 ohms) and a broader fre
quency response which is better for picking up a
6 MHz wide channel bandwidth.
To the folded dipole “active” or “driven” ele
ment, parasitic elements are added as seen in
Fig. 12-9. Parasitic elements improve the antenna
performance but are not physically connected to
the active element. Directors are placed in front

AREA OF
PICKUP

(B) Dipoles pick up equally well on each broadside
Best reception on station B, worst on station A.
Fig. 12-8. Folded dipole and pickup pattern.

of the active element. As they have currents in
duced on them by the arriving signal, the magnetic
field about each director is such that they are
slightly out of phase and add to the signal as it
reaches the active element. This causes more sig
nal to be available from the dipole than would be
possible without the directors. The antenna is now
considered to have a “gain” because it has more
output than the dipole alone.
When a reflector is added, its placement and
length is such that its magnetic field tends to
cancel out any signal coming from the rear of the
antenna. So an antenna with directors and a re
flector will have gain on signals it is pointed
toward, and very little signal reception from the
rear and sides. By adding reflectors and directors
and by changing spacing and length of the an
tenna elements, broadband antennas can be de
signed to cover all tv channels.
As you have previously learned, impedances
must be matched to get maximum transfer of
power from one circuit to another. Considering
REFLECTOR
ACTIVE
ELEMENT

^JLW—----- UULU
DIRECTORS

Fig. 12-9. Addition of directors and reflectors make antenna
more sensitive and directional.

Fig. 12-7. Equivalent circuit of a dipole antenna.
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(A) Uhf/vhf log-periodic
(deep fringe reception).

(B) Single channel yagi.

(D) Uhf corner reflector.

(E) Local reception.

(C) Fringe reception.

(F) Fm.

Fig. 12-10. Common antenna types. (Courtesy Channel Master Corp.)

the extremely small signal available at the an
tenna, it is obvious that the entire system, an
tenna, lead-in, and tv must be well matched in
order not to loose signal. A 300-ohm folded dipole
matches well with readily available 300-ohm twin
lead which in turn matches the common 300-ohm
receiver input. For matching 300-ohm antennas
to other types of wire, special matching trans
formers are necessary. Wire types and character
istics will be covered later in this chapter.
The greater the number of elements the antenna
has, the more gain, directivity, and front to back
rejection ratio it will have. Antenna manufac
turers classify reception areas as local, fringe, and
deep fringe or some variation of these. Fig. 12-10
gives an illustration of the antennas used for each
signal classification. Notice that the greater the
distance from the station the larger the antenna
necessary. There is no substitute for mass of metal

for good reception. As described previously, when
the magnetic field broadcast by the station cuts
across the antenna elements, a small current is
produced in the antenna. The varying magnetic
field produces a current in the antenna that is
identical to the current in the broadcast antenna
which created the magnetic field. More metal for
the field to cut across means more current in
duced. Just as in transformers when more turns
are added to the secondary coil, more voltage out
put is obtained.
Because of this principle of magnetic field cut
ting across mass, antenna orientation is impor
tant. Signals are broadcast polarized in a hori
zontal or vertical direction, or in some cases a
portion of the signal is broadcast in both polariza
tions. Television signals are broadcast primarily
via horizontal polarization and for this reason tv
antennas are oriented horizontally. Most inter184
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Fig. 12-11. Sometimes the primary signal is blocked out and the antenna must be pointed at a strong secondary signal.

ference is radiated by vertical polarization so by
broadcasting in a horizontal plane, most interfer
ence is kept to a minimum. The receiving antenna
must be “pointed” at the broadcast station or the
signal to be received. In cases where “bounce”
signals and multipath reception is common, the
antenna may have to be oriented toward the
strongest signal or toward the bounce location. An
example might be such as seen in Fig. 12-11 where
the antenna is pointed toward a nearby building
in order to receive any signal at all. Remember in
such a situation, the more antenna elements, the
more directional the receiving pattern, and the
greater the rejection of signals from the sides and
the rear of the antenna.

Fig. 12-12. Twin lead wire.
AAAr-

A

B
AW

C

D

A-LEAD INDUCTANCE
B- LEAD RESISTANCE
C-INSULATION (DIELECTRIC)
RESISTANCE
D-INSULATION (DIELECTRIC)
CAPACITANCE

Fig. 12-13. Wire has resistance, capacitance, and inductance
which affects its use at high frequencies.

Lead-In Wire

Most home use antennas have 300-ohm im
pedance outputs so for low signal loss, correct im
pedance matching is a must. The most commonly
used lead-in line is the 300-ohm twin lead shown
in Fig. 12-12. Lead-in wire is classed according
to manufacturer’s type, such as twin lead, coaxial,
ladder, etc. Each type is further classed according
to its characteristic impedance and the insulation
materials used. The term impedance has been ex
plained and lab exercises performed in the SAM.
In wire the term “characteristic” impedance is
used. If wire is viewed in relation to its effect on

signal currents it must appear as seen in Fig. 1213, as having inductance, capacitance and resis
tance along its entire length. When this LRC is
mathematically combined it is referred to as the
characteristic impedance. Regardless of the length
of wire the relationship of L, R, and C to each
other is constant so the impedance is constant no
matter what the length of the wire. It is a char
acteristic of the wire type, size, insulation, and
spacing and is thus called the “characteristic”
impedance.
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Table 12-1. Common Cable Types and Their Losses
Cable Characteristics
Nominal Attenuation dB per 100 Feet

Cable

Ch. 2

Ch. 6

Ch. 7

Ch. 13

Ch. 20

Ch. 30

Ch. 40

Ch. 50

Ch. 60

Ch. 70

Ch. 83

Color Duct
Foam Color Duct

2.3
2.1
2.6
2.3

2.7
2.5
3.5
2.7
1.9
1.7
1.4
1.0
.67

3.8
3.3
4.9
3.8
2.8
2.2
1.6
1.4
.72

4.2
3.8
5.4
4.2
3.0
3.2
2.3
1.5
1.1

6.5
5.9
8.3
6.2
4.8
5.1
3.9
2.5
1.5

7.0
6.3
8.8
6.6
5.2
5.3
4.0
2.6
1.8

7.5
6.7
9.2
6.8
5.6
5.5
4.1
2.7
2.1

7.8
7.0
9.7
7.1
5.9
5.7
4.2
2.9
2.4

80
7.3
10.3
7.3
6.2
6.1
4.4
3.1
2.7

8.4
7.7
11.0
7.7
6.5
6.2
4.6
3.3
3.0

9.0
8.0
11.9
8.0
6.8
6.8
4.9
3.5
3.1

RG 59/U
RG 59/U Foam
RG 6 Foam
RG 11/U
RG 11/U Foam
.412 Cable
.500 Cable

1.4
1.1
.74
.52

1

Courtesy Channel Master Corp.

SINGLE STANDOFF

INLINE DOUBLE STANDOFF

Fig. 12-14. Lead-in and stand
off insulators hold the lead-in
away from materials which ab
sorb or re-radiate signals.

SNAP ON STANDOFF

4" NAIL DRIVE IN STANDOFF
FLAT MASONRY
DRIVE IN

Some wire types have advantages over others
for particular uses. Table 12-1 shows common
cable types and their losses. Notice in this table
that coaxial (often called coax) cable (RG 59/U)
has a much higher loss at uhf frequencies than
twin lead. This is for new wire and will change
with age and deterioration. Twin lead cracks with
age and absorbs moisture causing much higher
losses especially during damp weather.
Coax is much better than twin lead in areas
where interference is a problem or the signal must
be distributed alongside power and telephone
lines. Because of its construction, the shield, which
is usually grounded, conducts interfering signals
to ground while shielding the signal carrying
inner wire. Twin lead provides little protection
against interference but has lower losses at high
frequencies. More care must be taken in routing
twin lead. Because of the lack of shield, if the wire
is laid on a large mass of metal such as guttering,
aluminum siding, etc., signal is absorbed from

the lead in and signal loss results. Interference
can also be the result of this as the metal also ab
sorbs signals and re-radiates them to cause inter
ference in the lead in (see Fig. 12-14).
Most household installations requiring a short
lead in to one or two sets will use twin lead. Twin
lead with its 300-ohm impedance can be connected
directly to the receiver and the antenna, but 75ohm coax requires matching transformers as seen
in Fig. 12-15. Use of twin lead presents another
advantage over coax in that it is easily connected.
Coax requires special connectors as shown in Fig.
12-16, but twin lead requires only stripping and
wrapping around a screw terminal.

C

Fig. 12-15. Antenna matching transformer (balun). (Courtesy
Winegard Co.)

Fig. 12-16. RG-59 cable and F connector. (Courtesy
Winegard Co.)
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Fig. 12-17. Field-strength meter. (Courtesy Blonder-Tongue Laboratories, Inc.)

A word about purchasing lead-in wire. Do not
buy “bargain basement” wire. It may be coax or
twin lead but with cheap wire, impedances change
with insulation imperfections and the shield may
be sparsely woven. In many cheaper twin lead
wire brands, there will be a big difference in the
wire resistance due to the reduced number of
strands of wire in the cheaper lead in.

helpful because it gives an indication of quality
of picture as well as signal strength indication. A
field strength meter may indicate good signal
strength but cannot differentiate between a strong
primary signal and several weak “bounce” sig
nals which would appear as ghosts on the tv.
In most suburban areas, neighborhood signals
can be expected to be similar but in rural areas
they vary widely. For assurance of a working sys
tem, anywhere, the signals should be measured
before planning the system.
When possible the same antenna should be used
for signal tests as will be used in the installation.
If this is not possible, use an antenna with a
known gain figure. Then the expected signal level
can be determined for the antenna to be used. The
signal levels found at different heights and loca-

Signal Strength

It is necessary to have some idea of the signal
strength available at the antenna before much
time and money is expended in putting in a sys
tem to find that it doesn’t work. A field-strength
meter (Fig. 12-17) connected to a test antenna
will indicate how much signal is available. In
mountainous regions or in cities, a portable tv is
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tions in the area should be recorded. The antenna
location can then be determined as that with the
best overall signal levels.

Table 12-2. dBmV Versus Microvolts
dBmV

—40
-39
—38
-37
-36
-35
—34
-33
-32
-31
-30
-29
—28
-27
-26
—25
-24
—23
-22
-21
-20
— 19
— 18
-17
-16
-15
— 14
—13
— 12
-11
-10
—9
—8
-7
-6
-5
—4
-3
—2
—1
-0

The Decibel (dB)

Signal levels are measured in microvolts but
because of the difficulty in doing calculations with
the 6 and 7 digit numbers, most antenna calcula
tions are made in decibels. The bel is a unit of
measure of power related to sound production
and named for Alexander Graham Bell, inventor
of the telephone. The decibel is equal to Mo of a bel.
Decibels are logarithmic ratios and as such they
are added and subtracted instead of divided and
multiplied. In almost all antenna installations be
cause of the use of decibels, mathematics is kept
to the addition and subtraction of one and two
digit numbers.
The mathematical formula for the decibel used
in antenna work is:
dB = 20 log

El
10E2

You will probably find little use for the formula
since most people use prepared tables such as the
one in Table 12-2.

It was mentioned that the dB is a ratio—as such
it has no absolute value. Think of it as a rubber
rule—it merely indicates the relationship of a
measurement to a preestablished reference level.
The reference level for antenna measurements is a
standard of 1000 p.V. Because of the logarithmic
nature of the dB, the relationships are NOT
linear. For example 10 dB is not twice as much as
5 dB. A signal level of 5 dB is equal to 1800 /zV
and a 10-dB level is equal to 3200 /zV. Chart 12-1
Chart 12-1. Typical dB//zV Comparisons
10 dB
20 dB
30 dB
40 dB
60 dB

=
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28
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40
45
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80
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100
110
130
140
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200
220
250
280
320
360
400
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500
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630
700
800
900
1,000

dBmV

uV

dBmV

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1,000
1,100
1,300
1,400
1,600
1,800
2,000
2,200
2,500
2,800
3,200
3,600
4.000
4,500
5,000
5,600
6,300
7,000
8,000
9,000
10,000
11,000
13,000
14,000
16,000
18,000
20,000
22,000
25,000
28,000
32,000
36,000
40,000
45,000
50,000
56,000
63,000
70,000
80,000
90,000
100,000

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

uV

100.000
110,000
130,000
140,000
160,000
180,000
200,000
220,000
250.000
280.000
320.000
360,000
400.000
450.000
500.000
560.000
630.000
700.000
800.000
900.000
1.0 volt
1.1
1.3
1.4
1.6
1.8
2.0
2.2
2.5
2.8
3.2
3.6
4.0
4.5
5.0
5.6
6.3
7.0
8.0
9.0
10.0

still try to have 1000 /zV of signal and many
manufacturers are putting 75-ohm connectors on
the set along with the 300-ohm connectors. Use of
75-ohm inputs allows the set to be used directly on
cable systems. The following are examples of the
use of dB measurements:

1000 /zV = 3200 /zV
1000 /zV = 10,000 /zV
1000 jzV = 32,000 jzV
1000 /zV = 100,000 /zV
1000 /zV = 1,000,000 /zV

gives some examples of how different dB levels
relate to each other. Note that the reference level
used in antenna calculations is 1000 /zV across 75
ohms of impedance. With this reference, 0 dB
equals 1000 /zV across 75 ohms. A signal of less
than 1000 /zV will be given as a negative dB
number. The 1000-/zV and 75-ohm figures were
chosen because in earlier times 1000 /zV was the
signal level thought necessary to provide a good
picture and the sets often used 75-ohm inputs. We

1. A known antenna with a 6 dB gain is being
used to make preliminary signal tests.
2. The antenna to be installed will have a 12 dB
gain.
3. The field-strength meter shows an output of
-8 dB or 400 /zV from the test antenna (see
Table 12-2).
What will be the signal strength output from the
new antenna?
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1. It has a 6 dB gain over the test antenna.
12 dB
new antenna
6 dB
test antenna
6 dB more gain with the
difference
new antenna
2. With the 6 dB gain added to the -8 dB of
the test antenna a signal strength of —2 dB
should result. A signal strength of —2 dB
equals 800 /zV of signal, enough to give a
good picture though not up to standard. If
more signal is needed a higher gain antenna
or an amplifier could be used.
Antenna Amplifiers

When the signal is weak special low noise pre
amplifiers are mounted on the antenna (see Fig.
12-18) to boost the signal level. A power supply
comes with the amplifier and is often mounted on
the rear of the receiver. It supplies de to the pre
amp through the lead-in wire.

Fig. 12-19. Antenna rotator. (Courtesy Channel Master Corp.)

When the signal survey has been made with a
field-strength meter and a portable tv, and the
available signal is still less than required for a
good picture, an amplifier should be chosen which
can provide the necessary gain. Amplifiers like

Fig. 12-18. Antenna preamplifier. (Courtesy Winegard Co.)

d*

(A
Fig. 12-20. Antenna mount
ing kits.

TRIPOD
MOUNT

c«>

1

BASE
MOUNT
PEAK MOUNT

fO'

RATCHET TYPE
CHIMNEY MOUNT
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antennas are specified according to their dB gain.
Some examples are as follows:
1. Measured antenna output, —7 dB or 450 /zV.
2. To get a 0 dB signal to the receiver an ampli
fier with a minimum of 7 dB gain is neces
sary.
3. A 10 dB amplifier can be purchased which
will give an output of 3 dB (—7 dB from
the antenna plus 10 dB amplifier gain equals
a 3 dB output) or 1400 p,V of signal—plenty
of signal for a good picture.

Amplifiers are not always capable of providing
a constant output level for all channels because of
the frequencies involved. An amplifier with a 10
dB gain on Channel 2 may have only a 9 dB gain
on Channel 13, and a 7 dB gain on Channel 83.
This must be taken into account when buying the
antenna preamp. Other things necessary to watch
for are impedance, maximum input level, and the
number of sets which can be connected. Amplifiers
are available for use with 75-ohm or 300-ohm out
puts and with one or more receiver output con
nections. Input level specifications are important
if the amplifier must be used where a strong local
signal can be received. If the local signal is greater
in amplitude than the amplifier can handle, the
signal will be distorted on that channel.
Antenna Rotators

In locations where signals arrive from several
directions a rotator is used to point the all-channel
antenna toward the incoming signal to be re
ceived. The rotator system consists of a control
unit usually set on top of the receiver, and a
geared motor to turn the antenna. A typical ro
tator is shown in Fig. 12-19.
Special wire is required to operate the rotator.
Usually either 3 or 4 conductor cable is used to
carry the operating current from the control unit
to the motor. Operating voltage for the motor is
normally about 28 volts.
Observe caution when wiring rotators. Be sure
enough wire is left hanging from the antenna to
allow the antenna to complete a 360° turn. Once
the rotator is installed, set the rotator dial to an
identifiable point, i.e., north. Then set the antenna
in the direction indicated on the control dial. Use a
compass for setting direction and be sure the
antenna mast and mounts do not pull the compass
off its true reading.
Antenna Mounting

The antenna needs to be above all surrounding
obstructions for best reception. They are often
190

mounted on towers, chimneys, roof peaks, the eve
of the house, and in the attic. Mounting kits are
available for about any place an antenna can be
mounted. A selection of mounting brackets is
shown in Fig. 12-20.
When using any mounting system use common
sense and caution. For a mount that bolts down to
the roof, a good quality silicon or latex caulk
should be used to ensure against leaks. In locations
where high winds are likely, use a low-mass an
tenna and guy wires. Chimney mounts must not
be used on old, deteriorated chimneys. All clamps
must be tight so the antenna cannot move. An
tennas should not be mounted over metal roofs or
:n attics where foil-backed insulation or aluminum
siding has been used. The presence of such large
amounts of metal makes clean signal pickup diffi
cult because of signal absorption and reflection.
Antennas and masts are often hard to manage
because of their size. It is advisable to have help
in installing antennas of a size or weight that
would be difficult for one person to handle easily.
Make sure all clamps and brackets are tight before
raising the antenna. Coat all connections and
clamp screws with a clear plastic spray such as
Krylon to prevent corrosion and rust. Then, when
the antenna is ready to erect, set the mast to the
base and attach two opposite guy wires to their
roof anchors. Now, with a helper on one of the
remaining two guy wires the two installers can
easily pull the antenna into position. These two
guy wires are anchored and all guy wires adjusted
for a vertical antenna.
If ladders are involved, and they usually are,
be sure to use proper safety precautions. A nonconductive ladder is preferred but if an aluminum
ladder is used make sure it cannot come in contact
with any electrical wiring. The base of the ladder
should be placed a distance equal to one-third of
the ladder height from the wall. For example, if
you have an 18 foot ladder, its base should be
placed 6 feet from the wall it is leaning against.
If the ladder is pulled from the wall a greater
distance than this, it may bend or break because
of the weight distribution. If it is placed much
closer to the wall than this, there is a possibility
that the ladder may topple over backwards.
If an extension ladder is used, keep the rope
and pulley in good condition and make sure the
locks are solid. Do not attempt to raise an exten
sion ladder by yourself. Even aluminum ladders
are often too top-heavy for this and you can lose
control easily.
Since most antennas are mounted on the roof or
require some walking on the roof it is good to be

Antennat

aware of the dangers and rules of working on
roofs. Avoid working on steep roofs without an
choring or safety lines. Don’t attempt to work on
steep roofs unaided. Hook a ladder over the roof
peak so you can work on the ladder, or if possible
slant the ladder from the ground so that it is lay
ing on the roof and then work on the ladder. A
few don’ts are listed as follows:

______—GROUND WIRE CONNECTION

LEAD IN

Fig. 12-21. One type of twin lead lightning arrestor.

1. Don’t leave tools lying on the roof—you
might step on them and slip.
2. Don’t make any sudden moves—if you drop
a tool, don’t try to catch it.
3. Stay off slate and wood shingle roofs—both
are easily damaged and you will have the
repair bill to pay.
4. Walk carefully on all types of roofs. Abuse
of any roof will cause it to leak and the cus
tomer to be very dissatisfied.
5. Don’t work close to the edge of the roof.

All these are based on a preliminary signal
survey.
2. Determine the type of wire needed. Take
into account the amount of local interfer
ence possibilities, the environment of lead
in (near power wires, etc.), the length of
lead in needed, and the channels to be re
ceived.
3. Locate antenna placement. Survey of sig
nal will give some indication as to best loca
tion. Observe chimney condition. Observe
use of aluminum siding, foil backed insula
tion, etc.
4. Determine the type of mount needed—it de
pends on where the antenna is to be located.
5. Determine the location of television receiv
ers.
6. Determine the shortest path for the lead-in
wire. Watch for metal (plumbing, gutter
ing, power and telephone lines, aluminum
siding, foil backed insulation, etc.). Use
feedthrough bushings for feeding wire
through walls. Use stand-off insulation for
routing lead in around guttering, etc.
7. Run the lead-in wire and rotor wire, if
used. Solder all connections.
8. Mount the mast and antenna. Install rotor
if used.
9. Ground the mast.
10. Install the lightning arrester.
11. Connect the set.
12. Orient the antenna for best signal and align
the rotor if used.

Grounding and Lightning Protection

All antenna masts should be grounded in the
same way as the home electrical system. Use a UL
approved ground rod long enough to reach under
ground moisture—this length will vary greatly
from one part of the country to another, so check
local electrical requirements. Drive the ground rod
into the ground so 6 inches of it remains above the
surface. A ground clamp purchased with the rod is
used to clamp the large gauge (usually No. 10)
wire to the ground rod. The other end of the
ground wire is clamped securely to the antenna
mast.
The antenna lead in should have a lightning ar
rester placed between the antenna and the re
ceiver. The lightning arrester provides a spark
gap path to ground for high voltages. When a
lightning arrester such as seen in Fig. 12-21 is
used, lightning is passed to ground via the spark
gap between the antenna lead in and ground as
the high voltage lightning or static build-up occurs
on the line.
Installing the Small System

A well planned antenna system is installed more
quickly, easily, and works better after installation
than the haphazard installation. Take time to plan
so time and effort are not wasted—work safely.
A sample plan follows:

TROUBLESHOOTING THE SINGLE
DWELLING ANTENNA SYSTEM

The single dwelling system is simple—trouble
shoot it via logical elimination, eliminating the
most troublesome elements first (see Charts 12-2,
3, and 4). These are normally amplifiers and poor
connections.
Common symptoms created by antenna system
faults are:

1. Determine the type of antenna needed. Take
into account the distance from the station,
the directivity needed for reduction of
ghosts, and the amount of gain needed.
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Chart 12-2. Troubleshooting the Unamplified
System

Chart 12-3. Troubleshooting the System With
Antenna Amplifiers

SUBSTITUTE THE ANTENNA
SIGNAL WITH A DOT BAR
GENERATOR

SUBSTITUTE THE ANTENNA SIGNAL
WITH A DOT-BAR GENERATOR

NO IMPROVEMENT

GOOD PICTURE

NO IMPROVEMENT
TROUBLESHOOT
RECEIVER

GOOD PICTURE

TROUBLESHOOT
RECEIVER

IMPROVEMENT ON
STRONG SIGNALS

BAD AMPLIFIER

REMOVE AMPLIFIER

NO IMPROVEMENT ON
STRONG SIGNALS

CHECK ANTENNA CONNECTIONS
ALL WIRE CONNECTIONS, ANO
ANTENNA ELEMENTS FOR BENDS
AND BREAKS - REPAIR

CHECK LEAD-IN
FOR CRACKS AND
BREAKS

NO
IMPROVEMENT

CHECK ANTENNA CONNECTIONS CLEAN AND REPLACE CHECK
ANETNNA FOR BENT AND
BROKEN ELEMENTS

NO IMPROVEMENT
BAD

REPLACE WIRE

BAD

REPLACE

REPLACE
OR REPAIR

Symptoms: Weak reception, snow, ghosts
SYMPTOM INTERMITTENT

NO IMPROVEMENTS

TROUBLESHOOT
RECEIVER

SUBSTITUTE THE ANTENNA SIGNAL
WITH A DOT BAR GENERATOR

Chart 12-4. Troubleshooting the System With
Antenna Amplifiers
GOOD PICTURE

SUBSTITUTE THE ANTENNA
SIGNAL WITH A DOT BAR
GENERATOR

CHECK ANTENNA FOR TOUCHING
ELEMENTS AND CHECK LEAD-IN FOR
WORN INSULATION ALLOWING THE
WIRE TO TOUCH GUTTERING ETC
CHECK ALL WIRE CONNECTIONS

NO IMPROVEMENT
GOOD PICTURE

TROUBLESHOOT
RECEIVER

Symptoms: Snow, ghosts, weak reception

1.
2.
3.
4.

Snow
Ghosts
Intermittents
Weak reception

REMOVE AMPLIFIER
ADJUST RECEIVER FOR
STRONG LOCAL STATION

GOOD SIGNAL
BAD AMPLIFIER

MASTER ANTENNA TELEVISION (MATV)

NO IMPROVEMENT

CHECK ANTENNA FOR BENT
AND BROKEN ELEMENTS CLEAN AND REPAIR LEADIN
WIRE CONNECTIONS

The MATV systems provide good quality tv sig
nals to the occupants of apartment houses, hotels,
motels, schools, and businesses where individual
antennas would not be possible for each unit. The
MATV systems may be very complex and must be
carefully planned to provide the quality of signal
demanded by the tv systems in use today. It is
basically a system of cables and special equipment
used to process and distribute the antenna signal
for use by many receivers.

NO IMPROVEMENT

REPLACE WIRE

Symptom: Intermittent

Antennas must be chosen as for small single
dwellings. Remember now that a rotor cannot be
used and unless all the channels to be received
come from the same direction, an all channel an
tenna cannot be used. Antennas cut for single
channels are most often used for MATV systems
because they have more gain than all channel an
tennas. They can also be stacked as shown in Fig.
12-22, for even more gain. Stacked antennas
should be spaced as illustrated in Fig. 12-22 so the
signals from both antennas travel the same dis
tance before combining. By traveling the same

The Head End

Technicians usually refer to the antenna and
signal processing equipment as the “head end of
the system. Signals here may be changed to the
frequency of another channel by a process called
“converting” and undesirable signals may be
trapped and filtered, while desired signals are
amplified and distributed.
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cate the amount of noise (picture snow) the
amplifier creates. Of course, the lower, the
better, which means a large negative dB
number.

300 ft
LINE

Signal Processing and Mixing

1/4 A

Signal processing equipment must be used to
sort the good signals from the bad, eliminate inter
ference, mix signals, convert them to different
frequencies, and attenuate (make smaller) them.
The equipment used may consist of filters, traps,
mixers, converters, and attenuators.

Fig. 12-22. Vertically stacked antennas.

distance the signals are in phase and add, creating
an additional gain of up to twice the gain of a
single antenna. Antennas may be stacked side by
side or vertically. Vertical stacking sharpens di
rectivity in the vertical plane and so reduces noise
pickup from sources below the antenna.

Filters and Traps

Filters and traps are used to eliminate inter
fering signals such as fm stations and various
other broadcast and industrial rf sources. The

Preamplifiers

As with single dwelling systems, if the signal
is too weak to provide an acceptable picture it may
be preamplified. Preamplification can take place
on a single antenna or more than one antenna in a
multiantenna system. A typical commercial pre
amp is shown in Fig. 12-23.

Fig. 12-24. Adjustable trap. (Courtesy Channel Master Corp.)

packaging of a trap circuit may take any form,
from a sealed box with input and output con
nectors to a unit with dials for trap band width
adjustments as seen in Fig. 12-24.

SoOEt OSS-’

1

Mixers

Where individual single channel antennas are
used, mixing is usually required. Remember that
the total resistance or impedance of a group of
parallel connected components is a function of

Fig. 12-23. MATV single channel antenna preamp. (Courtesy
Jerrold Electronics Corp.)
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The following four characteristics should be ex
amined when choosing a preamp :
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. When antennas are

connected in parallel the impedance of the system
drops accordingly, antenna to line mismatch oc
curs, and signal loss results. By using a mixer
(see Fig. 12-25) several antennas can be fed into
the mixer, the system impedance is unchanged,
and all the channels come out on one line for
common amplification and distribution.

1. Is it intended for use with vhf and uhf, vhf
or uhf only, and does it have fm traps to
eliminate fm interference.
2. Preamp gain must be chosen to provide ade
quate signal to the system.
3. Input capability of the preamp is given in
pV and is important where both high and
low level signals will be amplified. The high
level local signal must not overload the sys
tem so the higher the input capability the
better. An overloaded input causes severe sig
nal distortion.
4. All preamps have noise figures which indi-

Converters

Converters work like the tv tuner. They beat
the incoming channel against a local oscillator to
create a difference signal at a frequency of an
other tv channel. They are most often used to con
vert a uhf channel down to an unused vhf channel
for distribution as a lower loss, low frequency
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scription of distribution system equipment will be
an analysis of a typical MATV system illustrating
how to determine system losses.
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Fig. 12-25. Antenna signal mixer. (Courtesy Channel Master
Corp.)

signal. Also, where adjacent channels may cause
interference one of the channels may be converted
to a nonadjacent channel before distribution.

The purpose of the distribution amplifier is to
boost the head end signal enough to overcome
system losses and to provide a minimum of 0 dB
(1000 /zV) per receiver operated from the system.
In order to choose a distribution amplifier the
technician must consider the channels to be re
ceived, the loss of the system to be fed with the
signal, gain of the amplifier, and the available in
put signal. A distribution amplifier is pictured in
Fig. 12-27.

Attenuators

Wide variations in signal levels usually exist
from channel to channel. For equal quality on all
channels, the individual signal levels should be
balanced to prevent strong signals from over
riding the weaker signals. An attenuator (Fig.
12-26) can be fixed or variable and can be used
to attenuate a single channel or the entire band.
However, because attenuators drop the output
level of all frequencies by the same amount, if a
single channel is to be attenuated, it must be sepa
rated from the nonattenuated signals.
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When the head end has been designed, installed,
and the levels of each channel equalized, it is time
to design the distribution system. Once the signal
out of the head end has been checked and when
the system losses have been calculated, the distri
bution amplifier can be selected. Following a de

Output

V

Fig. 12-27. A distribution amplifier. (Courtesy Jerrold Elec
tronics Corp.)

Either broadband or single channel amplifiers
may be chosen. Single channel amplifiers are often
used when adjacent channels are involved. If ad
jacent channels are to be received, each channel
must be filtered to prevent interaction. To achieve
this, single channel amplifiers are required. If
adjacent channel reception is not intended, a
broadband amplifier can be used. Broadband am
plifiers may be purchased for vhf and fm, uhf, or
combined vhf, uhf, and fm.
Single channel amplifiers have the advantage of
providing complete control over each individual
channel and some have age while others have man
ual gain controls. The loss of a single channel
doesn’t wipe out the entire system—a definite plus.
These advantages make the single channel ampli
fier much preferred over broadband amplifiers for
all larger MATV systems. In addition they may

f CHANNEL MASTER |

.Li -i

PUT

/
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ATTENUATOR

V

------ eta

>

Fig. 12-26. Signal attenuator. (Courtesy Channel Master Corp.)
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have other important features such as attenuator,
gain, and tilt controls. The attenuator can reduce
the input by a specified amount across the entire
bandwidth of the unit. If the amplifier input sig
nal is 12 dB and the amplifier cannot accept over
8 dB without overloading, the attenuator can re
duce that signal to a usable level.
Gain controls are used to adjust the output level
of the amplifier to match it to the system loss.
Most amplifiers will provide a gain control for each
band (vhf lo, vhf hi, and uhf) for more flexibility.
Tilt controls “tilt” the amplifier characteristic
to give more amplification at one end of the band
and less at the other end. Usually, less amplifica
tion is necessary at the low frequency end of the
band than at the high frequency end. The reason is
that the distribution system has more loss in the
cable at the higher frequencies so the higher fre
quencies need more amplification.

available. Two, three, or four way splitters may be
purchased. A two way splitter is shown in Fig.
12-29.

W.C**

4(16

Fig. 12-29. A two way splitter. (Courtesy Winegard Co.)

Tapoffs

A tapoff is used to deliver signal to individual
receivers from the distribution line. They take
enough signal from the line to operate the set,
pass the larger part of the signal down the line
and provide isolation between sets. If isolation
were not provided, local oscillator signals from
one set could possibly feed back into the line to
other sets creating interference.
Two types of tapoffs are generally available:
the wall tap and the line tap. Wall taps are placed
in the wall, like an ac outlet, in standard electrical
boxes. They are available with 300- or 75-ohm
outputs.
Line tapoffs are used to provide an output from
a central trunk line as might be found running
down a long hallway in schools, motels, etc. Thej
provide low loss to signals passing on down the
trunk line, with a high degree of receiver isolatior
from the line. The ac and de voltages will pass
through a line tapoff from trunk line input to out
put but not to the receiver output. By passing
ac/dc voltages, control voltages can be put on th<

Other Distribution Equipment

The MATV systems use 75-ohm coaxial cable
to distribute the signal. Most installations use
cable designated RG-59 and “F” connectors (Fig.
12-28). Where longer runs of cable are needed,
larger lower-loss cable is used. Typical cable desig-

Fig. 12-28. RG-59 cable and F connector. (Courtesy BlonderTongue Laboratories, Inc.)

nations for such “long run” uses are RG-11U,
0.412 or 0.500. These cables have solid aluminum
shields and foam insulation, making them suitable
for outside and underground use. Special, larger
connectors are used with these cables. Table 12-1
gives the loss of distribution cables per 100 feet.
Cable loss must be taken into consideration when
planning the distribution system.

c
u

I

CHANNEL MASTER
model 7227

2
X

UHF/VHF/FM
LINE TAPOFF
I2db

Splitters

Sometimes it is necessary to “split” the signal
into more than one distribution line. The line
splitter accomplishes this objective. They may be
purchased according to the number of outputs

Fig. 12-30. A line tapott. (Courtesy Channel Master Corp.)
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trunk line to operate in-line signal boosting ampli
fiers. A line tapoff is shown in Fig. 12-30.
Matching Transformers

Because 75-ohm cable is used to distribute the
MATV signal and many tv’s accept only 300-ohm
inputs an impedance matching transformer must
be used. It is recommended that the transformer
be used at the receiver antenna terminals because
a length of 300-ohm line could pick up enough
signal from strong local stations to create inter
ference. Sometimes, special waterproof trans
formers are used to match antenna to line im
pedances. In this case they attach to the antenna
at the dipole terminals.
Some matching transformers, like the one in
Fig. 12-31, provide the additional function of band
splitter. It accepts all channels at its input and
provides outputs for vhf, uhf, and sometimes fm.
They can be purchased with either 75- or 300-ohm
input impedance.

Fig. 12-31. Matching transformer. (Courtesy Channel Master
Corp.)

Terminators

Each unused output on an antenna system
should be terminated in the characteristic im
pedance of the transmission line or tapoff. If the
line isn’t terminated, signal coming to that point
is not used, and is reflected back into the system
causing ghosts as the reflected signal arrives at
the tv later than the primary signal. Terminators
are resistors often encased in an “F” plug as seen
in Fig. 12-32.

Fig. 12-32. A 75-ohm termina
tor. (Courtesy Channel Master
Corp.)

design an MATV system. The distribution system
is designed before the amplifier is chosen because
the distribution system losses, in part, determine
the amplifier requirements. Step No. 1 in design
ing the system is to find where each tv signal out
let is to be placed. Obtain a blueprint or a sketch
of the building layout and mark the outlets and
distribution amplifier locations.
Cable Loss—Determine from the building plans
the best way to run the distribution lines. Cable
runs should be as short as possible, avoid zigzags,
loops, and use the least amount of equipment pos
sible to cut down on signal losses. Every piece of
cable has a loss—determine cable loss for the
highest frequency used. Always figure vhf systems
at Channel 13 loss. See Table 12-1 for cable loss
figures.
Splitter Loss—When splitters are used the sig
nal output will be less than its input. For a two
way splitter the signal loss per output leg will be
about 3.5 dB less than that of the feed line. As
an example, assume that a two way splitter has an
input of 26 dB. It will supply about 22.5 dB to
each output. This reflects a 3.5 dB loss per branch.
Isolation Loss—Each tapoff reduces the signal
taken from the line by an amount specified as “iso
lation” loss to keep the tuner local oscillator of
one set from interfering with another set. For
example, if there is an 18 dB signal on the distri
bution line, and a 17 dB isolation tapoff is used to
take part of that signal for use by a receiver, the
signal available for that set would be 1 dB. The
17 dB is referred to as tapoff isolation loss.
Since this is not actually a signal loss on the
trunk line it is not counted as a system loss until
the last tapoff on the line. At this point it is a
loss between the trunk line and the tapoff output.
This loss must be replaced by amplification pro
vided by the distribution amplifier. Normal tapoff
isolation values are 23 dB, 17 dB, and 12 dB.
Insertion Loss—All tapoffs create a small loss
on the trunk line as signal flows through the tap
off. This loss is referred to as feedthrough or
insertion loss because it is a loss caused by insert
ing the tapoff. When calculating total system loss,
the insertion losses of each tapoff are added to
determine the total system insertion loss. As a
rule the higher the value of tapoff isolation used,
the lower the insertion loss per tapoff.
A SAMPLE SYSTEM

Designing the Distribution System

At this point a sample vhf MATV system will
be designed, step by step. Fig. 12-33 shows a
simple diagram of a two-branch, nine-terminal

Now that the major pieces of equipment and
their uses have been discussed we are ready to
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each give a total loss of 3.5
dB.............................................. 3.5 dB loss
4. Isolation loss. Each tapoff
causes some loss on the trunk
line as the signal passes
through it. Because the lowest
isolation value available for
wall tapoffs is 12 dB we must
have a minimum of 12 dB of
signal remaining at the input
of the last tapoff. Branch loss
is 12 dB.................................12.0 dB loss
Total system loss........ 26.9 dB

DISTRIBUTION
AMPLIFIER

♦30 d8
3.5 dB SPLITTER LOSS

< 2

r-

|

35 FEET
-1.5dB
CABLE LOSS

-.3 dB

25 dB
23

------- ► 2 dB TO SET

TAPOFF LOSS

30 FEET
23.4 dB

-1.3dB
CABLE LOSS

- .3dB
TAPOFF LOSS

23

-1.3 dB
CABLE LOSS
-,7dB
TAPOFF LOSS

,4dB TO SET

We must have a minimum of 27 dB of signal
from the head end to overcome system losses and
allow each set to have a minimum of 0 dB of
signal. A distribution amplifier of this amount of
gain must be specified if the antenna system de
livers 0 dB of signal to the amplifier. If more
signal is provided by the antenna, less must be
provided by the amplifier and vice versa. For in
stance, if the antenna system has an output of 2
dB the amplifier would need only a 25 dB gain.
However, many MATV designers suggest over
specifying the amplifier by 6 dB for safety. If this
were the case, instead of using a 27 dB amplifier,
a 33 dB amplifier would be used. Naturally, the
amplifier with a gain figure nearest the gain
needed would be purchased.
When head end requirements are resolved, iso
lation values for each tapoff must be determined.
Each set should have a minimum of 1000 pV of
signal input (0 dB). To achieve this and keep
insertion losses to a minimum the highest possible
isolation value is used. We have already mentioned,
the 3 common isolation values as being 23, 17, and
12 dB. An example of using the greatest isolation,
value possible is: If the input signal is 17 dB, a
17 dB isolation tapoff can be used and the re
ceiver will still have its 0 dB signal input. If the
signal level dropped below 17 dB, an isolation
value of 12 would be necessary. A typical receiver
can handle a signal level of up to 48 dB or 250,00C
/xV, or more, before the tuner overloads.
In the example in Fig. 12-33, the amplifier sup
plies 30 dB to the splitter which then delivers 26.E
dB of signal to each branch line. In our example
the line from the antenna to the amplifier and froir
the amplifier to the splitter is so short that cable
loss is negligible. In some cases this may not be
the case and the loss would have to be calculated.
In order to reach the first tapoff, 1.5 dB of sig
nal is lost in the cable. A 25 dB signal reaches th-

45 FEET

-1.9 dB
CABLE LOSS
-7dB
TAPOFF LOSS

------

21.2 dB
17
■

17

------

4.2dB TO SET

FEET
19.2 dB

—

2.2 dB TO SET

35 FEET

-1.5 dB
CABLE LOSS

17 dB

17

------- *■ OdB TO SET

TERMINATION

Fig. 12-33. A sample diagram of a two-branch, nine-terminal
MATV system.

system as might be used in a small motel or apart
ment building. The MATV symbols are illustrated
in Fig. 12-34. Refer to Fig. 12-33 while following
the system design explanation. Figures are given
for the largest branch line.
1. Cable loss (RG-59 U foam)
175 feet of cable at a loss of
4.2 dB/100 feet....................... 7.9 dB loss
2. Splitter loss—two way split
ter ........................................
3.5 dB loss
3. Insertion loss. The longest
trunk line is always used for
the basis of MATV calcula
tions so our system will be
based on the line with five
tapoffs.
At this time our losses are
estimates so an average isolation loss tapoff will be speci
fied. Of the three isolation
values available the 17 dB
unit is the average unit. It has
an insertion loss of 0.7 dB per
unit. Five units at 0.7 dB loss
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Symbol

HEAD END EQUIPMENT
Description

DISTRIBUTION SYSTEM EQUIPMENT
Symbol
Description

A
A

/ / Antenna

Balun

A
A
A
A.

3 Way Splitter

A
_cl

Antenna Joiner

£

2 Way Splitter

Preamplifier

4 Way Splitter

Variable Isolation Wall Tap

Power Supply

One Way Line Tap

Hi-Lo Joiner

Two Way Line Tap

U/V Joiner

4 Way Line Tap

Variable Attenuator

“0” dB Wall Outlet

Fixed Attenuator

A/W Terminator

Lo Band Sound Carrier Reducer
Hi Band Sound Carrier Reducer

UHF/VHF Band Separator
H—t- t-x Matching Transformer

Lo Band Hi "Q” Trap

■j“ Cable Adapter RG-6

Hi Band Hi “Q” Trap

-I- Cable Adapter RG-11,
T .412, .500 to *‘F”_____________

Lo Band Mixing Unit

4- Cable Adapter .412, .500 Entry
i" Mount with Pin

Hi Band Mixing Unit

Cable Adapter 5/8” Entry to
Female *‘F”

Converter
power]
supply]

Auxiliary Power Supply

Broadband Distribution Amplifier

0
0

Line Amplifier

Single Channel Bandpass Filter
Power Adder

Single Channel Amplifier

PB

Voltage Block

Fig. 12-34. MATV symbols.

dB can be used and the receiver will be supplied
0.4 dB of signal—0.4 dB greater than the required
0 dB. Only 21.2 dB of signal reaches tapoff No. 3
so a 17 dB isolation unit must be used. This gives
the set a 4.2 dB signal input. The 17 dB tapoff has
an insertion loss of 0.7 dB. After insertion and

first tapoff. With 25 dB at the tapoff an isolation
value of 23 dB can be used, allowing 2 dB or 1300
^.V of signal to reach the set. The tapoff has an in
sertion loss of 0.3 dB and the following 30 feet of
cable has a 1.3 dB loss so tapoff No. 2 receives
23.4 dB of input. Again an isolation value of 23
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5. Power line interference
6. Ghosting

cable losses of 2 dB, tapoff No. 4 has an input of
19.2 dB and delivers an output of 2.2 dB. Again a
17 dB isolation value can be used. Cable and inser
tion losses leave a 17 dB input to the last tapoff,
delivering a 0 dB signal to the last set. Because
this is the last tapoff a 75 ohm terminator resistor
must be used if the tapoff is not self-terminating,
as some are.
The second branch line of the system will be
calculated in the same manner. It is much simpler
if the branch lines can be balanced as closely as
possible. Remember that the system is designed
around the branch with the largest loss.

Cross modulation

Cross modulation occurs in amplifiers when an
input signal exceeds the maximum input rating of
the amplifier. Where overloading occurs, two chan
nels beat together and both pictures can often be
seen at the same time. It is sometimes identified as
the windshield wiper effect and will occasionally
produce a negative picture (see Fig. 12-36).

INSTALLATION

The MATV installation requirements are basi
cally the same as for the single residency home.
Heavier duty equipment must be used for dura
bility. Special commercial grade antennas and
mountings are required but installation methods
are the same. Care must be taken in preparing
the coax and fittings. Bad connections can cause
ghosts, intermittents, and snow. Use a crimping
tool as pictured in Fig. 12-35 to make sure all con
nections are well made. Be sure the antenna strucFig. 12-36. Cross modulation Interference.

Overmodulation

Overmodulation occurs in single-channel ampli
fiers. The symptom is similar to age failure in the
receiver, with the picture going dark, having ex
cessive contrast, and loosing sync. Overmodula
tion distortion can be eliminated or reduced by re
ducing the amount of input signal via the use of
attenuators. It does not occur in multichannel
amplifiers because cross modulation would be a
problem long before the signal level was sufficient
to cause overmodulation.

Fig. 12-35. Coax crimping tool. (Courtesy Winegard Co.)

ture is correctly grounded and lightning arresters
are inserted in the coax near the antenna. Coaxial
lightning arresters may be difficult to find in some
locations, but are readily available through ham
radio equipment dealers.

Adjacent Channel Interference

A herringbone interference pattern is caused by
adjacent channel interference (see Fig. 12-37).
When a channel next to another channel is strong
enough, it will override the weaker channel caus
ing adjacent channel interference. All succeeding
channels are adjacent with the exception of 4 and
5, and 6 and 7. A 4 MHz guard band lies between
Channels 4 and 5. Channel 6 has an upper fre
quency of 88 MHz and Channel 7 does not begin
until 174 MHz with various emergency, business,
amateur, and the commercial fm band falling be
tween them.
Adjacent channel interference can be elimi-

TROUBLESHOOTING MATV SYSTEMS

Problems most often encountered in MATV
systems are:

1.
2.
3.
4.

Cross modulation interference
Overmodulation distortion
Adjacent channel interference
Co-channel interference
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the system, use shortest possible lengths of twin
lead, and if problems are worse in wet weather call
the power company. In damp weather moisture ac
cumulates in cracked power line insulators and the
interference worsens. Replacement of the insu
lators by the power company should eliminate the
problem.
Ghosts

Fig. 12-37. Adjacent channel interference.

nated by increasing the weak channel or attenu
ating the strong channel. Tunable traps may also
be used to attenuate the picture or sound carrier
of the interfering channel.
Co-Channel Interference

When two stations on the same channel are re
ceived simultaneously both pictures can be seen on
the screen. This co-channel interference can be
eliminated or minimized by using more directional
antennas or by antenna stacking.
Power Line Interference

The buzzing and crackling of power line inter
ference is caused by antennas being located too
near high tension power lines, pick up on twin
lead, and faulty power line equipment. Locate an
tennas as far from power lines as possible, ground
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Ghosts are caused by poor insulation, multipath
reception at the antenna, or secondary pickup by
the receiver or down lead. Ghosts are of two va
rieties—leading or trailing. Trailing ghosts are
most common and are caused by receiving a sec
ondary or bounce signal slightly later than the
main signal. Leading ghosts are less common and
are caused by pickup of strong local signals by
the wire that connects the tuner to the antenna.
This signal is displayed a microsecond or so before
the antenna signal. The result is a leading ghost.
To cure the leading ghost problem, shield the short
connecting length of wire between the tuner and
the antenna connectors. Use the shortest possible
length of twin lead between the wall tapoff and
the antenna connectors. If possible use coax and
connect a balun or matching transformer as close
as possible to the antenna terminals.
Trailing ghosts are either antenna orientation
problems, lack of line termination, or poor con
nections. Poor connections will cause an imped
ance mismatch and signal reflections. Check for
correct antenna direction, terminations at unused
outlets, and poor connections.

Interference with picture or sound reproduction
in a television receiver is caused by frequencies
falling within the television receiving frequencies
or by other frequencies of high enough amplitude
to cause overriding of the television circuits.
The most up-to-date and comprehensive mate
rial on television interference was published re
cently by the Electronic Industries Association.
This material is reprinted in part in the following
pages.
The television electronics technician will find
some areas are susceptible to moderate or even
severe television interference (tvi). The following
are typical causes of television interference:

pages, always make certain that there is no mal
functioning circuitry in the receiver itself. An
open coil within the antenna matching trans
former can produce a snowy picture and make a
receiver susceptible to interference. Check for an
open matching transformer or open transmission
line by simply sliding a hand along the transmis
sion line while observing the effect on the picture.
If the picture changes considerably as the hand is
moved, the line or antenna is probably open.
Interference can also be caused if the age cir
cuits are functioning improperly. For example, if
the rf bias becomes too high and the if bias be
comes too low due to a divider network changing
in value the picture can become excessively snowy
and be subject to rf beat interference.
Alignment of a receiver must also be correct if
interference is to be minimized. The sound trap
and adjacent channel traps must be tuned properly
and the overall alignment must be correct.
The technique of dealing with television inter
ference is an expansive subject. Modern receivers
have been designed to greatly minimize problems
of interference. Still, a technician should be pre
pared to deal with interference promptly in in
stances when it does show up.

Medical diathermy and X-ray equipment.
Industrial rf heating equipment.
Amateur radio transmitters.
Police radio communications.
Fm broadcast transmitters.
CB radio transmitters.
Electrical appliances.
Automobile ignition noise.
Neon signs.
Static from electrical storms.
Radio paging stations.
Short-wave radio transmitters.

Shields

All of the preceding are capable of originating
signals which may fall in or near the frequency
range of the television receiver, causing disrup
tion of the picture or sound. (It is not possible to
design a television receiver to reject unwanted
signals at frequencies within tv channels.) In ad
dition to the above, front-end overload can occur
from strong signals in the 0-54-MHz range, caus
ing interference to the picture or sound.

Don’t get careless about reinstalling tube shields
and other shields properly after servicing a re
ceiver. Such carelessness has been known to result
in cases of interference beats in the picture, if
oscillation, degraded picture, distorted sound, and
critical fine tuning. Proper placement of tube
shields on the tubes in the tuner unit, picture if,
and sound if sections of the receiver is particularly
important. Check the grounding spring to ensure
good contact between the tube shield and the chas
sis. Always make certain that all shields placed
over tubes and components are properly installed
and grounded.

RECEIVER CONSIDERATIONS

Before taking steps to reduce or minimize forms
of interference in the ways outlined in following
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IDENTIFICATION OF INTERFERENCE

Since the majority of interference problems in
volve the customer’s location and/or locally gen
erated interference which affects the equipment
while in the customer’s home, there is little use in
attempting to cure the problem without first call
ing at the customer’s home and investigating first
hand. Attempts to obtain the necessary informa
tion from the customer by phone are unlikely to
be successful due to the technical nature of the
details which must be investigated.
There is no basis for the assumption that the
absence of interference in a given piece of equip
ment makes that equipment better. Tvi happens in
the best of families, and we mean the best. Equip
ment with the highest sensitivity and gain are
better prospects for tvi than inexpensive low-gain
equipment.
First, of course, it must be determined that it is
not an internal defect of the television equipment
that causes the problem. Tvi may originate inside
the television equipment. Once it has been deter
mined that the equipment is not at fault, the fol
lowing information should be obtained by checking
the equipment and questioning the customer. Fol
lowing is a checklist of questions that should lead
the technician to understand the basic characteris
tics of the interference:

1. What does the interference look like?
a. Beat pattern.
b. Venetian blinds.
c. Windshield wiper.
d. Vertical black bars.
e. Horizontal black bars.
f. Picture blacks out.
2. Can you hear the interference in the loudspeaker?
a. Does it sound garbled ?
b. Is it music?
c. Is it an intelligible voice?
3. Is it from a commercial fm station, CB
amateur radio station, or from other communication system?
4. Do you know the call letters of the station ?
5. Do you know the location of interference,
how far away, same house, next door, etc?
(Interference produced by CB or ham
equipment owned by a relative of the com
plaining customer in the same house has
been known to have happened.)
6. Are there specific times of the day or night
when the interference is noticed?

7. Do you know the broadcast frequency of
the interfering station ?
8. On what channels can the interference be
seen ?
9. Does the interference come and go or is it
on continuously?
10. Does the interference disappear when the
antenna is disconnected?
11. Can the interference pattern be tuned with
the fine tuning control?
12. When moving the set to a different room of
the home (or a different place in the same
room) are there changes in the intensity of
the interference, or, possibly, does the interference disappear?
13. Is the same interference found on other
television receivers in the home or in the
neighbor’s home ?
14. Does adjusting the antenna affect the interference ?
15. Does dressing antenna transmission line
affect the interference?
16. Does the interference disappear when a
different ac outlet is used?
17. Does the interference disappear after all
the lights in the customer’s home are
turned off?
18. Can the interference be heard on a portable radio? If it can be heard, carry the
radio from room to room to determine
where the interference is the loudest. If
there are electrically operated devices in
the room turn them off one at a time.
Do not promise the customer a complete cure to
his problem. In some cases only a reduction of the
interference may be possible, and reducing the
problem is better than no solution at all. Make the
customer aware of the fact that this problem is
unique and cannot be duplicated in the shop.
SOLUTIONS

Most interference problems can be solved by
eliminating the source of the interference signal.
Others, however, must be filtered out at the re
ceiver. These interference signals can usually be
eliminated by the use of commercially available
traps and filters as discussed in Chapter 12. Where
no available trap or filter will work, or the cor
rect unit is not available, traps can be constructed
by the technician. The subject of trap construction
is too involved for this text but is included in Ad
vanced Color Television Servicing available from
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CITIZENS BAND TRANSMITTER
HARMONIC RADIATION

Diagnosis

Citizens band harmonic radiation interference
pattern or garbled sound on television Channels 2,
5, 6, 9, and 10 may be caused by the second, third,
fourth, and seventh harmonic of a Class-D Citi
zens’ Radio Service transmitter operating on fre
quencies in the 26.96 MHz to 27.41 MHz band.

in harmonic responses, or spurious responses in
the tv rf amplifier or mixer stage.
Identification

The picture may black out, or interference pat
terns and/or garbled sound may be present on all
channels to a varying degree (Fig. 13-2).

Identification

Harmonic radiation interference (Fig. 13-1)
may be identified as a “beat pattern’’ and/or “gar
bled sound’’ on Channels 2, 5, 6, 9, and 10. The in
terference may appear on one or more of these
channels, depending on the proximity of the trans
mitter during transmission.

Fig. 13-2. CB, tv tuner overload.

Elimination

1. Check the tv antenna installation and deter
mine if antenna system components and con
nections are good.
2. Check the lead-in wire; if it is too long re
move excessive length.
3. Determine if interference is caused by direct
pickup by chassis. Disconnect antenna leads
for this test.
4. Install a 75-ohm or 300-ohm high-pass filter
to the tv antenna terminals. In strong signal
areas it may be desirable to install an attenu
ator pad in series with the filter to reduce
front-end overload.
5. When a booster or a broadband distribution
amplifier system is used, strong nearby
sources of interference may overload the am
plifier. In such cases the filter should be in
stalled at the input of the amplifier and, if
needed, at the antenna terminals of each tv
receiver.

Fig. 13-1. CB transmitter harmonic radiation.

Elimination

CB harmonics radiated at the transmitter can
not be suppressed at the tv receiver, since they oc
cur at tv frequencies. If the CB transmitter is
available, the technician, with the cooperation of
the CB operator, may make brief tests in the
“transmit” and “receive” positions with a lowpass filter in and out to determine if the transmit
ter is radiating harmonics into the antenna trans
mission line. Low-pass filters are available for the
suppression of harmonics at the transmitter.

AMATEUR TRANSMITTER FUNDAMENTAL
AND HARMONIC RADIATION

CITIZENS BAND, TV RF TUNER OVERLOAD

Diagnosis

Diagnosis

There are primarily two types of amateur in
stallations utilizing the 3.5 to 4.0, 7.0 to 7.3, 14.0
to 14.35, 21.0 to 21.45, 28.0 to 29.7, and 50 to 54
MHz ham band frequencies. These are the ampli-

Interference patterns, garbled sound, or picture
blackouts, on all television channels, may be caused
by overload conditions in the tv rf tuner, resulting
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tude modulated carrier (am) and single-sideband
suppressed carrier (ssb) transmitters. Both gen
erate the same type interference beat when modu
lation takes place. The suppressed carrier trans
mitter produces no interference problems during
the nonmodulation times, while the am carrier
transmitter can produce an interference pattern
while the transmit switch is closed.

The resulting interference pattern has a con
stant characteristic which looks like a cw beat pat
tern having vertical lines slightly tilted, or it may
have an X or diamondlike shaped pattern through
out the picture.

Identification

Identification

The modulated carrier interference patterns
from 14, 21, and 28 MHz may look like a series of
fine vertical lines tilted slightly (Fig. 13-3). The
suppressed carrier transmitter interference looks
like bursts of interference, varying in width at an
audio rate.

The beat pattern (Fig. 13-4) will vary with the
interference frequency and is related to the hori
zontal systems in the tv.
Fine tuning will not change its intensity or fre
quency; however, the contrast control will make
the intensity change.

AM BROADCAST

Diagnosis

Fig. 13*3. Amateur transmitter radiation interference.

Fig. 13-4. Interference from am broadcast.

Elimination

1. Install a 75-ohm or 300-ohm high-pass filter
to the tv antenna terminals. High-pass filters
are commercially available and are designed
to attenuate any signal falling in the 0-52MHz range, which may be causing television
interference.
2. Fixed-tuned traps or tunable traps can also
be used to effectively reduce tvi.
3. High-pass filters, fixed-tuned traps or tun
able traps may also be used when the problem
has been diagnosed as front-end overload.
This is a condition where an undesired signal
from a transmitter reaches the tv rf and
mixer stages of the tuner and generates har
monics which are not harmonically related to
the transmitting frequency. Also under cer
tain conditions picture and/or sound or a
combination of both types may be fed back to
the input circuits of the receiver and create
interference.

Elimination

Install a 10-pF to 100-pF capacitor in series
with each side of the antenna lead. Use only ULapproved components suitable for antenna isola
tion applications.
40-MHz FM TRANSMITTER RADIATION
Diagnosis

The resulting beat in the picture is related to
the fm carrier and the modulating frequency. The
carrier frequency location near the picture if car
rier, as well as its strength, will determine its se
verity, and the modulation of the carrier will show
as a fine or coarse grain pattern. The determining
factors being fine grain is a higher modulating fre
quency and a coarse grain, the lower modulating
frequency. No modulation produces a vertical pat
tern tilted slightly.
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Identification

Isolation of the tuner from the antenna will tell
whether the interference enters through the tuner
or through the if system.
Should the interfering pattern disappear (Fig.
13-5), the results are from either direct channel

Fig. 13-6. Interference caused by fm receiver oscillator.

other station. Check by using an fm radio in close
proximity to the tv antenna. Tune in the fm station
to the lower end of the fm band and note simi
larity in patterns.
Fig. 13-5. Interference from 40-MHz fm transmitter.

Elimination

response or 40-MHz signal spray from the antenna
wire going from the antenna block to tuner.

1. If the interference is identified with an fm
receiver located in the same home, turn off
the fm receiver.
2. Install a fixed tuned trap or tunable trap to
the tv antenna terminals or lead-in wires
close to the antenna terminals. To avoid
shock hazard, install the filter and/or at
tenuator pad outside the cabinet of the set
as close as possible to the antenna terminals.
3. Install separate fm/tv antennas if a common
antenna is used.

Elimination

1. Install a 40-MHz antenna trap to the tv an
tenna terminals. Tune the trap to the tvi fre
quency. To avoid shock hazard, install the
filter and/or attenuator pad outside the cabi
net of the set as close as possible to the an
tenna terminals.
2. Separate the uhf and vhf antenna transmis
sion lines and leads to minimize the tvi.

CO-CHANNEL INTERFERENCE

FM RECEIVER OSCILLATOR
HARMONIC RADIATION

Diagnosis

The resulting interference pattern that develops
when two channels on the same frequency inter
fere with one another produces two noticeable
conditions: (1) Venetian blinds (mild). (2)
Windshield wiper (severe). The horizontal and/
or vertical blanking interval floats through the
picture on the selected channel.

Diagnosis

In an fm receiver the local oscillator operates
above the fm incoming signal by 10.7 MHz. The
second harmonic of the local fm oscillator falls
into high band Channels 11, 12, and 13, producing
a beat pattern looking like diagonal lines slightly
changing their angle due to oscillator instability.
For example, when the fm receiver is tuned to a
90-MHz incoming signal, the fm local oscillator
will oscillate at 100.7 MHz. The second harmonic
of the fm local oscillator will fall at 201.4 MHz, in
the range of Channel 11 (198-204 MHz).

Identification

Co-channel interference (Fig. 13-7) can become
severe enough that the interfering channel will
synchronize with and become the prime picture. At
this point, picture viewing is impossible.
Usually the interference is the result of iono
sphere reflection, which is most noticeable in
warmer weather or where the receiver is located
midway between two co-channel stations.

Identification

Should the interference pattern (Fig. 13-6)
come and go, the fm listener is returning to an205

Television Servicing—With Basic Electronics

Fig. 13-8. Adjacent sound interference.

Fig. 13-7. Co-channel interference.

attenuator pad outside the cabinet of the set
as close as possible to the antenna terminals.

Elimination

1. Improve antenna orientation to reject co
channel signals.
2. Wait until the ionosphere shifts to change the
reflection angle into the signal area. The time
of the day or night influences the ionized lay
ers, causing them to shift their altitude and
change their electron density.
3. Use an antenna which provides a large frontto-back ratio, which rejects the undesired
signal.

CROSS-MODULATION INTERFERENCE
Diagnosis

The resulting interference is usually from two
tv signals and can develop several ways, but al
ways with at least one exceptionally strong signal.
In addition, an fm signal can cross-modulate
with a tv channel.
Identification

The cross-modulation pattern (Fig. 13-9) looks
like one television picture riding through the other
(severe). An example is a strong Channel 6 on a
distant weaker Channel 5. Usually the interfering
picture will not lock in, but moves through the se
lected channel picture. A mild case in cross-modu
lation will produce a streaky picture.

ADJACENT SOUND INTERFERENCE
Diagnosis

The resulting interference can develop from the
stronger lower adjacent channel sound carrier and
the desired channel picture carrier beating caus
ing a grainy picture.

*

Identification

The modulation on the lower channel carrier can
be verified by using a second tv set tuned to the
lower adjacent channel and viewing the interfer
ence on the desired channel. As the audio modula
tion changes the grainy beat pattern will have a
corresponding change (Fig. 13-8).
For receivers with afc or aft, if the interference
can be tuned out by fine tuning with aft off, and
comes back with aft on, misalignment is indicated.
Elimination

1. Install a channel attenuator tuned to the
strong lower adjacent channel.
2. Install a fixed tuned or tunable trap to the
antenna terminals on back of the tv set,
tuned to the lower adjacent sound carrier. To
avoid shock hazard, install the filter and/or

Fig. 13-9. Cross-modulation interference.

Elimination

Install a channel attenuator to the antenna ter
minals on the back of the television receiver, tuned
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to the strong interfering channel, or install a fixed
tuned stub trap or tunable stub trap.
The amount of strong signal attenuation neces
sary on the strong channel will usually not affect
its picture, but will improve the signal ratio for
the weaker channel.

Identification

Tui ning off the dimmer switch or turning it full
on identifies the interference source, when the in
terference disappears (Fig. 13-11).

FM BROADCAST 88 TO
108 MHz INTERFERENCE

Diagnosis

The modulated fm carrier produces a grainy
looking beat pattern that shifts with the modulat
ing frequency—low frequency modulation, large
grain; high frequency modulation, fine grain.
Identification

Fm interference (Fig. 13-10) is most often ob
served on Channels 5 and 6, but can also occur on
other channels. Fine tuning will affect the pattern
intensity somewhat and not the frequency. Con
trast control affects the pattern intensity.

Fig. 13-11. Dimmer switch radiation interference.

Elimination

Suggest replacement of the unit causing inter
ference with a newer-type dimmer switch designed
to be free of interference radiation. Consult na
tional and local electrical codes before replacing
the dimmer switch, or contact a licensed electri
cian.
COMMUTATOR INTERFERENCE
Diagnosis

This noise pattern has a constant repetition
rate, causing vertical roll and heavy horizontal
noise bars.
Fig. 13-10. Fm broadcast interference.

Identification

Commutator motors are the cause due to the mo
mentary short between the commutator bars by
the brushes. As the brushes leave the shorted
bars position, an arc develops, radiating to the
antenna and conducting through the power line
(Fig. 13-12).

Elimination

Use fm tunable traps or fixed tuned traps for
the interfering fm frequency. To avoid shock haz
ard, install the filter and/or attenuator pad outside
the cabinet of the set as close as possible to the
antenna terminals.

Elimination

Install an ac line filter capable of handling the
tv chassis current requirement. Use only UL-approved filters. The filter should be installed out
side the cabinet of the tv set in accordance with
manufacturers’ instruction and national and local
electrical codes. To avoid shock hazard install the
ac line filter outside the tv cabinet.

DIMMER SWITCH RADIATION
CAUSED BY SCRs OR TRIACs
Diagnosis

This interference pattern is generated by the
dimmer switch turn-on transient, when it is set
for low levels of illumination.
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The filter should be installed outside the cabi
net of the tv set in accordance to manufactur
ers’ instructions and national and local elec
trical codes.
2. In severe cases where the interference is ra
diated, it may be difficult to resolve. In such
cases we suggest referring the customer to
the equipment manufacturer for advice.
MERCURY-VAPOR RECTIFIER RADIATION
Diagnosis

This pattern is generated by a constant repeti
tion rate from a commercial/industrial electrical
mercury arc.

Fig. 13-12. Commutator interference.

Identification
SLIP-RING NOISE INTERFERENCE

Diagnosis

This noise pattern is seen as long streaks in the
picture, randomly occurring during de motor op
eration.

This type interference (Fig. 13-14) is trans
mitted by power line conduction from the source,
usually a mercury vapor rectifier or similar-type
rectifier. Its fundamental frequency can be from
60 Hz to 360 Hz depending on the number of
phases and rectifiers.

Identification

Slip ring contact variation increases and de
creases as brush pressure increases and decreases
on the ring due to wear particles slipping between
the ring and brush. This shows up as interference
shown in Fig. 13-13.

Fig. 13-14. Mercury-vapor rectifier radiation.

Elimination

Install an ac line filter capable of handling the
current used by the tv set. Use only UL-approved
filters. The filter should be installed outside the
cabinet of the tv set in accordance with the manu
facturers’ instructions, and national and local
electrical codes.

Fig. 13-13. Slip-ring noise interference.

Elimination

DIATHERMY RF HEATING

1. Interference from de motors caused by arc
ing between the brushes and ring, which is
transmitted through the power line may be
minimized by using an ac line filter. Use only
UL approved filters which are capable of
handling the tv chassis current requirements.

Diagnosis

The usual diathermy pattern appears as a band
of elongated S’s across the face of the picture tube,
which may roll vertically up or down through the
picture.
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As a matter of interest, it should be noted that
this peculiar pattern arises from simultaneous am
and fm modulation. Am modulation in a dia
thermy machine of the order of 5% will create
patterns of this nature.

Identification

A series of broken horizontal lines across the
picture (Fig. 13-16) and a sharp popping sound in
the audio.

Identification

Many technicians consider diathermy interfer
ence (Fig. 13-15) as another kind of man-made
noise. However, a diathermy unit is a form of rf
generator for which frequencies have been as
signed. The center frequency of the bands set
aside for diathermy and rf heating are: 13.66
MHz, 27.32 MHz, and 40.98 MHz. The 27.32-MHz
frequency band is the widest of the three and the
most frequently used in recent years.
-

Fig. 13-16. Automobile ignition interference.

'W

Elimination

1. If the source can be located, suggest to the
owner of the automobile: “Ignition mainte
nance or the installation of resistor-type
spark plugs.”
2. If the source cannot be located and an out
side tv antenna is used, try replacing the
transmission line from the tv antenna with a
shielded type. Relocate antenna away from
traffic to reduce the effect.

Fig. 13-15. Interference due to diathermy.

FLUORESCENT LIGHTS

Elimination

Diagnosis

Locate the source, inquire about the frequency,
select a suitable high-pass filter within the fre
quency range of the diathermy or rf heating unit
and install the filter to the antenna terminals on
back of the tv set. Seventy-five ohm or 300 ohm
high-pass filters are commercially available and
are designed to attenuate any signals falling in the
range of 0-52 MHz.

The resulting pattern may be caused by some
fluorescent fixtures.
Identification

Short bursts of dashes across the picture (Fig.
13-17). Short bursts of noise or a continuous buzz
may also be heard in the speaker. Usually this type
of interference is also heard on am radio.

AUTOMOBILE IGNITION INTERFERENCE

Elimination

1. Locate the source. Look for a flashing fluores
cent lamp. Replace lamp and/or starter. If
source cannot be located, use am portable
radio to help locate source.
2. Install an ac line filter capable of handling
the current used by the tv set. Use only ULapproved filters. The filter should be installed
outside the cabinet of the tv set in accordance

Diagnosis

The resulting interference is generated from an
automobile ignition system. Older models of some
make cars are a common source of tvi. In recent
years car manufacturers have recognized the need
for reducing tvi and added suppressors to the ig
nition system which virtually eliminates ignition
interference.
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2. The control systems for universal motors
usually consist of SCRs and/or triacs. These
devices may cause rfi associated with the
switching action of triacs, which may be high
frequency energy radiated through the air or
it may be carried through the ac power line.
Some ac line filters added to the universal
motor control circuit may resolve the rfi
problem. Consult the equipment manufac
turer for details.
CHANNEL 8 TWEET INTERFERENCE
Diagnosis
Fig. 13-17. Interference from fluorescent lights.

with manufacturers’ instructions, and na
tional and local electrical codes.
UNIVERSAL MOTOR NOISE

The resulting interference is developed in any
of the second detectors, such as the video detector,
sound detector, and afc diodes. The 4th harmonic
of 45.75 MHz (183 MHz) produces a beat located
in the center of the Channel 8 response curve.
Identification

Diagnosis

Many fractional horsepower motors are series
wound “universal” motors, so named because of
their ability to operate directly from ac or de
power sources. Motors of this type and their con
trol systems occasionally cause tvi.
Identification

Look for a swirling “S” beat pattern that has
horizontal bands several times throughout the ras
ter (Fig. 13-19). Fine tuning will affect the inten
sity and frequency with afc off. The afc “on”
holds the beat stationary with the horizontal band
obvious. The afc “off” permits the pattern to
move. Moving the antenna lead near the video de
tector will increase the interference.

Horizontal bands, also accompanied by a whin
ing noise in the audio (Fig. 13-18).

Fig. 13-19. Channel 8 tweet interference.

Fig. 13-18. Interference from a universal motor.

Elimination

Elimination

1.
2.
3.
4.

1. Install an ac line filter capable of handling
the current used by the tv set. Use only ULapproved filters. The filter should be installed
outside the cabinet of the tv set in accordance
with manufacturers’ instructions, and na
tional and local electrical codes.
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Check the antenna for balance.
Separate the uhf-vhf tuner leads.
Keep antenna wire away from the set.
Check for bad ground connection and missing
shields around the video detector, sound de
tector, and afc diodes. Dress components to
reduce interference.

1
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HORIZONTAL INTERFERENCE
Diagnosis

rator transistor or age gate transistor turning on
and off, creating the rf transient.

The resulting interference pattern resembling
“barkhausen” and “snivets” may be caused by a
quadruple!' retrace diode, trace SCR or a regulator
clamp diode in the horizontal circuitry of a tele
vision receiver.

Identification

The interference (Fig. 13-21) is produced in
one set and transmitted to others. Usually it is not
visible on the set generating the condition. Placing
a finger on either transistor reduces the condition.

Identification

Usually evident on relatively weak station sig
nals :

1. The interference (Fig. 13-20) caused by the
quadruple!' and retrace diode usually appears
on the left side of the picture tube screen, in
the form of a jagged vertical line (sometimes
bowed).

Fig. 13-21. High frequency transistor radiation.

Elimination

Place a ferrite bead on each transistor lead or
install a 100- to 150-pF capacitor from collector to
base.
LOW FREQUENCY TRANSISTOR RADIATION
Diagnosis

Fig. 13-20. Horizontal interference.

Horizontal pattern approximately 4 inches wide
with heavier portion at lower third. Result of low
frequency oscillation from a vertical output tran
sistor.

2. The interference caused by the regulator
clamp diode usually appears near the center
of the picture tube screen, in the form of
jagged bowed vertical lines.
3. The interference caused by the trace SCR
usually appears at the center or the right side
of the picture tube screen, in the form of a
jagged vertical line.

Identification

The interference (Fig. 13-22) is produced in one
set and may be transmitted to others. It is visible
on the set generating the condition.

Elimination

Elimination

Replace one of the above components as related
to the specific interference problem.

Solder a 0.01-/zF capacitor from collector to
base of the transistor. Use only UL-approved com
ponents suitable for the application.

HIGH FREQUENCY
TRANSISTOR RADIATION

ZENER NOISE INTERFERENCE

Diagnosis

Diagnosis

This vertical interference pattern moves back
and forth and may vary from vertical to horizon
tal. It is the result of either or both the sync sepa-

Check all zener diodes by bypassing each one
with a 0.01 /nF capacitor. The one that produced
the masking noise will be neutralized.
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MOIRE
Diagnosis

The spot size of the electron beam on some color
picture tubes is smaller than other types of the
same screen size. This helps produce sharp, clear
pictures. Moire is usually seen on small areas of
the picture tube.
Identification

The scanning lines of the raster are small
enough so that they can “beat” with the horizontal
rows of slots, or holes in the aperture mask. This
“beat” can produce intensity modulation that pro
duces weaving lines called moire (Fig. 13-24). The
“beat” will depend upon the vertical spacing of the
mask aperture and the scanning-line spacing. The
pattern sometimes changes with picture content.

Fig. 13-22. Low frequency transistor radiation.

Identification

The noise transmission looks like fine snow on
the picture tube and masks the picture with a
grainy appearance (Fig. 13-23).
Elimination

Solder a 0.01-/xF capacitor across the offending
zener. Use only UL-approved components suitable
for this application.

.
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Fig. 13-24. Moird interference.

Elimination

The pattern is influenced by overscanning the
vertical raster size, vertical linearity, and focus.
Since there is no single design that will minimize
moire for all scan heights, the height control
should be adjusted if moire appears to be exces
sive. Setting the focus control for good highlight
focus will moderate any tendency to moire at the
edges. Slight defocusing may reduce the problem.

Fig. 13-23. Zener noise Interference.
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Customer [RSeSatSons
The primary purpose of any business is to sat
isfy the customer. By properly attending to this
task the business owner and employees are re
warded by incomes to support their families. Dis
satisfied customers are a direct cause of loss of
income to the company. The U.S. News & World
Report magazine reported from a survey in 1974
that 68% of the people who stopped doing busi
ness with a company did so because of company
or employee indifference to the needs of the cus
tomer. People in the service industry must be good
customer relations people if their businesses are
to be successful. The customer’s satisfaction is the
most dominant factor in providing for future
business. And though there is no hard and fast
rule of obtaining customer satisfaction, there are
methods and procedures of dealing with the cus
tomer which will help build good customer re
lations.
Customers have certain expectations concern
ing any product or service they purchase. For the
money paid, they have a right to expect the fol
lowing :
1. A knowledgeable, competent technician.
2. A courteous and polite individual with whom
to do business.
3. A cheerful technician who sincerely wants to
help the customer.
4. An honest person willing to do everything
possible to satisfy the customer’s need.
5. An individual with a positive and capable
attitude.

cepts (Fig. 14-1)—tell them about the repair, re
assure them of the quality of the set, find out what
bothers the customers about their set, and work
toward helping them build a more positive atti
tude toward service and the product. Also, if cus
tomers seem interested, explain to them in simple,
layman’s terms about the complexity of the device.
To make this type of favorable impression on
customers, the requirements of a technician should
include the following:
1. Professionalism and technical ability.
2. Social skill—getting along with people.
3. Neat appearance.
4. Honesty.
5. Reliability in approach to work.
6. Ability to maintain quality standards of
work.
7. Ability to plan and organize.
8. Sensitivity to customer needs.
9. Ability to assess an on-site situation.
10. Ability to communicate verbally.
11. Resourcefulness.
12. Self-motivation.
13. Present and promote company image.
It is important, too, that the lack of almost any
one of these traits can cause an otherwise suc
cessful businessman to only be a potential success.
Why a “potential” success rather than a failure?
Because everyone has the opportunity to seek
self-improvement. Indeed, self-improvement takes
will power and self-discipline but it can be done, if
the desire is present. Thus, even those who don’t
have will power and self-discipline are potential,
it’s just a matter of if and when they decide to put
effort into character and personality development.
This kind of personal development can be accom
plished by the individual through introspection
and awareness. Sometimes the individual realizes
something is wrong but doesn’t know what. In
this instance a professional counselor can help

It has been said that the technician must first
repair the customer and then repair the television.
The customer does not often realize how technical
and complex the television set really is. As a re
sult, customers often think that they are over
charged for work performed on the set. This prob
ably would not be true if the technician would take
the time to practice good customer relations con213
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Fig. 14-2. Organization makes everything easier.

4. Obtain an agreement.
5. Close the deal.
SHOWING CONCERN

Fig. 14-1. Good customer relations depend on a foundation
of sound principles.

determine the direction needed by the individual.
The counselor can look at personality traits from
a more impersonal and unbiased viewpoint than
the individual, his family, or friends. Habits such
as neatness, planning, organization, and commu
nications can be learned through practice. Help is
also available in these areas if desired. Training in
grooming, dress, speech, and organization is avail
able in nearly every community. But, again, the
point is that technicians must recognize the need
for help in their business and their desire to suc
ceed must be strong enough to motivate them to
improve.
Some abilities which need to be learned and
which will have a profound impact on the manner
in which the technician handles complaints and
day-to-day dealings with the public are interper
sonal relationships (Fig. 14-2). Primarily the
technician must do the following:

1. Show’ concern—not insincere concern but
real concern for the customer.
2. Establish relevant facts concerning the prob
lem.
3. Discuss the proposed action.
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The technician must listen to customers to es
tablish a rapport with them, and interpret cus
tomers’ needs. When a customer calls with ques
tions about repairs, this is a need for the set to be
repaired. If the customer says, “How fast can you
get to it?” there may be a need for immediate
service. The technician must listen to the cus
tomer and interpret what is really being said. Be
patient, especially if a complaint is involved. By
allowing customers to talk, they will often answer
many of their own questions and open lines of
communication with you. Don’t get upset when
a complaint is made. Anger breeds anger—your
anger will fuel the customer’s anger (Fig. 14-3).
The term “probing” is often used to describe a
technique used to deal with people to find out what
their needs really are. Probing questions are openended questions which cannot be answered by a
“yes” or “no.” Probing questions demand an an
swer. With these questions the customer is kept
busy thinking of answers. The questions should
cause the customer to reach conclusions that are
a moderating influence. An example is as follows:
Mr. Jones: This set is no good! I was right in
the middle of the Monday night ball game and
it went out. I knew I was being taken when I

Customer Relations

bought the thing. It cost me a fortune, but
the salesman talked me into buying it.

Mr. Jones: Well, actually, this is only the second
time it s had any trouble. The first time it just
needed some adjusting.
Technician: That’s a good record. If you watch
this set for 4 hours a day, that’s 28 hours a
week or 112 hours a month. Do you realize
that you’ve watched this set for over 7000
hours? That’s the equivalent of almost a full
year of nonstop operation.
Mr. Jones: You know, I’d never thought of it
that way before. I guess I got a darn good
deal on this set—it’s always had a beautiful
picture. I can even pick up Channel 9, too. To
tell you the truth, my neighbor is a little en
vious because I can get the Braves’ games and
he can’t.
Technician: I’ve located the trouble in the set.
I’ll have that same beautiful picture you’re
accustomed to, in just a few minutes.

What is this customer really saying? This per
son is apparently irate at having the ball game
interrupted and is having second thoughts about

Notice that through open-ended questioning the
technician found that the customer had had almost
no trouble from the set. At the end, the customer
had been offered sympathy, comforted, reassured,
and led to see that the company’s product was
good.
ESTABLISH THE FACTS

The technique of probing is as valid here as it
was in the previous example. Probing is not only a
tool for mediating complaints. Use probing to find
the history of the set, its difficulty, how it has been
treated, etc. The facts are always useful. But you
have to dig for them. The customer is not a tech
nician and does not automatically know what you
need to know in order to effectively repair the set.
Establishing some facts can be accomplished
by telephone during the first contact with the
customer. These facts will help the technician to
know what parts and equipment to take on the
service call. And remember, the first impression is
the most lasting. Be sure the customer’s first im
pression is positive. This is just as important in
telephone contacts as in personal contacts. What
the customer sees or hears will affect his attitude
toward the entire customer/service relationship.
If the technician does not have a professional ap
pearance (Fig. 14-4) or doesn’t sound knowledge
able over the phone, the customer may wonder if
the workmanship will be professional. As a con
sequence the customer may be more critical of the
work performed, and a call-back results. Call
backs cost the servicer since the technician can
not charge for the same service a second time and

Fig. 14-3. Anger has no place in customer relations.

the cost of the tv. Now that the set has failed,
frustration leads the owner to proclaim that it is
no good. What does the technician say in response?

Technician: Well, Mr. Jones, I would have to
say that you do have a very fine set here. We
haven’t had many problems with this model.
Oh, no doubt it cost a bit more, but you have
automatic color control, the deluxe cabinet,
which I might add looks terrific with this pan
eling, and the set has total remote control.
Say, how much do you watch this set—three
or four hours a day ?
Mr. Jones: Oh yeah, I guess about four or maybe
even five hours a day.
Technician: Well, how long have you had the
set, it looks like it has been well kept?
Mr. Jones: Oh, we’ve had this set for six years
this coming May.
Technician: That’s about 5% years. What other
troubles have you had with it?
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the customer that in order to do the best possible
repair and the critical adjustments needed to re
turn the set to its original condition, the set must
be taken into the shop. Be positive!
In case of a complaint, use probing questions,
reassurance, and genuine concern in the problem
to arrive at a plan of action agreeable to the com
pany and the customer.
OBTAIN AN AGREEMENT

Fig. 14-4. The technician should be neat and well groomed.

must use valuable productive time. Customers will
willingly pay what they think the technician is
worth, and their idea of worth is often based on
how the technician looks and acts. Fewer com
plaints will be heard about service cost, if techni
cians look like they deserve the rates of profes
sionals.
DISCUSS THE PROPOSED ACTION

A discussion of the action to be taken is im
portant for all service actions, complaints, or
routine service. Customers have a right to know
what the situation is—to know the probable trou
ble, cost, alternatives, length of time required to
repair the set, etc. In fact, some states have en
acted laws that require the technician to supply
customers with written estimates and other im
portant information. By discussing these routine
matters, customers are made aware of your con
cern for their needs.
If the set must be taken into the shop for repair,
approach the customer in a positive way. Don’t
say, “I can’t fix it here,” or “I don’t have the cor
rect equipment with me.” The customer will say,
“Why not? You’re in the business.” Instead, tell
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When the proposed action has been discussed,
an agreement must be obtained. Ask customers to
explain their views on proposed agreements, then
restate them. This method is often used to lead
customers to close deals and is known as directive
questioning. By directive questioning, customers
are directed toward a suitable conclusion. The
technique is used in both sales and mediation of
disputes. Such questions as “then you agree that
. . . ?” or, “you said you liked ...” are directive
questions which focus customers’ attention on the
positive areas of common agreement. By doing
this, the objections are broken down bit by bit.
Many times customers will say, “Well, I like this
part of the deal, but . . . .” At this point the di
rective question should focus on the part that
customers like. The positive is accented and the
negative (those parts of the deal not liked) is min
imized and soon the deal is closed or an agreement
is reached.
If there is a disagreement concerning the pro
posed action, use the techniques already explained,
to overcome the opposition or to moderate the cus
tomer’s position. Ask yourself, “Have I satisfied
the customer?” But, be aware that the agreement
may not be profitable this time, but the satisfac
tion of customers probably will pay benefits in re
turn business or as they tell their neighbors about
your service.
CLOSE THE DEAL

Reflection is the repeating of what customers
have just said, but in different words. It encour
ages customers to be more expressive and allows
the technician to show an understanding of the
customers’ points of view. It presents a climate for
agreement, for when people hear their own ideas
stated back to them, they may see the need to
modify their ideas. Reflection of the same ideas
back to customers makes them feel that they have
sympathy and concern. An example of reflection
follows:

Customer Relations

pair, burglar alarm, and smoke detection system
repairs. Business is business and it doesn’t hurt
to ask for it. Even if nothing else needs repair at
the time, this customer will remember the good
service and the fact that you can repair micro
wave ovens, as well as televisions.
CUSTOMER DISSATISFACTION

The five major causes of customer dissatisfac
tion are as follows:
1. Treatment by the service staff.
2. Quality of the technical service.
3. Speed of the repair.
4. Cost of the repair.
5. Quality of the appliance being repaired.

All of these causes can be minimized or resolved
by applying the techniques already discussed. Re
member that a lost customer is lost income. In
order to maintain the income, the customer mzist
be satisfied. The better the customer is known, the
greater is the chance of customer satisfaction. The
technician should show concern and interest. Each
customer may well represent hundreds or even
thousands of dollars in future business if his or
her business can be retained and revitalized. We
need to learn about customer needs, doubts, ex
pectations, and objections.

Fig. 14-5. Never ridicule the customer’s set.

Customer: This set has been a lemon.
Technician: This set has given you a lot of
trouble (Fig. 14-5) ?

IT IS EASY TO LOSE A CUSTOMER

Note that the technician changed the statement
into a question to probe the customer, yet the cus
tomer’s idea was repeated. Reflection is a good
technique to use on the “stubbornly irritated.”
Complete the repair; allow the customer to op
erate the set to see that the repair has been satis
factorily made. Clearly itemize the charges on the
bill. Again, be positive. Keep away from state
ments such as “replaced defective transistor.” The
customer is wondering what a defective transistor
was doing in the television. Simply state that a
transistor was replaced and give the customer the
old transistor. If any explanation is necessary,
explain that components in the tv are like parts in
a car, and that they sometimes fail while in use
and must be replaced.
Reassure the customer of the quality of the
repair, the tv set, and your company. Show con
cern that the failure occurred and wish the cus
tomer well. Show genuine gratitude for the busi
ness and remember to ask if anything else needs
repairing. Remind the customer of other services,
such as antenna installation, microwave oven re-

It is easy to lose a customer but very, very hard
to regain one. This is why so much effort must go
into retaining a customer. Eleven ways we lose
customers are as follows :
1. Lack of knowledge of how to explain prod
ucts, company policies, etc.
2. Poor workmanship.
3. Lack of rapport with the customer.
4. The human desire to “win the argument”
rather than mediate it.
5. Neglect of the customer.
6. Lack of interest in the customer and the
company.
7. Being a “know-it-all,” a loud-mouth, or not
talking at all.
8. Finding fault with the product.
9. Indecision on how to interact with the cus
tomer.
10. Being unreliable.
11. Sloppy appearance.

Note that the ways we lose customers are the
opposites of the qualities needed to keep cus217
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tomers. Customer relations become very simple—
do what is right and the wrongs are taken care of.
Put another way, if we accent the positive, the
negative is cancelled.
Only a few of the fundamentals of good public
relations have been covered. Public relations is a
complete topic in itself and limiting such a study
to a few short pages is like trying to run Niagara
Falls through a 1-inch pipe. However, the basis
for further study has been laid—the fundamentals
have been presented. Each of the basic elements
listed can be pursued individually. For example,
professionalism and technical ability—just what
constitutes professionalism and at what level do
we assume reasonable technical ability? It is this
type of question that should lead the inquiring
technician to learn more by reading professional
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journals, trade magazines, and textbooks. Also, it
may lead to involvement with trade associations
and certification groups.
If more information is desired concerning cus
tomer relations the following groups may be con
tacted :
The Electronic Industries Association
National Electronic Service Dealers Association
International Society of Certified Electronic
Technicians

Individual manufacturers occasionally produce
material on a variety of subjects, customer re
lations included.
Good customer relations is good business and
pays dividends.
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A

Automatic
fine tuning, 122-124
gain control, 28
phase control circuits, 62-66
Automobile ignition interference, 209

Ac
-de power, 31-32
ripple current, 35
Adjacent
channel interference, 199-200
sound interference, 206
Aft, 122-124
defects, troubleshooting, 127
Age, 29
circuits, troubleshooting, 165
controls, 162-164
delay, rf, 162-164
if, 136-137
keyed, 159-162
problems, troubleshooting, 155
symptoms, troubleshooting, 164
types, 159
Alignment, 131-132
Am broadcast, 204
Amateur transmitter fundamental radiation, 203-204
harmonic radiation, 203-204
Amplifier (s)
antenna, 189-190
buffer, 72
circuits
audio, 174
if, 132-136
sound if, 168-170
distribution, 194-195
driver, 72
intermediate frequency, 27
troubleshooting if, 137-139
video, 28, 143-149
Antenna
amplifiers, 189-190
mounting, 190-191
rotators, 190
safety, 180-181
systems, small scale, 181-191
troubleshooting, 191
theory,181-185
APC, 62-66, 74-77
defect isolation, 75
troubleshooting chart, 76
Attenuators, 194
Audio
amplifier circuits, 174
circuits, troubleshooting, 175-176
outputs, 174-175
system, 28-29

B

Bandpass, 130-131
Battery powered television, 51-53
Bias
forward, 49
reverse, 49
Blanking, 93,150-151
pulse
horizontal, 26
vertical, 26
Blocking oscillator, 96-98
transformer type, 97
transformerless, 97
Branch circuit, 44
Breakdown point, reverse voltage, 48
Bridge rectifier, 37
Brightness, 28-29
control, 150
limiters, 153
Broadcast, am, 204
Buffer amplifier, 72
C

Cable loss, 196
Capacitor, 35-37
filter, 37
Carrier, if, 27
Center-tapped transformer, 37
Channel
8 tweet interference, 210
selector, 28
Charge, 36
Circuit(s)
automatic phase control, 62-66
branch, 44
breaker blows, 77
combination, 44-45
complementary output, 100
differentiator, 92-93
horizontal, 72-74
output, 79
IC vertical output, 103
if amplifier, 132-136
integrator, 92
parallel, 43-44
quasi-complementary vertical output, 102-103
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Circuit (s)—cont
resonant, 66
series, 41-43
tank, 66
troubleshooting
age, 165
high voltage, 84
horizontal, 74-79
sync separator, 105-106
vertical output, 108-111
video, 154-157
varactor tuning, 122
vertical output, 98-103
video detector, 141-143
Citizens band
overload, 203
transmitter harmonic radiation, 203
Co-channel interference, 200, 205-206
Combination circuits, 44-45
Commutator interference, 207
Complementary output circuits, 100
Composite video signal, 25-26
Contrast, 28
control, 149
excessive, 157
Con trol( s), 173-174
age, 162-164
brightness, 150
contrast, 149
peaking, 148
television receiver, 28-29
voltage, 63
Converters, 193-194
Correction voltage, 63
Cross modulation, 199
interference, 206-207
Current, 33-34
ac ripple, 35
leakage, 14
scan, 24-25
Customer
dissatisfaction, 217
safety, 20

Dim picture, 58
Discriminator, 28
Dissatisfaction, customer, 217
Distorted
picture, 58
sound, 58, 176
Distribution
amplifiers, 194-195
equipment, 195
system, 194-196
designing, 196
Driver amplifier, 72
Drop, 41
Duds, 19
E

Electrical shock hazards, 14
Electrolytic, 36
Equalizing pulses, 26
Excessive contrast, 157
troubleshooting, 155
F

Farad, 36
FET, 124-125
Field effect transistor, 124-125
Filter (s), 193
capacitor, 37
Filtering, 35
Fine tuning, 28, 115
automatic, 122-124
poor, 126
Fire hazard, 18
Fluorescent lights, 209
Fm
detector circuits, 170-172
receiver oscillator harmonic radiation, 205
Folded raster, 58
Foldover, vertical, 110
40-MHz fm transmitter radiation, 204-205
Forward bias, 49
Frequency, 32
natural, 68
resonant, 68
Full-wave rectifier, 37
Fuses blow, 57, 77
Fusible resistor, 18

D

De restoration, 146
Dead
circuit—sweep supply, 58
IC oscillator, troubleshooting, 76
set, 77
servicing, 56
—sweep supply, 58
uhf tuner, 126
Decibel (dB), 188-189
Decreased vertical size, 111
Designing distribution system, 196
Detector
circuits, fm, 170-172
ratio, 28
Development, raster, 22-23
Diagnosis, age symptom, 163
Diathermy rf heating, 208-209
Dielectric, 35
Differentiation, sync train, 91-93
Differentiator, 26
circuit, 92-93

G

Gain control, automatic, 28
Ghosts, 200
Glass-allowance, 19
Grainy picture—smeared picture, 138-139
H

Half-wave rectifier, 37
Head end, 192-193
Height, 29
Heterodyne, 27
High
frequency transistor radiation, 211
voltage, 23
circuit, troubleshooting, 84
insufficient, 78
no, 78
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Index
Horizontal
blanking pulse, 26
circuits, 72-74
troubleshooting, 74-79
hold, 29
interference, 211
oscillator, 22, 66-69, 77-79
output circuits, 79
scanning, 24
sync loss, 107
synchronizing pulse, 26
Hot chassis, 15
Hum, 32
and low B-b, 57
in sound, 176

Loading symptoms, 78
Loss, vertical sync, 109
Low
B+ and hum, 57
frequency transistor radiation, 211
sound, 58
voltage, 22
volume, 177
M

I

IC
oscillator
troubleshooting dead, 76
with low output, troubleshooting, 76
regulators, 51
vertical output circuits, 103
If
age, 136-137
amplifier circuits, 132-136,168-170
troubleshooting, 137-139
carrier, 27
problems, troubleshooting, 155
Implosion, 19
Insertion loss, 196
Installation, picture tube, 19
Installing small system, 191
Insufficient high voltage, 78
Integration, sync train, 91-93
Integrator, 26
circuit, 92
Interference
adjacent channel, 199-200
sound, 206
automobile ignition, 209
Channel 8 tweet, 210
co-channel, 200, 205-206
commutator, 207
cross-modulation, 206-207
horizontal, 211
identification, 202
power line, 200
slip-ring noise, 208
zener noise, 211-212
Interlace scanning, 25
Intermediate frequency amplifier, 27
Intermittent sync, 106
Isolation
loss, 196
of APC defect, 75

Malfunctioning section—sweep supply, 59
Master
antenna television (MATY), 192-194
oscillator, 69
Matching transformers, 196
MATV systems, troubleshooting, 199-200
Mechanical problems, tuner, 125
Mercury-vapor rectifier radiation, 208
Meters, 45
Microfarads, 36
Mixers, 193
Multivibrator-type vertical oscillators, 94-96
N

Natural frequency, 68
Negative picture, 157
troubleshooting, 156
No
high voltage, 78
picture
—no sound, 138
or sound—raster good, 126
—weak to normal sound, 138
sound—signal injection, 176
tracing, 175
video—good raster, 155
Noise
interference, slip-ring, 208
universal motor, 210
0

Ohm’s law, 41-45
Oscillator (s)
blocking, 96-98
harmonic radiation, fm receiver, 205
horizontal, 23, 66-69, 77-79
master, 69
multivibrator-type vertical, 94-96
transformer-type blocking, 97
transformerless blocking, 97
troubleshooting
dead IC, 76
vertical, 93-98,107-108
Oscilloscope, 32-33
Output (s)
audio, 174-175
circuits
complementary, 100
horizontal, 79
IC vertical, 103
quasi-complementary vertical, 102-103
troubleshooting vertical, 108-111
vertical, 98-103
pulse, 84

K

Keyed age, 159-162
Keystoning, 111
L
Lead-in wire, 185-187
Leakage current, 14
Lightning protection, 191
Limiters, brightness, 153
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Raster—cont
scanning, 23-25
small, 58
Ratio detector, 28
Rectification, 34-35
Rectifier
bridge, 37
circuits, 37
full wave, 37
half wave, 37
radiation, mercury-vapor, 208
Recurrent sweep, 33
Regulated circuits, troubleshooting voltage, 59
Regulation, power supply, 48-51
Regulator (s)
IC, 51
series transistor, 48-50
shunt transistor, 50-51
three-terminal voltage, 51
zener, 48
Resistance, 33-34
Resonant
circuit, 66
frequency, 68
Restoration, de, 146
Retrace, 24
lines, 156,157
Reverse
bias, 49
voltage, 34
breakdown point, 48
Rf
age delay, 162-164
heating, diathermy, 208-209
Ripple current, ac, 35
Rotators, antenna, 190

Over-fuse, 18
Overload
citzens band, 203
tv rf tuner, 203
Overmodulation, 199
P

Parallel circuits, 43-44
Peak inverse voltage, 34
Peaking, 147-148
Phase control circuits, automatic, 62-66
Picofarads, 36
Picture
dim, 58
distorted, 58
negative, 157
producing, 27-28
pulling, 107
smeared, 157
synchronizing, 26-27
tube, 149-153
installation, 19
Pie crust, 66
Polarized capacitors, 36
Poor fine tuning, 125,126
Power
ac-dc, 31-32
line interference, 200
sources, voltage divider, 45-46
supplies, sweep rectifier, 47-48
supply regulation, 48-51
troubleshooting
sweep rectified, 58
unregulated, 37, 53
transformers, 40
Preamplifiers, 193
Primary winding, 37
Producing picture, 27-28
Protection, lightning, 191
Pulsating de, smoothing, 35
Pulse (s)
equalizing, 26
horizontal
blanking, 26
synchronizing, 26
output, 84
vertical
blanking, 26
synchronizing, 26

S

Safety
antenna, 180-181
checks, 13
customer, 20
precautions, 15
technician, 13
Sawtooth, 24
Scan currents, 24
Scanning
horizontal, 24
interlace, 25
raster, 23-25
vertical, 24
Secondary
B-|- supplies, 46-47
winding, 37
Series
circuits, 41-43
transistor regulators, 48-50
Servicing dead set, 56
Shields, 201
Shock hazards, 14
Shorted set, 57
Shunt transistor regulators, 50-51
Signal
biased sync separators, 88-89
composite video, 25-26
mixing, 193

Q

Quasi-complementary vertical output circuits, 102-103
R
Radiation
amateur transmitter, 203-204
fm receiver oscillator harmonic, 205
40-MHz fm transmitter, 204-205
high frequency transistor, 211
low frequency transistor, 211
mercury-vapor rectifier, 208
Raster
development, 22-23
folded, 58
good—no picture or sound, 126
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Index

Signal—cont
processing, 193
strength, 187-188
video, 25
Single transistor vertical output circuit, 98-100
Slip-ring noise interference, 208
Small
raster, 58
scale antenna systems, 181-191
system, installing, 191
Smeared picture, 156, 157
Smoothing pulsating de, 35
Snow, 126
Snowy picture, 126,127
Sound
distorted, 58, 176
if amplifier circuits, 168-170
low, 58
Spark gap, 18
Splitter (s), 195
loss, 196
Step
-down transformer, 37-38
-up transformer, 37
Sweep
rectified power supplies, 47-48, 58
recurrent, 33
Sync
intermittent, 106
loss
horizontal, 107
vertical, 107
separator (s), 88-91
circuits, troubleshooting, 105-106
related circuits, 89-91
signal biased, 88-89
train
differentiation, 91-93
integration, 91-93
unstable, 58, 106
Synchronizing
picture, 26-27
pulse
horizontal, 25
vertical, 26

Transformer (s)—cont
-type blocking oscillator, 97
Transistor

regulat°r

^Ow outPu^> troubleshooting, 77

series, 48-50
shunt, 50-51
Transistorized oscillator, troubleshooting dead, 76
Traps, 151-153,193
Triggered circuits, 33
Troubleshooting
aft defects, 127
age circuits, 165
problems, 155
symptoms, 164
antenna system, 191
audio circuits, 175-176
dead
IC oscillator, 76
transistorized oscillator, 76
excessive contrast, 155
high voltage circuit, 84
horizontal circuits, 74-79
IC oscillator with low output, 76
if amplifiers, 137-139
problems, 155
MATV systems, 199-200
negative picture, 156
retrace lines, 156
smeared picture, 156
snowy picture, 126
sweep rectifier power supply, 58
sync separator circuits, 105-106
system with antenna amplifiers,
transistor oscillator with low oESgnit, 7i77
uhf tuners, 127
unamplified system, 192
n£w, S3
unregulated conventional power
vertical
oscillators, 107-108
output circuits, 108-111
vhf tuners, 125-126
video circuits, 154-157
voltage regulated circuits, 59
Tuning
circuits, varactor, 122
fine, 115,122-124
Tuner(s), 27
circuits, 119-122
components, 119-122
dead uhf, 126
troubleshooting
uhf, 127
vhf, 125-126
uhf, 118-119
vhf, 115-118
Tv rf tuner overload, 203

T

Tank circuit, 66
Topoffs, 195
Technician safety, 13
Television
battery powered, 51-53
receiver controls, 29
Temperature coefficients, 36
Terminators, 196
Theory, antenna, 181-185
Three-terminal voltage regulator, 51
Transformerless blocking oscillator, 97
Transformer (s), 37-41
center-tapped, 37
matching, 196
power, 40
step
-down, 37-38
-up, 37

U
Uhf
fine tuning, poor, 125
tuner (s), 118-119
dead, 126
troubleshooting, 127
Unamplified system, troubleshooting, 192
223

Index

Video—cont
circuits, 141-143
stage, 27
signal, 25
composite, 25-26
weak, 157
Voltage, 33-34
control, 63
correction, 63
divider power sources, 45-46
dividing, 41
high, 23
low, 22
regulated circuits, troubleshooting, 59
regulator, three-terminal, 51
Volume, 29
low, 177

Universal motor noise, 210
Unregulated
conventional power supply, troubleshooting, 53
power supply, 37
Unstable sync, 58,106
V

Varactor tuning circuits, 122
Vertical
blanking pulse, 26
deflection, no, 108,110
foldover, 110
hold, 29
jitter, 107,109
linearity, 29
nonlinearity, 111
oscillators, 93-98
multivibrator type, 94-96
troubleshooting, 107-108
output circuits, 98-103
IC, 103
quasi-complementary, 102-103
single transistor, 98-100
troubleshooting, 108-111
scanning, 24
size, decreased, 111
sync loss, 107,109
synchronizing pulse, 26
Vhf
tuner (s), 115-118
troubleshooting, 125-126
Video
amplifier(s), 28,143-149
circuits, troubleshooting, 154-157
detector

W

Weak
picture—weak to normal sound, 138
video, 157
Wire, lead-in, 185-187
Work, 34
X

X-radiation, 20

Y
Yoke, 24
Z

Zener
noise interference, 211-212
regulators, 48
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TELEVISION
SERVICING
WITH
BASIC
ELECTRONICS:
• Tells how to quickly isolate a television servicing
problem to a section and then troubleshoot that
section to repair the TV in a minimum number of
steps.
• Uses the block diagram analysis approach to
illustrate logical TV servicing.

• Covers the basic math required for TV servicing.
• Discusses the importance of public relations in
TV servicing.
• Covers test equipment—tells the best instrument
to use for the particular type of troubleshooting
being performed.
• Emphasizes safety—both technician and
customer.

• Diagnostic troubleshooting is enhanced with
troubleshooting charts to guide you step-by-step
through the troubleshooting procedure for given
symptoms.
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