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FOREWORD
"The Federal Communications Commission under the new
allocation plan proposes to assign 499 Television stations in the
VHF band to serve 205 cities, also 1682 stations in the UHF
band to serve 1330 cities." This quotation taken from the new
U. S. Dept. of Commerce bulletin TELEVISION AS AN ADVERTISING MEDIUM provides some idea of the future opportunities for the television serviceman.
This same booklet mentions the fact that consumer demand
for television sets HAS FAR EXCEEDED EVEN THE MOST
OPTIMISTIC PREDICTIONS OF THE INDUSTRY. With a
potential market of over 37,620,000 homes now having radio and
the promise of the FCC "to provide each community with at least
one television broadcast station" it is easy to see why the future
for the radioman in television is tremendous.
With the record of progress alreay made and the unlimited
future in Television it was obvious that a manual was needed
for the radioman who wished to get into Television. Coyne proceeded to use every means at its disposal to prepare such a book.
The result after several months of preparation, research and
editing is the book you now hold in your hands.
COYNE PRACTICAL TELEVISION SERVICING AND
TROUBLE SHOOTING MANUAL is no theoretical treatise of
television—it is a book of fast, time saving methods for servicing
television receivers. It includes dozens of new testing ideas all
of which have been proven on the job.
Most of the leading television manufacturing companies have
"had a hand" in the preparation of this book. They have furnished service manuals, photos and thousands of pages of service
data. This data was then analyzed and CONDENSED to retain
all the important material without too much theory. The result,
we feel, brings the radioman a valuable book for study and particularly for field reference—a book that shows how radio knowledge can be applied to help solve television problems. You will
see in this book that while television is NEW it nevertheless combines many technical phases of the early days of radio.
This constant effort throughout the book to show a radioman
how he can use his radio knowledge together with this book to
service television receivers makes the book interesting and enables a man to easily acquire a knowledge of television servicing.

FOREWORD
The book is well illustrated with over 200 crystal clear photos
and diagrams. While these add a great deal to the cost of a book
they are essential for easy understanding. Every possible effort
has been made to make this book THE PRACTICAL BOOK
THE RADIOMAN IS LOOKING FOR TO HELP HIM TO
GET INTO TELEVISION.
The final chapter of the book is devoted to COLOR TELEVISION and the UHF channels. For the greatest possible clarity we
have printed this section in color. The latest technical data on
these subjects has been furnished by the leading Television
companies. This material, which includes many photos, diagrams,
circuits, etc., of actual Color Television equipment should give the
reader a good idea of the equipment and problems he can expect
in the future. The special instructions on essential changes required to accommodate the UHF channels should be of great
interest and value to the practicing serviceman.
Today, Television finds itself on the threshold of one of the
greatest futures every offered to any industry. Radio has prepared the way and everyone of the millions of homes with radio
will be a potential customer for television. AND THE SERVICE
FIELD SHOULD BE ONE OF THE MOST ACTIVE OF THE'
INDUSTRY BECAUSE IN TELEVISION TROUBLE CAN
DEVELOP IN TWO WAYS—SOUND OR PICTURE. THIS
MEANS DOUBLE THE OPPORTUNITY THAT THE RADIOMAN HAS ENJOYED IN THE PAST WHEN THERE
WERE ONLY PROBLEMS IN SOUND TO CONTEND WITH.
We confidently feel you will find constant use for the PRACTICAL TELEVISION SERVICING AND TROUBLE SHOOTING MANUAL and that it will become increasingly valuable
the further you go into the great field of TELEVISION.

B.W .COOKE, JR., President
Educational Book Publishing Division
COYNE ELECTRICAL SCHOOL
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Chapter 1
TELEVISION SERVICE METHODS
It is not especially difficult to locate the cause for faulty performance in aradio receiver having only six or eight tubes. Tests
for voltage, resistance, and continuity may be made at all tubes
and circuits in a reasonably short time. But television receivers
of common types have twenty to forty tubes, and many unusual
circuits. Furthermore, the composite signal for television carries
not merely a limited range of audio frequencies, but includes
many different kinds of signals which must find their respective
ways into certain sections of the receiver.
Of course, it would be possible to commence at one end of a
television set and make the ordinary tests of voltage, resistance,
and continuity until reaching the circuit or part in trouble, but
this would take agreat deal of time. To save time we must reduce

Ng. 1-I.—Test patterns are designed to help make service adjustments and
locate troubles.
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television servicing to asystem which quickly identifies the parts
or sections at fault, and which wastes no effort on those which
cannot be causing trouble.
Fast service of high quality requires the use of instruments
such as sweep generators, marker generators, oscilloscopes, and
electronic voltmeters, whose applications we shall consider. But
before resorting to such specialized equipment we should employ
two test instruments which are built right into every television
receiver—the picture tube and the loud speaker.
To enable you to make the best possible use of the picture tube
for trouble shooting, television stations transmit before their
entertainment programs a "test pattern" of the general style
pictured by Fig. 1-1. In addition to being the station identifica-

Fig. 11-2.—The appearance of the roster helps locate certain troubles.

tion, this pattern provides, lines, wedges, and circles of many
kinds which are designed to help make correct adjustments of
all operating and service controls, and to determine the kinds of
faults which may be present.
In using the picture tube and loud speaker for trouble location
there are three things to be observed. First is the test pattern, if
it is being transmitted. If no test pattern is available you will
have to watch any regular program picture. although pictures
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are not so helpful. Second is the sound from the loud speaker.
Third is the raster, without pattern or picture. A raster, shown
by Fig. 1-2, is the illumination of the picture tube screen produced
by sweeping of the electron beam from left to right and downward. To observe the raster, set the tuner control or channel
selector to any channel in which there is no signal at the time of
testing and turn up the brightness control until the screen is
lighted.
Each of these three things, picture or pattern, raster, and
sound, may be either good, poor, or absent. Various combinations
of these conditions indicate which sections of the receiver probably are causing trouble, and, of equal help, show which sections
need not be considered in looking for the fault. To illustrate this
method in a general way we shall consider a television receiver
as consisting of the major sections shown by the block diagram
of Fig. 1-3, as follows:
A. The tuner or front-end. The antenna coupling, r-f amplifier, mixer or converter, r-f oscillator, and whatever tuning and
switching arrangements are used for channel and station selection.
B. I-f amplifier for sound and video. This is any portion of the
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Video Section
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G
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H

High
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14.—As o first step in trouble shooting we try to localize the toe
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C. Entire sound section, from takeoff through the loud speaker.
D. Entire video section. The remainder of the video i
-f amplifier, the video detector, video amplifier, d-c restoration, and all
else leading into the grid-cathode input circuit of the picture tube.
E. The picture tube itself.
F. The sync section, from the point of sync-video separation
through the filters for vertical-horizontal separation which feed
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G. The sweep section. The sweep generators or oscillators, output amplifiers, and all else up to and including the deflection coils
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H. The high-voltage power supply which feeds the high-voltage
anodes of the picture tube.
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Fig. I-4.—Probable locations of faults as indicated by the picture tube and
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for plates, screens, grids, remaining picture tube anodes, and
heaters or filaments.
Probable locations of faults, as indicated by picture tube and
loud speaker, are shown by Fig. 1-4, or by some similar table
suited to a particular make and model of receiver. At the left are
columns listing the combinations of observed conditions. Across
the top are listed the major parts of the receiver. At the intersections are numbers corresponding to the order in which the major
parts should be examined.
As an example, the first combination of conditions includes a
good pattern or picture, good raster, and bad sound. The numbers
1, 2 and 3 show that we should examine first the sound section,
second the tuner, and third the low-voltage power supply, this

Fig. 1-S.—This pattern indicates that the horizontal sweep oscillator is
slightly out of synchronization.

latter only in case there is aseparate supply for the sound section.
In remaining sections, for which there are no numbers, it is highly
improbable that any fault exists.
The next combination, poor pattern or picture, good raster, and
bad sound, gives the number 1 for both the tuner and the i
-f
amplifier which carries video and sound. This means that both
these sections are equally likely to be at fault. If both tuner and

6
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video-sound i
-f amplifier are found in good order, we go next to
the sound section, numbered 2, and finally to the video section,
numbered 3.
The third combination, poor pattern or picture, poor raster,
and good sound, lists the most likely seat of trouble, number 1,
as the sweep section. After that we should look at both video and
sync sections, since both have the number 2. If the trouble has not
been located we should examine all sections having the number 3.
Only the sound section has no number, and may be passed over
without checking.
So far we have classed patterns or pictures as either good, poor,
or absent. But a pattern may be poor in a great many different
ways. As examples of how test patterns may indicate particular
troubles, the one of Fig. 1-5 shows misadjustment or other trouble
in the horizontal hold control, while the one of Fig. 1-6 means that

Fig. 14.—This pattern shows poor response at both low and high frequencies.

neither the low frequencies nor the high video frequencies are
correctly amplified. The particular way in which a test pattern
differs from normal indicates either some certain trouble or else
any of a relatively small group of possible troubles. All such
variations will be considered in due time.
A good raster is of uniform appearance, and fills the mask open-
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ing, as in Fig. 1-2. A poor raster is unevenly illuminated, ragged,
or has irregular outlines. The raster is absent when the screen
cannot be illuminated by adjustment of brightness and contrast
controls. Sound which is good, poor, or absent needs no explanation.
Now let's assume that our preliminary observations have indicated trouble in some one section or in any one of two or three
sections. We might proceed at once with voltage measurements
and various circuit checks in all suspected parts, but usually it
saves time to use the oscilloscope for observation of frequency
responses and waveforms in whatever stages are most likely to
be in trouble.

Fg. 1-7.—Typical normal response of circuits between onfoulea and
output of the mixer.

In the tuner section we are dealing with modulated carrier
frequencies of fifty to several hundred megacycles. Between the
output of the mixer or converter and the input to the video
detector we are dealing with modulated intermediate frequencies
usually ranging from twenty to thirty odd megacycles. In these
sections we are interested in frequency responses which show gain
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or signal strength at all or nearly all the frequencies in a channel,
or at the corresponding intermediate frequencies.
Fig. 1-7 shows atypical normal response for a tuner section or
front end. Fig. 1-8 shows a normal response curve for a video i
-f
amplifier. Departures from curves which are normal for areceiver
can give direct indications of the kind of trouble and of the stage
in which it exists.
These curves of frequency response are used for locating
troubles and making alignment adjustments in the tuner, the
video i
-f amplifier, and as far as the output of the video detector.
For circuits between antenna input and sound takeoff these curves

Fig. 14..—This response would be normal for a certain type of video l4
amplifier, from mixer to video detector.

will cover the entire 6 megacycles of a channel, for in these sections we have both video signals and sound signals. Beyond the
sound takeoff the response need cover only the video band, which
varies from 3 to more than 4 megacycles with various receivers.
Input signals for producing curves of frequency response on
the oscilloscope must be provided by signal generators, sometimes
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by asingle-frequency generator but more often by asweep generator and marker generator used together.
Beyond the video detector we no longer have the carrier or
intermediate frequencies, but only their modulation—which is
the television signal itself. This signal includes the variations
which produce lights and shadows of the picture, also the

Fig. 1-9.—A trace of this type shows picture and sync signals in the video
amplifier. (Courtesy of Admiral Corp.)

highly important pulses for synchronization and blanking. To
observe the sync pulses on the oscilloscope we need no signal
generator, but only a regular television signal as ordinarily received from any station.
Waveforms of sync signals, before and after modification, are
observed along two paths. One path extends from the output of
the video detector to the input for the grid-cathode circuit of the
picture tube. Fig. 1-9 shows anormal waveform taken in avideo
amplifier. The other path extends from the sync takeoff all the
way through the sync and sweep sections to the picture tube deflection circuits. Fig. 1-8 shows a normal waveform observed
in the circuit of asweep oscillator. Variations from normal wave-

10
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forms indicate trouble, usually give definite clues as to its kind,
and locate the fault in aparticular stage or circuit by suitable connection of the oscilloscope leads.
By the time we have watched the picture tube, listened to the
loud speaker, and made frequency response and waveform checks
with the oscilloscope, the trouble will have been traced down to
some small portion of the receiver—assuming that only one
trouble is present. Then, in this one portion, it is in order to
measure voltages and resistances, and to make tube substitutions,
to definitely locate the troublesome part and determine what is
wrong with it.
The experienced technician usually makes also the series of
checks which would be applied to any radio apparatus in trouble.
Here they are:
1. Examine the power outlet or wall receptacle, the plug, and
the service cord from plug to receiver.
2. Examine connections of the transmission line at receiver
terminals, and at the antenna if it is accessible.
3. Operate tuning controls on several channels to see that they
act smoothly and uniformly. Try adjustments of any other frontpanel controls, those which are accessible to the user.

F. 1-10.—This trace shows the output of a vortical sweep oscillator,
(Courtesy of Motorola Inc.)
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4. See that all tubes are lighted, that metal tubes are hot.
5. Lightly tap the tubes to determine whether any of them are
microphonic and cause decided changes in the picture or pattern.
6. Examine chassis wiring for evidences of overheating due to
shorts or grounds. Look for charring, burnt odors, melted joints,
and so on.
7. With an insulated rod, lightly tap and press on terminal and
wiring connections to determine whether any are loose and
making poor contact. Wires or leads must not be moved out of
their original positions during these checks.
With the general method of trouble shooting which has been
outlined we may avoid spending time on sections which are not
at fault, concentrate first on those sections most likely to be
causing trouble, and later work on the less likely points in order.
Keep in mind that no system of this kind can be infallible. It is
based on probabilities. On any one job the systematic checking
might prove slower than making a lucky guess as to the seat of
trouble, or slower than some method based on experience with
a particular receiver. They all have their own special troubles.
But the time per job, averaged over agreat many cases of trouble
shooting, will be less than needed for any "hit or miss" plan.
The Television Signal.—To understand what happens to the
television signal as it progresses through the receiver it is necessary to keep in mind the characteristics of this signal, which
usually are represented as in Fig. 1-11. The time covered by this
graph begins at the upper left with four of the picture signals
and the intervening horizontal sync pulses occurring just as one
field ends at the bottom of the raster or the bottom of the picture.
After the last picture signal there begins the vertical blanking
period, during which is the vertical retrace. In this period we
have, first, six equalizing pulses occurring at half-line intervals.
Their purpose is to permit correct interlacing, with alternate
fields starting at the upper left-hand corner of the raster and at
the top center.
Then come six vertical sync pulses whose purpose is to keep
the vertical sweep oscillator in time with the received signal by
starting the vertical retrace at the correct instant in relation to
the picture fields. Following the vertical sync pulses are six more
equalizing pulses. Between the last equalizing pulse and the fol-

12
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lowing horizontal sync pulse the interval is only that for a halfline, as required for interlacing. In the remainder of the vertical
blanking period there are regular horizontal sync pulses which
keep the horizontal sweep oscillator synchronized with the signal.
At the right-hand end of the upper graph are four of the picture
signals and horizontal sync pulses which start the next field as
the beam moves downward from the top of the raster.
The completion of this second field, at the bottom of the raster,
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Fig. 1-11.—Hore are represented 'he several kinds of modulation which
form the composite television signa:.

is represented by the three and one-half picture signals and four
horizontal sync pulses at the left-hand end of the lower graph.
Ending on a half-line is necessary for interlacing. Then comes
another vertical blanking period with the same kinds and numbers
of sync pulses as before, but with a full line rather than a halfline interval following the last equalizing pulse. At the right-hand
side of the lower graph is the start of the following field, with a
half-line at the top of the raster. This field ends at the left-hand
side of the upper graph, and so the action continues.
This composite signal is the modulation of the television carrier. The modulation is transferred to the intermediate frequency
in the mixer or converter, and separated from the intermediate
frequency by the video detector. Maximum signal voltage is at
the top of the graphs, zero voltage at the bottom.
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Signal voltages are applied to the grid-cathode circuit of the
picture tube in such a way that the higher the signal voltage the
less becomes the intensity of the electron beam and the darker
is the picture. Bias in the grid-cathode circuit causes complete
cutoff of the beam when signal voltage rises to the value called
black level. Then there is no illumination of the screen, it is black.
This black level voltage is called also the blanking level or blanking voltage, since it makes the picture blank. All voltages higher

vi I---1

.
1,1
\
MI

1\A

Fig. 1-12.—This
1-12.—Titis is the podia, of Hu television sirs& which produces pictures.

than the black level keep the beam cut off or blanked, and keep the
screen dark. These higher voltages are used for synchronizing,
not for picture production.
White areas or lightest tones in the picture are produced when
the signal voltage drops to the value called white level. Any
voltage between this value and zero will leave the picture white.
Signal voltages having values between the black and white levels
produce intermediate shades of gray in the picture.
The tops of the sync pulses have maximum signal voltage or
100 per cent voltage. The black level is at approximately 75 per
cent of maximum. The white level is at approximately 15 per
cent of maximum. All intermediate tones are produced by voltages
between 15 per cent and 75 per cent of maximum.
The entire composite signal goes all the way through the tuner,
the video i
-f amplifier, video detector, and video amplifier to the
input circuit of the picture tube. Here the grid-cathode bias causes
cutoff at the black level. Intensity of the beam then is affected

14
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by only the portion of the signal in which voltages are below the
black level. This portion is shown by itself in Fig. 1-12. Cutoff
or separation of the signal is at the black level.
We have been examining a signal with which relatively high
voltages at the black level must reduce the intensity of the electron
beam in the picture tube, while low voltages at the white level
must increase the beam intensity. This is done, as at the left in
Fig. 1-13, by applying the signal voltages to the cathode instead
of to the control grid of the picture tube, and holding the grid at
afixed voltage.
The biasing voltage maintains the grid negative with reference
to the cathode, or maintains the cathode positive with reference
to the grid—whichever way we wish to consider it. With the
signal applied to the cathode, as shown, the highly positive blacklevel voltages make the cathode much more positive. The result
is an increase of voltage difference between cathode and grid,

-(V., Black

f

+
_

L_ White

---- -f - -

-

_
i

LI

White

;J\--j- Bliack
Li

e

Fig. 1-13.—Tho television signal may be applied either to the cathode of the
picture tube (left) or to the control grid (right).

with exactly the same effect as making the grid much more negative. This, of course, reduces the beam current and darkens the
picture. On the other hand, the less positive voltages of the white
level make the cathode only slightly more positive than the bias
voltage, which is the same as making the grid only slightly more
negative. This allows relatively large beam current and produces
a bright area in the picture.
If the signal is to be applied to the picture tube grid rather than
to the cathode, as in the right-hand diagram, the signal first must
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be inverted in polarity. That is, the white level must be made the
highly positive side and the black level the less positive side of
the signal. The polarity of this or any other signal is easily inverted by passing it through atriode or pentode tube. In any tube
having a control grid and a plate, the polarity of signal voltages
in the plate circuit is opposite to their polarity as applied to the
control grid circuit. We shall have more to say about all this when
discussing video detectors and amplifiers.
Returning once more to our original signal, this entire signal
goes not only to the picture tube but also to the input for the sync
section. Tubes in the sync takeoff and other parts of the sync
section are operated with such voltages and biases as to cut off
the picture side of the signal and leave only the synchronizing
portion shown separately in Fig. 1-14. Again the separation is
made at the black level.
Signals such as shown by Figs. 11, 12, and 14 are those from
which originate the waveforms observed on the oscilloscope when
this instrument is used anywhere between the video detector and
picture tube grid-cathode circuit. They originate also the wave-
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1-14.—This is the portion of the television signal which synchronises
travel of the picture tube beam with the picture signals.

forms observed with the oscilloscope used anywhere in the sync
section or in the sweep section of the receiver.
Television Frequencies.—The highest frequency in the demodulated television signal is the video frequency which corresponds
to changes between lights and shadows along one of the active
trace lines which form the picture. In the transmitted signal this
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video frequency reaches a maximum of 4 mc (megacycles). If a
receiver is capable of handling this maximum frequency there
will be about 210 complete cycles during the 52.7 microseconds of
a horizontal trace. Were this horizontal trace to consist of alternate uniform :,reas of black and white there would be about 210
of each shade. On a12-inch picture tube with araster 10 1
/ inches
2
wide, each black or white area would be about 1/40 inch long. No
smaller detail should be reproduced or "resolved." On a 7-inch
tube, with a raster only 6 inches wide, each alternate black or
white area still could be 1/40 inch long with avideo frequency of
only about 21/
4 mc.
The lowest frequency in the television signal is the field frequency, the rate at which successive fields occur. There are 60
fields per second, two for each frame, so this lowest frequency is
60 cycles per second. Should we wish to observe on an oscilloscope
the waveform produced during a single field, the sweep rate of
the oscilloscope would be set for 60 cycles. To observe two fields
or one complete frame on a single trace the sweep rate would be
made 30 cycles.
Television Channels.—To accommodate the full 4-mc video frequency with double sideband transmission, as used in sound
broadcasting, each channel would have to extend through 8 mc
plus something extra for sound and for separation from adjacent
channels. But television broadcasting, including sdund, is carried
out in channels only 6mc wide by using vestigial sideband transmission, illustrated by Fig. 1-15. This graph shows relative
strengths of radiated powers or voltages at various frequencies
higher and lower than the carrier frequency.
With vestigial sideband transmission there is an upper sideband extending in full strength to 4 mc higher than the video
carrier frequency, then falling to zero. There is a lower sideband
extending to only 3/4 mc below the video carrier frequency in full
strength, and then falling to zero. At 1/2 mc above the limit of
full strength in the upper sideband, and 414 mc above the video
carrier, is the sound carrier frequency. Sound is transmitted with
frequency modulation in a band having a total width above and
below the sound carrier of only two or three hundred kilocycles,
or only 0.2 to 0.3 mc. To prevent interference with and from
adjacent channels the sound carrier is placed 1/4 mc below the
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Fig. 1-15.—Distribution of frequencies in one charmed with vestigial
sideband transmission.

high-frequency limit of the channel, and there is an extra /
2
1
mc
below the full-strength portion of the lower sideband.
Note that in the lower sideband are transmitted in full strength
all modulation frequencies in the range between the video carrier
and 3/4 mc below it. These same modulation frequencies are
transmitted also in full strength by the first 3/4 mc of the upper
sideband, the portion just above the video carrier frequency. Thus
all modulation frequencies in this 3/4-mc range are transmitted
with double strength. All the higher modulation frequencies are
transmitted by only the upper sideband, consequently with only
single strength. These different strengths which appear in the
received signal are evened out in the video i
-f amplifier, as will
be shown when we come to the subject of receiver attenuation.
The graph representing vestigial sideband transmission is not
a waveform, because it does not show changes of voltage with
respect to time. Rather it shows only maximum permissible radiated powers or voltages with respect to the various frequencies
included in achannel.
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If a station were to transmit a range of carrier frequencies
just as shown by Fig. 1-15, without modulation of any kind, this
transmission could produce in a receiving antenna the same uniform voltage throughout the 4 3/4 mc of the upper and lower
sidebands. Such a signal would be excellent for service tests, for
by observing the output of various stages between antenna and
video detector we might tell whether or not there were uniform
amplification or gain at all the frequencies.
The actual transmitted signal undergoes continual changes of
voltage and frequency due to the modulation for pictures, blanking, and sync pulses. It is not constant enough nor uniform enough
for testing. Consequently, for service work in stages carrying
carrier and intermediate frequencies, we must use an instrument
which will deliver an ideal input signal consisting of a voltage
which remains constant while swinging back and forth through
arange of frequencies 6mc or more in width. This instrument is
the sweep generator.

Chapter 2
TELEVISION SERVICE INSTRUMENTS
When the tuner of a television receiver is adjusted for some
certain channel all the frequencies for both video and sound transmission in that channel should be amplified, while frequencies
outside the channel should not be amplified. The amplification
or gain for acertain tuner adjusted for channel 5, as an example,
might be about as shown by the full-line curve of Fig. 2-1. The
ranges of video and sound frequencies in the channel are shown
by the broken-line curves. The gain curve, usually spoken of as
the response, extends over all transmission frequencies in the
channel, but not into adjacent channels.
Gain of R-F Amplifier

76

82

C

MC

Hu. 2-1.—A gain curve or response curve for a tuner set for reception in channel 5.

It would be possible to check or measure the response of atuner
by coupling an ordinary signal generator to the antenna terminals
and connecting an electronic voltmeter or other suitable indicator
to the output of the mixer or converter circuit. Were the frequency
from the signal generator slowly varied through the entire 6 mc
of the channel, the output indicator would show the relative gain
or response at every frequency in that channel. We could make
notes of the relative gains at many frequencies and draw a response curve accordingly. This would be a time-consuming
19
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process. Worse, it would be necessary to plot a new response to
show the effects of every change in alignment adjustments or
other service operations.
The practical method of observing a response is to have it
appear continually on the screen of an oscilloscope, with every
change of gain at any or all frequencies instantly indicated by a
corresponding change in the trace. This is done by using asweep
generator instead of an ordinary signal generator for the input,
and using an oscilloscope instead of a meter as output indicator.
A sweep generator is a signal generator whose frequency continually and automatically shifts back and forth through arange
of several megacycles above and below some center frequency for
which the generator is tuned. The width of sweep, which is the
number of megacycles through which there is continual variation,
is adjustable to whatever range is required to more than cover
the channel on which you are working. For example, with asweep
generator adjusted for channel 5its frequency might be made to
sweep back and forth between 74 and 84 mc as shown by Fig. 2-2.
1
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Fig.2-2.—The

frequency from the sweep generator shifts back and forth over
o range somewhat greater than that of channel frequencies.

This sweep would extend from 2me below the lower limit of the
channel all the way through to 2mc above the upper limit.
In the next few pages we shall use frequencies in channel 5to
illustrate how some test instruments may be used. This will make
it possible to talk about definite frequencies as specified in megacycles. It must be understood, however, that the same principles
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would apply in all other channels with no changes other than in
the particular frequencies mentioned.
The rate of sweep usually, but not always, is 60 times per
second or 60 complete cycles of frequency change per second.
Continuing with our example for channel 5, the frequency during
1/60 second of time would change from 74 mc up to 84 mc and
then go back to 74 mc. The change of frequency may be represented as in Fig. 2-3. This curve showing how frequency varies
with respect to time looks like the familiar sine wave of alternating voltage. It actually is a sine wave because, nearly always,
the rate of frequency sweep is controlled by an alternating voltage secured from the a-c power or heater circuits of the generator, wherein the frequency is 60 cycles or is the line frequency.
The output voltage of asweep generator is adjustable by means
of an attenuator control to any value between approximately
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Fg. 2-3.—Variations of sweep generator frequency with respect to time.

zero and a considerable fraction of a volt. If this output is applied directly to the vertical input of an oscilloscope, with no
amplifier in between, the vertical travel of the beam in the oscilloscope tube will be affected by the amplitude of the generator
output voltage. The greater the output the greater will be the
voltage tending to deflect the beam vertically. Horizontal deflection of the beam will be according to whatever voltage is used
for horizontal sweep in the oscilloscope.
The name oscilloscope is such a long one that, hereafter, we
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shall use the shorter word "scope" in referring to this instrument — as is general practice among service technicians. It may
be mentioned also that the names oscilloscope and oscillograph
are merely two different names for the same general kind of
instrument.
An instructive experiment may be performed if the frequency
from the sweep generator can be made low enough to come within the range amplified by the vertical amplifier in the scope. With
service types of scopes the limit of vertical gain usually is no
more than two or three megacycles, and may be much less. If the
scope beam is being deflected vertically by the signal from the
generator, adjustment of the internal sweep of the scope to 60

Sweep
Fig. 2-4.—At very low frequencies the scope trace may show vertical
deflection corresponding to sweep generator output voltage.

cycles will produce a trace somewhat as shown in Fig. 2-4. The
height of the trace, dimension E, will vary with change of output
from the sweep generator as the attenuator is adjusted.
At frequencies higher than those for which there is appreciable
gain in the vertical amplifier of the scope, the trace will become
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merely a horizontal line. This is because the beam no longer is
moved up and down on the screen. Regardless of whether the
trace has any height or is only astraight line, the frequencies are
varying from one side to the other just as they vary during 1/60
second in the output of the sweep generator. By adjusting the
generator frequency to a small fraction of a megacycle you will
plainly see how the vertical waves get closer together and farther apart as the frequency increases and decreases during the
sweep.
Now we are ready to apply the output of the sweep generator
to the input of a television tuner, as in Fig. 2-5, and connect the

Oscilloscope
Sweep
Generator

Fig. 2-S.—Voltage from the sweep generator is amplified in the tuner and
applied to the oscilloscope.

output of the tuner to the vertical input of ascope. If the response
or gain of the tuner is about as shown in Figs. 2-1 and 2-2, the
trace will appear as in Fig. 2-6—provided the vertical amplifier
in the scope has any gain at such high frequencies.
We are not particularly interested in the portion of this trace
between the top and bottom outlines. It is only the upper outline
and the lower outline which represent the response or gain of the
tuner at the various frequencies in the swept range. The way to
get rid of the high frequencies and leave only the response curve
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on the scope screen is to demodulate the output of the tuner
before it goes to the vertical input of the scope. This we may do
by inserting between tuner and scope any detector which operates
on amplitude modulation.
As you know, any a-m detector circuit does two things: First,
it removes the high carrier frequency or the high intermediate
frequency. Second, it delivers in its output only the average
amplitude of the incoming frequency. As such detectors are
ordinarily used in receivers, this average amplitude represents
the signal modulation, but as we shall use the detector in our

t
i
i
i
74 mc

i
84 mc

74 mc

Fig. 2-6.—Amplification of generator output voltage occurs only at frequencies
for which the amplifier has gain.

present work its output will represent the frequency response of
whatever amplifier is connected between the signal generator
and the scope.
Although we now are using a television tuner as the amplifier
whose response is to be observed, exactly the same arrangement
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of sweep generator, detector, and scope may be used for observations also on any one or more stages of the video or sound
intermediate-frequency amplifiers. In fact, this combination of
instruments may be used on any amplifying circuits which are
between the antenna and either the video detector or the sound
detector of a television receiver. In all these circuits there are
carrier or intermediate frequencies.
When an oscilloscope is used on any circuits following the video
or sound detectors of the receiver, those detectors will have removed the high intermediate frequencies and passed into their
outputs only the signal modulations. Consequently, when working
on circuits following either detector, we shall not need the extra
detector about which we have been talking.
The modulation which passes into circuits following the video
and sound detectors consists of audio variations, sync pulses, or
both sync and picture signals—depending on where the signals
appear. Most picture frequencies are beyond the gain limit of the
vertical amplifier in ordinary scopes, but audio and sync frequencies are easily handled by this amplifier and will form signal
traces on the screen of the scope.
Detector Probe.—Having talked so much about a detector for
use with the scope it will be well to describe atypical unit such as
may be purchased or assembled in the service shop. The circuit
is shown by Fig. 2-7. The rectifier is a type 1N34 germanium
crystal diode, which may be connected in either polarity. The
only effect of reversing the positive and negative ends of the
crystal will be to invert the response curve. With one connection
oMescope /
Probe
Tip

Rb

I Ca
I

Ra

VERT.
INPUT

Cb

GM)
Ground
Clip

Shield Can

Cable
Shield

Fig. 2-7.—A detector probe cuing o crystal diode.
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there will be produced the upper envelope of Fig. 2-8 and with
the reversed connection there will appear the lower envelope.
Capacitor Ca may have any value between 0.001 and 0.005 mfd.
Capacitor Cb may be between 0.001 and 0.002 mfd. Both must be
mica or non-inductive ceramic types. Resistor Ra may be of
10,000 to 20,000 ohms, and Rb of 5,000 to 20,000 ohms. Quarterwatt resistors are amply large in both places.
The entire unit must be enclosed in a non-magnetic metallic
shield. Some shield cans made for small tubes may be adapted
Upper Envelope

74 m c

84 mc

74 me

Lower Envelope
hg 2-8.--Either envelope Feay appear as the hate after demodulation.

to this purpose. The probe tip must be well insulated and mounted
rigidly on or in the shield can. An insulated pin-jack tip is satisfactory, or asmall insulated alligator clip may be used. Its outer
end is protected with a rubber or plastic sleeve made for use
with .these clips.
Connection from probe to scope vertical input must be through
a shielded cable. Small diameter single-conductor flexible microphone cable or any other flexible shielded conductor may be used.
The shield of the cable is soldered to the shield can of the probe.
Tip-jack plugs or other connections suited to the input terminals
of the scope are attached to the opposite end of the cable. The
ground clip should be asmall alligator type on an insulated wire
extending inside the shield can and soldered to this can. Since the
high-frequency circuit is completed through the probe tip, capacitor Ca, resistor Ra, and the lead for the ground clip, this lead wire
should be no longer than will allow its connection to chassis
ground points near the place where the probe tip is being used.
Synchronized Sweep.—Now we may return to our observations
of scope traces, where we had arrived at either of the two
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response curves of Fig. 2-8. You will recall that these traces are
secured with the internal sweep of the scope adjusted for 60
cycles.
Since the two curves are of like shape, and only one is needed
during service operations, half the screen space is wasted by the
second curve. By increasing the horizontal gain of the scope and
at the same time shifting the horizontal centering control it may
be possible to bring one enlarged curve onto the screen. There
will be some distortion of the curve, because the variations of
generator output frequency usually follow an approximate sine
wave while the internal sweep of the scope should be nearly
linear.
A method more generally used and one which, on the whole,
is more satisfactory, makes use of a synchronized sweep voltage

Fig. 2-9.—How forward and adorn Homo aro superinsposod and tyndironhod.
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instead of the internal sweep of the scope. Most sweep generators
have provision for furnishing such a sweep voltage. It is an
alternating voltage, ordinarily of the same frequency and always
of the same waveform as the voltage which produces the frequency variation of Fig. 2-3. This sweep voltage is applied to
the horizontal input of the scope to make the beam in the cathoderay tube sweep horizontally in unison with variations of
frequency.
With a 60-cycle synchronized sweep voltage used with a 60
cycle sweep rate, the electron beam moves from left to right and
back to the left during each 1/60 second. During the first halfcycle of sweep voltage the beam travels from left to right, as at
A in Fig. 2-9, and the frequency changes from 74 to 84 mc with
our apparatus set up for channel 5. During the second half-cycle,
at B, the beam travels back from right to left, while frequency
changes from 84 back to 74 mc.
Because of the rapidity with which they recur, both forward
and return traces will be seen together as in diagram C. They
may be exactly superimposed to look like a single curve or they
may be displaced in greater or less degree with reference to each
other. Slight displacement is illustrated in diagram C.
Phasing.—It is, of course, desirable that forward and return
traces which actually are alike should appear as a single curve.
They will appear so provided the synchronized sweep voltage
actually is precisely in time with, or in phase with, the sweep of
frequency. Otherwise the two traces may be greatly displaced,
as in diagram D. Some sweep generators which provide a synchronized sweep voltage have this voltage truly synchronized or
in phase with the variations of frequency. Other generators may
have a phasing adjustment which will bring the traces together
to appear as a single curve.
A sweep voltage which is adjustable as to phase may be
secured from the 6.3 volt or 5.0 volt filament or heater circuit in
the sweep generator. A circuit is shown by Fig. 2-10. One side of
the circuit is grounded, as usually is the case with filament or
heater circuits. Connections H and G may be made directly to
the heater or filament winding of the power transformer, or G
may be run to any ground point while H is run to the ungrounded
heater or filament prong of any tube socket.
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Fig. 2-10.—A circuit for phasing horizontal deflection in the oscilloscope wit.,
the sweep of frequency from the generator.

Resistor R is a potentiometer or rheostat of 50,000 ohms total
resistance. Capacitor C may have a value of 0.02 mfd or more.
A connection is made from between resistor slider and capacitor
to the horizontal input of the scope through shielded cable. The
end of the cable shield which extends into the generator housing
is soldered to a chassis ground, while the other end of this cable
shield is fitted with a tip for connection to the ground terminal
of the scope.
As the slider of the resistor is shifted one way and the other,
one trace or one curve on the scope screen will move to the right
while the other one moves to the left. There will be one adjustment point with which the two traces or curves will come together. If they are alike, the two curves will appear as one.
Phasing circuits for the horizontal synchronized sweep may be
built into the sweep enerator or built into the oscilloscope. Both
instruments are available with and without phasing controls. If
neither is provided with such a control, a separate unit may be
assembled by using any small transformer having a primary for
connection to the power and lighting lines and a 5.0 volt or 6.3
volt secondary for use as the source of sweep voltage.
Requirements for Sweep Generators.—If a sweep generator is
to be used for testing and alignment in all sections of the television receiver the generator tuning must be adjustable to any
carrier frequency or any intermediate frequency which may be

be
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encountered. Carrier frequencies in channels 1to 6 extend from
44 to 88 mc, in channels 7 to 13 the carriers frequencies extend
from 174 to 216 mc, and when higher channels are used, they too
must be handled. Video and sound intermediate frequencies
formerly lay in the range between 20 and 30 megacycles, but in
some later receivers have extended upward toward 40 mc. In
receivers using intercarrier sound systems the sound intermediate frequency is 4.5 mc. Some sweep generators care for
these various ranges of frequency with separated bands, while
others provide continuous coverage from less than 4 mc all the
way through the high limit of the highest channel.
The frequencies just spoken of usually are called center frequencies. They are the frequencies above and below which there
exists the sweep of several megacycles in extent. Most sweep
generators have dials marked with graduations for all the center
frequencies provided. The accuracy of frequency calibration need
not be particularly good in a generator used only as a sweep.
This is because the exact frequency at any or all points in the
swept range is identified by means of a separate marker generator, which we shall discuss shortly.
The next consideration is the sweep width, which is the total
number of megacycles through which the output frequency varies
around the center frequency. When working on an entire channel
it is necessary to have a sweep somewhat wider than the channel width of 6 mc. Intermediate amplifiers carrying both video
and sound require the same width, and even when sound is not
important or is not wanted in the response we still require ample
sweep width to observe whether or not the sound is present. We
may conclude that, for all work where video signals are present,
the sweep width should be adjustable to amaximum of 8to 10 mc.
If the same sweep generator is to be used for visual alignment of
sound it will be necessary to reduce the sweep width to around
2 mc at most.
The signal output of the sweep generator should be adjustable
from aminimum of as near zero as possible through to a maximum of at least 0.1 or 02 volt, these strong signals often being
needed when working with the amplification of only one stage.
It is desirable, although not absolutely necessary, that the output
be calibrated with a graduated scale marked in microvolts.
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It is important that the output voltage remain practically constant as the frequency sweeps back and forth through any
adjusted width and at any center frequency. If there are humps
or dips in any swept range these irregularities will be amplified in
the response curves and may completely obscure the true significance of such curves. If there is a slight rise or fall of output
voltage through the swept range, and if the change is uniform
from side to side of the trace, it may be allowed for and need not
cause much difficulty.
If the sweep generator is to be connected to the antenna terminals of the receiver during any tests or adjustments it is
highly desirable that the output impedance of the generator be
reasonably well matched to the input impedance of the antenna
terminals. Most receivers are designed for use with a 300-ohm
balanced transmission line coming from antenna to two antenna
terminals on the set. Neither of these is aground terminal. Other
receivers are designed for use with a 75-ohm unbalanced transmission line having a center conductor and an outer shield. Then
there is one antenna terminal for the center conductor and a
ground terminal for the shield of the line.
Sweep generators usually are designed with output impedances
of either 50 or 75 ohms (unbalanced) or 300 ohms (balanced).
Some have an output impedance which varies with attenuator
adjustment from near zero to several hundred ohms. Generators
often have arrangements for using either of two or more sets of
terminals which allow different output impedances. In connection with the subject of tuner alignment will be shown some
matching pads which may be used when there are no such provisions in the generator itself.
Marker Generator.—Although the sweep generator may be
adjusted for any approximate center frequency and sweep width
within the range of this instrument, it provides no means for
identifying the exact frequencies at various points along the
response curve. For such identification we need a second signal
generator, called the marker generator. This is the type of signal
generator in common use for all kinds of servicing, one which
furnishes a single steady frequency determined by the generator
tuning adjustment. A generator employed for amarker always is
used without modulation, with apure r-f output.
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Marker Generator
Oscillo—
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Sweep
Generator

2-11.—The sweep and marker generators are both connected to the
amplifier input, with the oscilloscope on the output.

The chief requirement for the marker generator is precise
calibration of its output frequency. The success or failure of
many service operations depends on knowing, within a small
fraction of one per cent, the frequencies at various points along
the response curve. This accuracy depends on the marker
generator.
As shown in principle by Fig. 2-11, the signal voltages from
sweep generator and marker generator are fed together into
any amplifier being tested. To illustrate what happens we shall
assume acase in which the output of the sweep generator is varying between 74 and 84 mc, while the output of the marker
generator is constant at 80 mc.

Trace

Trace

mg(

Sweep

of

Frequency

Marker
Frequency
Fig. 2-12.—A marker produced by beating of frequencies from th. two generators.
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When any two frequencies are fed together into the same
amplifier the frequencies beat with each other to produce sum
and difference frequencies in the output. During each forward
sweep and during each return sweep there will be some point on
the response at which the frequency from the sweep generator
passes through the same value as the frequency from the marker
generator. In our assumed case this will be at 80 mc on the
response curve.
At the instant of equal frequencies there is "zero beat." Just
before and just after this instant of zero beat there are produced
very low beat frequencies. These low-frequency beats will
produce output amplitudes both greater and less than those
existing at other instants. Fig. 2-12 shows, much enlarged, the
result on the oscilloscope trace.
Such an irregularity on the trace is called a marker, a marker
pip, or by some equivalent name. The center of the marker
identifies the point on the response trace at which the frequency
is that from the marker generator. Fig. 2-13 shows how markers
appear at three different frequencies on the response curve of
avideo i
-f amplifier. Each of these markers would exist when the

Fig. 2-13.—How markers may be made to appear on a response curve to
identify various frequency points. (Courtesy of RCA)

84

APPLIED PRACTICAL RADIO-TELEVISION

marker generator is tuned to the frequency written on the figure.
In actual operation the center frequency and sweep width of
the sweep generator are adjusted to bring the entire response
curve, or as much of it as possible, onto the screen of the oscilloscope. Then, as the marker generator is tuned through the range
of swept frequencies, the marker pip will move across the
response curve. To determine the frequency at any point along
the curve it is necessary only to bring the marker to the point in
question and then read the frequency from the dial of the marker
generator. To make the response satisfy certain requirements at
some certain frequency, the marker generator is tuned to this
frequency and left there while adjustments are made to shape
the curve as may be required at the point identified by the marker
Often the marker pip will be so wide as to make frequency
identification rather difficult, or the trace may show many small
vertical waves on both sides of the zero beat point. This is likely
to happen when the vertical response of the oscilloscope extends
to high frequencies, which appear in the beats either side of the
zero beat point. The high frequencies may be bypassed and the
marker pip made narrower by connecting a capacitor from the
vertical input of the scope to ground. This capacitor may be
located either at the scope input end of the cable or at the receiver
or amplifier end. The required capacitance usually is something
between 100 and 1000 mfd, with the correct value the least
capacitance which gives a satisfactory pip. A carbon or composition resistor of 5,000 to 10,000 ohms in series with the vertical
input lead may help to produce a narrower marker pip.
Requirements for Marker Generators.—As mentioned before,
the first requirement for a marker generator is precision of
frequency calibration. It is desirable that the frequency at or
near important settings be compared with the output of some
crystal controlled oscillator so that allowance may be made for
any variation between actual frequency and dial indications of
the marker generator. The range of frequencies should be the
same as for the sweep generator. That is, the coverage should be
of all the television carrier frequencies, of all the video and
sound intermediate frequencies, and of the 4.5 me intermediate
for intercarrier sound.
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Maximum output voltage should be at least 0.2 volt. There
should be a good output attenuator, preferably calibrated in
microvolts. It should be possible to use the output either unmodulated or else modulated. The percentage modulation should be
known, or should be adjustable in known steps or with a calibrated dial. As with all test equipment, the output cable should
be shielded, with the shield grounded. Usually, within the generator, there is ad-c blocking capacitor in series with the output lead.
Otherwise it nearly always is necessary to use an external capacitor to prevent shorting of grid circuits to which the generator
may be applied and to prevent getting direct current from receiver circuits into the attenuator system of the generator.
The Oscilloscope.—The diameter of the oscilloscope screen is
of no particular importance other than for the fact that it may
be easier to observe a response or a waveform on a large screen
than on a small one.
When there is only moderate gain in whatever amplifier stages
are between the signal generators and oscilloscope, the vertical
amplifier stages are between the signal generators and oscilloscope, the vertical amplifier of the scope itself must have rather

Fig. 2-14.—Sync pulses in the output of a clipper tube in the sync section
(Courtesy of Motorola)
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high sensitivity in order to produce a useful response curve. This
will be the case when working through only the tuner or through
only one or possibly two stages of the video i
-f amplifier. The
input from the sweep generator must be kept low in order that
tubes in the amplifier won't be overloaded. For this class of work
the vertical sensitivity of the scope usually has to be better than
0.1 volt per inch of deflection. If the generator signal passes
through three or four stages of amplification before going to
the oscilloscope, a vertical sensitivity of 0.5 volt per inch or
even lower may be enough.
For measurements in parts of the receiver following the video
detector ascope sensitivity of 0.5 volt per inch or even approaching 1.0 volt ordinarily will provide plenty of height on the traces.
Here, however, we run into another requirement, that of frequency response in the vertical amplifier. Although the line frequency at 525 lines per frame is only 15,750 cycles per second,
the square pulses of the sync signals consist electrically of combinations of many higher frequencies. To avoid extreme rounding
of the corners or considerable tilting of the trace the vertical
gain should be nearly flat up to at least 200 or 300 kilocycles, and
preferably much higher. Fig. 2-14 shows a trace of horizontal
sync pulses when using the internal sweep of the scope set for
half the horizontal frequency in order to show two cycles or two
picture line periods.
When the oscilloscope is being used on circuits following the
video detector the purpose ordinarily is to observe sync pulses
or to observe various waveforms in the sync section, the sweep
oscillators, and the sweep output and deflection circuits. Often
there are much higher frequencies which tend to make the
traces appear fuzzy and to obscure the portions which are of
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Fig. 2-11—A low-pass Alter probe for the vertical input of th • oicilloscoPe•
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real interest. To clear up the traces the vertical input cable should
be fitted with a low-pass filter. A suitable filter circuit is shown
by Fig. 2-15. Resistance at R may be anything between 8,000 and
15,000 ohms. Capacitance at C may be from 0.0005 to 0.002 mfd.
The greater this capacitance the greater is the reduction or
elimination of high frequencies, but too much capacitance will
commence to cut out some of the lower frequencies which should
be observed.
When using a sweep generator and a synchronized sweep for
the oscilloscope a given trace or curve may appear on the screen
in any one of the four positions shown in Fig. 2-16. Whether
frequency increases from left to right or from right to left depends on the phase relation between the sweep voltage applied
to the horizontal input of the scope and the voltage which causes
shifting of frequency in the generator. Changing this phase relation by 180 degrees reverses the direction of frequency increase.

. . ._
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4

Increases

/
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Fig. 2-16.—Responses and waveforms may be ee.ersed and inverted io
various ways as they appear on the oscillorrope trace.

If the source of synchronized sweep voltage is a unit separate
from the sweep generator, reversing thE position of the line plug
in the power receptacle will reverse the direction of frequency
increase.
Whether positive voltages are at the top or bottom of the trace
depends, of course, on the polarity of the input signal and on
the number of amplifying stages through which it passes be-
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tween generator and scope. The signal in the plate load of every
stage is inverted with reference to the signal applied to the
control grid. This polarity depends also on the number of vertical
amplifying stages in the oscilloscope and on the connection from
the last stage to the deflection plates of the cathode-ray tube.
When observing sync pulses or other related waveforms the
sweep generator and synchronized sweep voltage are not used.
The beam of the cathode-ray tube is deflected horizontally by
the internal sweep of the oscilloscope. The visible trace usually
progresses from left to right with time, so that parts of a waveform occurring earlier are at the left, and those occurring later
are at the right.
Whether sync pulses extend up or down from the black level
depends on the polarity of these pulses at the vertical input of
the scope. At various points throughout the sync and deflection
circuits of the receiver the pulses are inverted as they pass
through certain amplifiers, limiters and clippers. The polarity of
the pulses depends also on the polarity of the vertical amplifying
system in the scope, whether positive or negative input causes
rise of the beam in the cathode-ray tube.
Often it is desirable to measure the voltage of a sync pulse or
of the potential causing some other waveform trace with the
oscilloscope used between the sync takeoff and the deflection
circuits of the picture tube. Such measurements may be made
with greater or less accuracy by applying to the vertical input
of the scope another measured voltage which may be adjusted to
give the same height of trace.
A method of making such voltage measurements is illustrated
by Fig. 2-17. The Dower transformer is any small radio type from
Potentiometer
Oscillo—
scope

vEmr
Power
Transformer

A-C
Voltmeter

Coble

GN

Fig. 2-17.—A omit for providing oscilloscope traces whose height may be
translated into applied voltage.
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whose secondary may be obtained 150 to 1'i5 a-c volts. Across the
transformer is a potentiometer whose resistance must be great
enough that the current through it will not exceed the trans
former rating, and whose own power rating will not be exceeded
by the applied voltage and current. Between either end of the
potentiometer and the slider is connected a high-resistance a-c
voltmeter. A multi-range type of service meter is just right for
this position. Across the voltmeter are connected any convenient
terminals to which may be connected the ends of the cable being
used for tests with the oscilloscope. It is necessary to use the
cable between scope and meter because any filter resistors and
capacitors will cause some change of voltage in the cable.
Waveform voltages ordinarily are specified in peak-to-peak
values, from bottom to top of the trace. Because of capacitors
which always are in series with the vertical input, the voltage
causing deflection always is alternating. Peak-to-peak voltage
then is twice the usual peak voltage value, which is measured
from zero to either one peak. The ordinary zero-to-peak voltage
in a sine wave is 1.4 times the effective value in the same wave.
The meter used as in Fig. 2-17 indicates effective a-c voltages. As
a consequence of all this, the voltage shown by the meter must
be multiplied by 2and then by 1.4, or multiplied by 2.8 to convert
it into the equivalent peak-to-peak voltage of the scope trace.
This explains why we need only 150 to 175 volts from the transformer secondary, for when multiplied by 2.8 this allows measuring peak-to-peak voltages of around 400 volts.
Voltages measured in the manner just described are being
compared with those whose frequency is 60 cycles, the power line
frequency. If the receiver frequencies are so high that the gain
in the oscilloscope amplifier is lower than at line frequency the
computed voltage values will be lower than the actual highfrequency voltages. It should go without saying that the vertical
gain control of the scope must not be changed when transferring
the input cable to the voltage measuring unit.
Electronic Voltmeter.—The overall response of the entire video
i
-f amplifier covers a range of from three to four or more megacycles. This broad range may be satisfactorily checked only with
the sweep generator and oscilloscope. But the individual stages
of many video i
-f amplifiers have a relatively narrow response,
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being peaked more or less sharply to a single frequency. By
tuning several such peaked stages to different frequencies their
combined or overall response covers the i
-f range.
Peaked stages may be aligned one by one with the sweep
generator and oscilloscope, but it's more common practice to
employ a single constant frequency for the input. This steady
frequency is furnished by an accurately tuned unmodulated
signal generator, usually the same instrument used for amarker
generator in other operations. The output is measured with an
electronic voltmeter, whose reading becomes maximum when the
stage is aligned to the input frequency, and falls off at either
higher or lower frequencies.
Fig. 2-18 compares the response of a peaked stage as it would
be shown by the oscilloscope and by the electronic voltmeter. As
the signal generator is tuned through the frequencies for which
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Fig. 2-18.—Inc&aliens of on electronic voltmeter follow the ri» and fall
of the oscilloscope tracs.

there is gain in the amplifier the meter reading first will increase,
will become maximum at the peaked frequency, then will decrease
as the peak is passed. When the signal generator remains tuned
to the frequency at which the stage should be peaked, the reading
of the meter will become maximum when alignment is correct.
At the low output voltages which have to be measured it is
necessary to use an electronic voltmeter rather than any other
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type. This is because the input resistance or impedance of such
ameter remains high even when used on the low voltage ranges.
For measurements at radio frequencies the electronic voltmeter is
used with a rectifier probe or detector probe quite similar to the
one already described for use with the oscilloscope. The meter
itself is primarily ad-e instrument, and must be fed through some
kind of rectifier when alternating voltages are to be measured.
All probes have a certain amount of input capacitance which
tends to detune the measured circuits. Then the voltage actually
is being measured with the circuit tuned to the altered frequency.
In well designed units this capacitance is made very small, and
its effects are not serious when the meter is used according to
instructions for the various tests.
Test Setups.—The television service instruments which have
been described should be arranged on a shelf above and back of
the work bench in some such manner as illustrated by Fig. 2-19.
The most important feature here is the provision for grounding
all the instruments and the receiver worked upon to the same
body of metal. This grounding metal consists of asheet of copper
or aluminum covering the top of the shelf and another sheet
covering the working surface of the bench. The two metallic
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Sweep
Generator

Oscilloscope
Electronic
Voltmeter

Fig. 2M.—Service leaervamas »age» above doe week bomb.
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sheets are joined together by heavy bonding leads at both ends.
Each of the instruments must have a connection from one of
its ground terminals to the metal sheet. The receiver chassis will
be grounded to the bench top by contact, but this is not enough.
One or more ground connections should be made through flexible
leads secured to the metal sheet by soldering or otherwise, and
to the chassis with screwed connections or else good strong spring
clips. When receivers having series heaters connected to line and
chassis are worked on it is absolutely necessary that their power
supply come through an isolating transformer. It is a safe plan
to use such a transformer, with secondary insulated from primary, as the power source for all receivers which are serviced.
After everything is set up for making measurements and
adjustments the reading on the electronic voltmeter or the trace
on the scope should not be altered in the slightest degree as you
handle various parts of the equipment. Any change in indications
means that the grounding is not of low enough resistance or else
is to the wrong places on the chassis.
The connection of the output of the sweep generator to the
receiver usually is to the control grid of some tube. This connection should be made through a mica capacitor whose capacitance
is no more than 20 mmfd and preferably less. Then the output
lead of the marker generator is connected to the same point in
the receiver circuits through a second equally small capacitor.
This latter coupling sometimes is made by winding three or four
turns of bare or insulated wire around the lead from the sweep
generator, then connecting the marker generator output to one
end of this wire. Sometimes merely laying the cable from the
marker generator near the cable from the sweep will give enough
input.
After the coupling from the marker generator has been arranged, and before the power switch of this generator is turned
on, obtain a trace on the scope. Then disconnect the marker
coupling. If there is any change in the trace it will be necessary
to rearrange the ground connections to the chassis, or make more
such connections.
Voltage Measurements.—In ordinary sound receivers of the
home radio type the maximum potentials are on the order of a
few hundred volts. If you accidentally touch a high-voltage point
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Fig. 2-20.—Circuits and ports which are at very high voltages
"flyback" type of supply.
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you get a rather severe jolt, but no great harm results. In television receivers some of the circuits associated with the picture
tube carry thousands of volts. Accidental contact with a live
circuit at such potentials may mean serious injury, and for those
with heart ailments could be fatal. Consequently, we should become familiar with the safe handling of such circuits before
proceeding to any actual service operations.
Fig. 2-20 shows in heavy lines the parts operating at high
voltages in a typical system for a magnetic deflection type of
picture tube. For a 10-inch picture tube the pulsating or steady
voltages in these parts range from 4,000 to 9,000 volts, and with
larger tubes the voltages go even higher. Note especially that
even at the plate of the horizontal output amplifier the pulse
potentials run between 4,000 and 6,000 volts.
With 7-inch electrostatic deflection tubes the maximum potentials usually are on the order of 5,000 volts, but these potentials
reach more parts than do the high voltages in a magnetic deflection system. Fig. 2-21 shows the circuits for an electrostatic
deflection tube in which potentials ordinarily range from about
1,500 volts at the focusing control and focusing anode of the
picture tube, up to around 5,000 volts in the other parts. Note that
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fie 2-2 1.—Circuits and parts at high voltage with an r-f voltage supply
used with electrostatic deflection in the picture tube.

the horizontal and vertical centering controls are at the maximum
voltage.
The first and most important rule is never to let any part of
your body come dangerously close to any high-voltage parts
while the circuits are operating, and never to make contact with
any of these parts until after the cord plug has been withdrawn
from the power line receptacle. Do not depend on merely turning
off the receiver switch.
The charge of a filter capacitor C as in Fig. 2-21 quickly dissipates through the voltage divider resistances to ground. In the
magnetic deflection system of Fig. 2-20 a high-voltage charge
may be retained for a considerable time in the filter capacitor C
and also in the capacitance formed by the inner and outer coatings of the picture tube with the glass between them as the
dielectric. These capacitances may be discharged by attaching
one end of an insulated wire to the chassis ground, then touching
the other end of this wire to the high-voltage anode terminal on
the picture tube. If this terminal cannot be reached without re-
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moving the connecting lead, carefully take off the lead, then
discharge the capacitor by touching the lead clip with the grounding wire, and discharge the tube capacitance by touching the
anode terminal with the grounding wire.
Nearly all the recently designed receivers have high-voltage
power supplies in which the rectified voltage is at either the
horizontal scanning frequency of 15,750 cycles per second or else
at some radio frequency greater than 100 kilocycles per second.
These high frequencies require only small filter capacitances
having small energy storage. In older receivers the rectified
power supply voltage is at line frequency, just as in ordinary
low-voltage B-supplies. Here the filter capacitances are relatively large, and can store enough energy to give dangerous
shocks.
The high-voltage rectifier of Fig. 2-21, also its transformer
and possibly other power-supply units usually are enclosed by
a ventilated metallic shield. All the parts of Fig. 2-20, including
the output amplifier, are enclosed within a similar grounded
shield. Removal of the shield may open a safety interlock plugjack arrangement or may open an auxiliary switch that cuts
off the line power from the entire receiver. Otherwise an interlock may be opened by removal of the cabinet cover which gives
access to the receiver.
The interlock must be jumpered or blocked closed in order
to operate the receiver with the power supply shield removed
or the cabinet opened, as the case may be. When working under
such conditions make it an inviolable rule to pull the line cord
plug before making any measurement connections, adjustments,
or replacements in the high-voltage system. Then replace the
cord plug in the receptacle to turn on line power while observing the results of any changes. But before making any further
changes again pull the line power plug.
The safest way to connect voltmeters or other measuring instruments into the high-voltage supply is to tack solder the ground
lead and use a spring clip for the other lead. Try not to use ordinary hand-held test prods. If prods must be employed use only
those types which are insulated for ten or fifteen thousand volts,
or whatever is needed, and which have finger guards. When using
any hand-held test prod keep your other hand in apocket or behind
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your back and be sure you are standing on a well insulated floor,
one which is not damp. Then a shock can force current through
only the one hand, not through your body and vital organs.
Not many service type voltmeters are adapted for direct measurements of potentials in excess of 5,000 volts. For higher voltages it.is necessary to use a special multiplying test prod such as
may be furnished with the meter, or to fit an external multiplier
to an ordinary moving coil type of high-resistance meter. To make
such amultiplier it first is necessary to know the internal resistance of the meter for the voltage scale which will be used—ordinarily the highest available range of the instrument. Multiply the
number of full scale volts by the number of ohms per volt of the
meter. The result is the internal resistance in ohms.
To double the range of the meter connect in series a multiplier
whose resistance is equal to the meter internal resistance. To
triple the range, have twice the internal resistance as the multiplier resistance, for four times the range use three times the
internal resistance, and so on. The full-scale current, in microamperes, taken by any moving coil voltmeter is found from
dividing 1,000,000 by the sensitivity in ohms per volt. If the meter
draws much more than 100 microamperes the added load on
measured circuits will be enough to make readings quite inaccurate. This means that there is little use in working with a
meter whose sensitivity is not at least 10,000 ohms per volt.
The multiplier should be assembled with eight to ten or more
resistors soldered end to end as in Fig. 2-22. The resistors may
be housed in an insulating cover and embedded in high grade
insulating wax. Have the resistors strung out in order, or, at least,
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Lead and
Prod
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Fig. 2,22.—Ifighwebogie multiplier assambieti with resisters.

TELEVISION SERVICE INSTRUMENTS

47

don't get the last ones right next to the first ones in the string.
This avoids excessive voltage differences between adjacent resistors. Always connect the voltmeter into the grounded side of
the measuring circuit.
Having computed the total resistance required in the multiplier,
divide it by some number which allows using standard resistance
values, then use this number of resistors of the indicated value.
It may be necessary to use one resistor of smaller value to make
up the total. To determine the required wattage rating of the
resistors, square the highest voltage to be measured and divide
the result by the total number of ohms in the multiplier string
plus the meter resistance. Then divide the total watts thus found
by the number of resistors, to be on the safe side, and this result
is the actual wattage to be dissipated by each resistor. Use units
whose rating is at least three or four times this actual dissipation,
so they remain cool. All units, regardless of their resistance,
should be of the same wattage rating.
If voltages are to be measured with an electronic voltmeter,
make up a similar resistor string but use it as a voltage divider
as shown by Fig. 2-23. The meter is connected across the last
resistor at the grounded end of the string. Voltage computations
Electronic
Voltmeter

e

Fig. 2-23.—How a voltage divider is used with an electronic vohnteter.

will be more convenient if this last unit is of some even number
of megohms, say 1megohm or 2 megohms.
Here we are not directly concerned with the internal resistance
of the meter, so must use other means for determining the resistance in the divider string. To determine the least resistance which
may be used as atotal proceed thus: Multiply the highest number

48

APPLIED PRACTICAL RADIO-TELEVISION

of volts to be measured by the number of ohms in the resistor
across which the meter will be connected. Divide the result by the
full scale of volts of the meter range to be used. Using more total
divider resistance than given by this computation will reduce the
current drain on the measured circuit, but will also reduce the
portion of the meter scale which will be used when measuring the
highest voltage. To use more of the meter scale and still reduce
the current drain, use more resistance in the unit across which
the meter is connected or else use a lower full-scale range of the
meter.
To determine the value of voltage at the test prod or lead
first divide the total resistance of the resistor string by the resistance of the unit across which the meter is connected. Neglect
ale internal resistance of the meter itself. Then multiply the
result by the number of volts shown on the meter dial. This gives
the measured voltage at the prod or clip.
Voltages are measured at plates, screens, control grids, and
cathodes of tubes other than the picture tube in just the same
way as such voltages are measured in any radio service work. This
applies also to the control grid, the cathode, and other relatively
low-voltage grids or anodes in picture tubes. As with all voltage
measurements, the greater the internal resistance of a moving
coil meter the more accurate will be the results. An electronic
voltmeter gives more accurate results than any moving coil type.
Service instructions of the manufacturer may state that voltages
are measured with some certain tyke of meter, and to obtain
equivalent readings the same type of meter must be used in
servicing operations.
Unless specified otherwise, voltages are measured between
socket terminals and ground on the chassis, or, with some seriesheater receivers, between socket terminals and B-minus. It is
assumed that the a-c line supply is at 117 volts. If the line voltage
is higher or lower, or fluctuates, it is advisable to use a voltage
regulating or adjusting transformer to obtain 117 volts. Service
instructions may specify that controls for contrast, brightness,
and other characteristics be in certain positions for voltage
measurements. Otherwise all these controls may be in the positions ordinarily used for reception. The antenna or transmission
line always should be disconnected from the receiver, and the
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channel selector set for some channel in which there is no transmission from stations within normal range of the locality.
Precautions During Servicing.—We all understand that there is
inductance in even ashort length of straight wire, and that there
is capacitance between every two conductors separated by any
kind of dielectric or insulation. These things are of minor importance at standard broadcast frequencies, other than that we
may have unwanted coupling between long lengths if conductors
run close together. But at the frequencies employed in television
we have to develop great respect for short conductors, and try
to keep away from long ones entirely, and we soon come to
appreciate the effects of capacitance between parts which seem
well spaced.
The position of every resistor, capacitor, and inductor in relation to all other parts may have and usually does have important
effects on tuning when these units carry either carrier frequencies
or intermediate frequencies. Since every conductor possesses inductance and at the same time has capacitance when considered
in relation to all other conductors, it comes about that tuning may
be upset by the least change even in the wires which complete
various high-frequency circuits. You should not change the position of any wire in these circuits during service work.
When resistors, capacitors, or inductors have to be replaced,
the safe method is to use only exact replacements. An exact replacement is the same not only in its electrical values, but must be
of the same materials, of the same dimensions, and have the same
kinds of connections as the original. When leads are replaced,
the new ones must be of the same gauge of wire, with the same
kind of insulation if any is used, and must be of the same lengths
as the originals. Ground connections must be replaced at the
original points, for the position of -a ground usually determines
the portion of the chassis metal through which circuits are completed. The center terminals of many miniature tube sockets are
grounded and are used for ground connections from various
circuits.
Don't remove any shields while making tuning or alignment
adjustments; work through openings provided in the shields. If
there are no openings, take off the shield and make an opening.
Then replace the shield before proceeding. Some workers obtain
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duplicate standard shields for receivers often serviced, make
suitable openings in these duplicates, and use them while making
adj ustments.
Whatever the location of resistors, capacitors, and inductors
leave them there unless the receiver has been incorrectly serviced
by someone else. In general, all high-frequency parts are dressed
away from chassis metal. This applies especially to coupling
capacitors and peaking coils. Don't add new or extra parts anywhere near others already in the receiver high-frequency circuits.
Don't switch tubes, even though they are of the same type and
make, unless you are willing to realign the circuits.

Chapter 3
TELEVISION TUNERS
Before undertaking the actual work of alignment and other
service adjustments in television receivers it is necessary that
we understand principles of construction and operation which
are in common use. We are especially interested in what might
be called the mechanics of service rather than in radio theories,
and it will be on this basis that we shall proceed. We may commence our examination where the television signals enter the
receiver, at the tuner.
Television tuners make use of the same fundamental principles
of the superheterodyne as employed in the r-f and oscillator sections of conventional sound receivers. That is, there is an r-f
amplifier fed from the antenna through the transmission line,
an r-f oscillator, and amixer. Television receivers do not use the
types of converter tubes which combine in asingle electron stream
and asingle set of elements the functions of oscillator and mixer.
Rather, these two functions are performed by separate tubes or
else by two independent sets of elements in one envelope. In spite
--,
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of this, the television mixer sometimes is called a converter, a
first detector, a modulator, or some similar name.
There are various ways of making the tuner circuits resonant
at the frequencies in any channel where reception is desired.
Some general principles are illustrated by Fig. 3-1. The coupling
between antenna and r-f amplifier sometimes is tuned and again
may be untuned. The coupling between r-f amplifier and mixer
always is tuned to the channel frequency. The oscillator "tank
circuit" always is tuned to a frequency which differs from the
r-f frequency by an amount equal to the intermediate frequency
used in the receiver.
There are several different ways of changing the resonant
frequency in whatever tuned circuits may be employed, so that
they are responsive to any one channel. The method which probably is in most general use provides, for each channel, a separate
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set of tuned circuits or separate sections of a single tuned circuit.
These separate circuits or sections are switched into the tube
circuits according to the particular channel on which reception
is desired.
Fig. 3-2 shows one method of providing separate tuned circuits
for each channel. Only a few channels are represented, but the
method may be extended for any number. This diagram shows
the coupling between r-f amplifier and mixer, but the same switching method would be used also for tuned antenna couplings and
for the oscillator circuit in any given receiver. Any of the tuned
circuits may be connected between the two switch contacts indicated by arrowheads, one from the r-f amplifier plate and the
other to the mixer grid.
You will note that in this and many similar diagrams there are
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Fig. 3-3.—More or less of this tuned circuit is shorted to vary the
resonant frequency.

shown tuning inductances but no tuning capacitors. Tuning
capacitance is provided by the input and output capacitances of
the tubes, by distributed capacitance in the inductor coils, and
by stray capacitances in the wiring and other parts. All of these
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capacitances together usually provide a total of 20 to 30 mmfd,
which is ample for tuning at carrier and intermediate frequencies. The inductance of the coil is made of a value which,
with the tube and circuit capacitances, is resonant at the frequency to be received or amplified. By using no additional tuning
capacitance we may have maximum inductance for any given
frequency, and this means ahigh-Q circuit.
Fig. 3-3 illustrates one method of employing more or less of
the inductance and distributed capacitance in single tuned or
tunable circuits. Operation of the channel selector moves the two
shorting contacts along the arrowheads which represent contact
points along the inductance elements. With the shorting contacts
in the position shown, tuning inductance and distributed capacitance is provided by inductor sections a, b, and c. Moving the
shorting contacts upward would short to ground more of the
inductor sections, reduce the effective inductance, and raise the
tuned frequency. Movement of the shorting contacts downward
leaves more inductor sections ungrounded, and increases the
inductance to lower the tuned frequency.
With construction such as shown by Fig. 3-3, the inductor elements usually are stationary and the shorting contacts are on a

iTiti
Thar.e.woi
Fig. 3-4.—Tho parts of ono style of turret tenter. (Stewart-Warn.,)

rotary switch turned to different positions by the channel selector
control. The inductor elements are mounted very close to the
switch wafers, or may be mounted directly on the wafers.
The same switching method may be used with circuits such
as shown by Fig. 3-2. That is, the inductor or coil elements may
be stationary, mounted on or close to a rotary switch, and the
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contacts represented by the arrowheads may be on the switch
rotor.
Separate tuned circuits of the general style shown by Fig. 3-2
may be switched also by means of a turret tuner. Then the inductor elements for the several channels are mounted on a turret
or drum which is rotated by the channel selector control. The tube
circuit contacts represented by arrowheads remain stationary
while rotation of the turret or drum brings successive inductor
terminals against the stationary contacts. Fig. 3-4 shows construction details of atypical turret tuner.
There are numerous mechanical and electrical variations of
the channel switching methods so far described. The types illustrated are, however, sufficient to show the structural principles
so far as they are important in service work.
Continuous Tuning.—An entirely different method of channel
selection provides inductance-capacitance combinations which
may be continuously tuned through either the entire range of
television carrier frequencies or else tuned with one set of elements through the low band (channels 1to 6) and with another
set through the high band (channels 7 to 13).
Co
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Fig. 3-5.--flow a continuous tuner may be used between r-f amplifier
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Fig. 3-5 shows elementary circuit connections for a tuner
which allows uninterrupted coverage through the entire range
of television carrier frequencies. Inside the inductor unit are three
coils which are rotated by the tuner shaft and thereby caused to
travel endwise. Resting against the turns of each coil is a stationary contact which shorts out whatever portion of the coil
remains between one end and this contact point. Thus the effective
inductance of each coil is varied. One of the tuned coils is in the
plate circuit of the r-f amplifier, a second is in the control grid
circuit of the mixer (or both may be considered as in the plate
circuit) and the third is in the oscillator tank circuit.
The three adjustable capacitors, Ca, Cb, and Cc, and the three
small coils, La, Lb, and Lc, are used for alignment adjustments.
All the channel tuning is done by the rotating coils to vary their
effective inductances. This unit tunes through the f-m broadcast
band and all other radio bands lying between television channels
6and 7.
There is another type of continuous tuner which does not cover
the range of frequencies between television channels 6 and 7.
Instead there is provided one set of tunable inductors covering
channels 1 through 6. and a second set covering channels 7
through 13. Two-way switches automatically cut in whichever
set of tunable inductors is suited to the desired channel, the
switch-over being made by the tuning mechanism as the operator
moves the channel selector between channels 6 and 7.
Most continuous tuners of the two-band type provide variation
of tuning inductance by moving the core slugs one way and the
other inside the coils as the channel selector control is rotated.
Movement of the slugs may be brought about by cams on the
tuner shaft or else by means of a screw with coarse threads. Fig.
3-6 shows the construction of one tuner of this general type. The
screws at the right-hand end of the unit adjust the oscillator
trimmer capacitor for each channel.
R-f Oscillator.—The oscillator which is in the tuner section of
the receiver is spoken of as the r-f oscillator to distinguish it from
the sweep oscillators. Another name is "local oscillator." The r-f
oscillator in television receivers always tunes to frequency which
is higher rather than lower than the carrier frequency. The difference between the carrier and oscillator frequencies is, of
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Fig. 3-A.—Construction of one style of two-band continuous tunee.
(Steveart-Worner)

course, whatever intermediate frequency is employed in the receiver.
Although antenna coupling circuits and the couplers between
r-f amplifier and mixer must have avery wide frequency response,
the r-f oscillator is sharply tuned to its frequency. Then the
oscillator output frequency beats with the modulated carrier frequency to produce similarly modulated intermediate frequencies.
The single frequency produced by the r-f oscillator for any
given channel beats with the amplitude-modulated video carrier
to produce video intermediate frequencies fed to the video i
-f
amplifier. The same oscillator frequency beats with the frequencymodulated sound carrier to produce sound intermediate frequencies which pass through all or part of the video i
-f amplifier
to the sound amplifier, or, in some designs, directly from the
mixer output to the sound i
-f amplifier. The resulting video intermediate frequency is amplitude modulated, while the resulting
sound intermediate frequency is frequency modulated.
Since we are not designing television tuners, but only servicing
them, we are not particularly concerned with the theories and
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characteristics of the types of oscillator circuits in particular
receivers. Most of them are either modified Colpitts oscillators
or modified Hartley oscillators. The "modification" consists principally in omitting most of the tuning capacitances used at lower
frequencies, because tube and distributed capacitances are as
effective for tuning in oscillator circuits as in the antenna and
r-f amplifier circuits.
The great majority of oscillator tubes are triodes, either single
or twin types. This is because the internal grid-plate capacitance
in a triode is much greater than in a pentode, and helps provide
feedback for maintaining energetic oscillation at high frequencies. In common with the r-f amplifiers and mixers, the oscillators
in tuners of recent design are miniature tubes.
Oscillator frequency most often is fed to the control grid of .
the mixer through asmall capacitor connected between the oscillator tank circuit and the mixer grid. The coupling capacitance
seldom is more than 5mmfd and may be even less than 1mmfd.
Another method is to mount the oscillator tuning coil and the
coil in the mixer grid circuit on the same form so that there is
inductive coupling between the circuits. This is fairly common
with turret tuners, and may be found with other styles. There
are several other methods of coupling the oscillator and mixer
circuits, as through a link inductively coupled at one end to the
oscillator and at the other end to the mixer, or by having a
cathode-to-ground resistor which is common to both tubes. This
latter method is found with some designs which use a twin tube
with asingle cathode for oscillator and mixer.
Oscillator Frequency Drift.—It is awell known fact that when
any ordinary oscillator circuit has been tuned to a certain frequency there is likely to be some change or drift of frequency in
one direction or the other, either steadily until reaching some new
frequency or else intermittently one way and the other. If fluctuations of line voltage cause any decided changes in B
voltage to
the oscillator, the frequency may vary with the line voltage.
Even with areasonably constant line voltage it is possible for
changes of temperatures during the warmup period to so alter
the dimensions or positions of circuit parts as to affect the oscillator frequency. Then the frequency will become steady only after
the parts have reached normal working temperatures. Such
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effects are counteracted to greater or less extent by using, in the
tuned circuit of the oscillator, capacitors having a negative temperature coefficient.
In some types of receivers the adjustment of r-f oscillator frequency is quite critical. This is because the deviation in the
frequency-modulated sound signal is plus or minus only 25 kilocycles and the response of the sound i
-f amplifier is only 100 to
250 kilocycles at most. If oscillator frequency drifts very far the
sound signal will be lost. In many receivers of this general type
there is a small vernier capacitor connected across the oscillator
tuned circuit. The adjustment of this capacitor, usually called the
fine tuning control, is varied by the operator to obtain most satisfactory reception on whatever channel is tuned in.
When there is an operator's control for oscillator frequency,
whether called a fine tuning control or by some other name, it
requires adjustment only during and at the end of the warmup
period, until frequency drift has ceased. As would be expected,
these vernier controls are capable of varying the oscillator frequency through an increasing range as the set is tuned to higher
and higher carrier frequencies.
Tuner Designs.—Certain features of tuners and antenna connections may best be explained by means of typical circuit
diagrams. While the examples to be shown illustrate exact methods of connection and operation for particular makes and models
of receivers, they illustrate also many general principles found
in other types.
In the matter of antenna or transmission line connection there
may be provision for only a 300-ohm balanced line, for only a
72-ohm unbalanced line, or for a choice of either type. In Fig. 3-7
the antenna receptacle is at the lower left. A 300-ohm balanced
line would be connected to the two small pins, thus placing the
line across both parts of winding T-1 whose center tap is grounded
at one of the receptacle terminals. A 72-ohm line would be connected to the two upper terminals of the receptacle, with the
shield of the line cable to ground, and the central conductor
of the cable to one half of winding T-1. Thus we have impedance
matching for either type of line.
Winding T-1 forms the primary of an antenna transformer.
There are two secondaries, one above and the other below the
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primary. The upper secondary is tuned for acceptance of all
frequencies in channels 7to 13. The lower one is tuned to accept
all frequencies in channels 1to 6. Connected to a point between
the two secondaries are additional alignment adjustments for
some channels. These are the adjustable capacitors shown along
the upper left-hand side of the diagram.
In some receivers there is no variable or adjustable tuning of
any kind between the antenna terminals and the input to the r-f
amplifier. In this case the two sides of a balanced 300-ohm line
usually are connected to control grid and cathode of the r-f amplifier, with various arrangements of coils which are center tapped
to ground, and of added pairs of capacitors and resistors with
connections from between them to ground.
In Fig. 3-8 there is one complete antenna transformer for the
high-band channels and a second complete transformer for the
low-band channels. A switch operating with the channel selector
cuts in either one or the other transformer. There is provision
here for using asingle antenna for both bands and also for using
separate antennas and transmission lines for each of the two
bands.
Channel Switching.—Fig. 3-9 shows details of tuning inductor
connections to the wafers of a rotary switch used for channel
selection. Input from the plate of the r-f amplifier is at the lower
left. The rotor on the rear of the wafer at the extreme left makes
connection from the plate circuit to the outer end of whichever
of the coils L1 to L11 is to be active for the selected channel. At
the same time the rotor on the front of this wafer shorts together
the outer ends of the other coils.
Rotors on the front and rear of the wafer on the right make
similar active and shorting connections for coupled coils L12 to
L22, which are in the grid circuit of the mixer. There are no
alignment adjustments of this coupling between r-f amplifier and
mixer. Adjustable capacitor C3, from mixer grid to ground, is
used during alignment of the high-band channels.
Oscillator tuning coils TC1 to TC12 are shown by Fig. 3-10,
between the upper and lower switch wafers used for the oscillator
circuit. The rear rotor of the top wafer shorts together the upper
ends of all coils which are not to be active for the selected channel.
At the same time the rear rotor of the bottom wafer shorts to-
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gether the lower ends of all inactive coils. The front rotors of
each wafer makes connections between plate and grid of the
oscillator and the oscillator coil which is to be active for the
selected channel. Note that coil TC1 always remains active.
There are individual alignment adjustments for each of the
twelve oscillator coils. It is rather common practice to provide
separate alignment adjustments for the oscillator inductors in
each channel, even though there are adjustments for only some
CT

SWITCH SHOWN IN CnANNEL 2
POSITION (LYTIIEW( COUNT[11
CLOCKWISE POSITION.)

Fig. 3-9.—Channel tuning between the r-f amplifier and mixer. (Phileo)

channels or for none at all in the couplings from antenna to r-f
amplifier and from r-f amplifier to mixer.
In Fig. 3-11 we have the complete diagram for atuner in which
the coupling between r-f amplifier and mixer consists of inductors
in which various portions are shorted together and to ground for
varying the resonant frequency. The plate of the r-f amplifier is
coupled to the mixer grid through capacitor C130 for all channels.
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and additionally on the low-band channels through capacitors
C124 and C125. The amplifier plate inductors and mixer grid
inductors are separated electrically by means of a metal shield
plate.
The plate inductors, L.98 to L49, and the mixer grid inductors,
L51 to L62, are similar. Each consists of twelve small coils wired
in series. As the channel selector switch is rotated toward the
higher frequency channels, the inductance is progressively short
circuited to leave only sufficient inductance to resonate the circuits at the frequency of the desired channel.
In the tuner circuit for the oscillator, shown at the bottom of
the diagram, there is a separate coil for each channel. Individual
a/MP

cgs
SO

CO
LS

Cal
23

Fig. 3-11.—Tuaer in which portions of the inductances are shorted out for
su ccccc ive channels. (Westinghouse)

coils are connected to the plate and grid of the oscillator by movement of switch rotors, which are indicated by arrowheads on
the diagram.
Some receivers can be operated on eight channels, but not on
all channels. The eight channels are selected to suit the locality
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in which the receiver is to be used. This provides complete coverage because, in any one locality, transmitters do not operate on
channels whose upper and lower frequency limits are immediately
adjacent. For example, in Chicago and New York there may be
transmissions on channels 2, 4, 5, 7, 9, 11 and 13, but not on
other channels.
Selection of channels is made in some receivers by installing
sets of tuning inductors suited to the available channels. In other
receivers the selection is made by alignment of inductors permanently installed.
Selection by alignment adjustment is illustrated by Fig. 3-12.
At the upper right are eight inductors for oscillator tuning.
Inductors L-17 and L-18 always are aligned respectively for channels 1and 2. But the range of adjustment for L-19 is great enough

Fig. 3-I2.—A tuner which may be aligned for reception in any
eight channels. (Motorola)

so that it may be set either for channel 3 or else channel 4. Inductor L-20 may be aligned either for channel 5 or channel 6.
Inductor L-24 always is aligned for channel 7, but each of the
remaining inductors may be aligned for either of two channels.
Tuning coils for the antenna coupling are at the lower left, and
those for coupling between r-f amplifier and mixer are at the lower
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right. In each of these sets one coil is aligned for channel 1 and
another for channel 2. The other two coils may be aligned either
for channel 3 or 4, and for channel 5 or 6. For the high-band
channels the response is sufficiently broad as to require no inductors which are adjustable in the field to one channel or another.
Consequently, on channels 7to 13, inductors L-16, L-15, and L-14
are used and progressively shorted out. This same general method
of switching and channel selection is used for the coupling between r-f amplifier and mixer.
Turret Tuners.—Fig. 3-13 shows connections for a typical
turret tuner used for channel selection. On the turret which is
rotated by the channel selector control are two groups of coils for
each channel. The group shown within broken lines between
antenna terminals and the grid-cathode circuit of the r-f amplifier forms the antenna coupling transformer. The primary and
secondary windings shown by the diagram represent those for
any one channel. Rotation of the turret brings other pairs of coils
into this position.
The second set of windings on the turret is shown within broken
lines between the r-f amplifier and the single-envelope oscillator
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and mixer. Here we have at the top a coil which is connected
into the plate circuit of the r-f amplifier. Next below, and inductively coupled, is a coil in the grid circuit of the mixer. At the
bottom is the oscillator coil inductively coupled to the mixer coil.
Again the three coils in the diagram represent those for any
one channel, with others of different frequency characteristics
brought into this position by rotation of the turret.
There are no alignment adjustments for separate channels on
the antenna couplings or on the couplings between r-f amplifier
and mixer. There are, however, adjustable capacitors A8, A9,
and A/0 which affect tuning in all channels. These three capacitors are adjusted to secure a tuner response curve covering the
required band width while reasonably symmetrical on both sides
with a suitable flat top, and, with other requirements satisfied,
having maximum amplitude or gain. The oscillator coil for each
channel is individually aligned by a tuning slug, as indicated at
Al2 to A23. There is also an adjustable capacitor All which
affects the oscillator tuning on all channels. This is a service
adjustment, and is in addition to the sharp tuning or fine tuning
capacitor C711 which is an adjustment used by the operator.
Two-band Continuous Tuners.—Circuit connections for a twoband continuous tuner are shown in Fig. 3-14. Input from the
antenna is from a300-ohm balanced transmission line connected
across impedance matching coil Li to the control grid and cathode
of the r-f amplifier, at the top of the diagram. Into the plate circuit
of the r-f amplifier a two-way switch connects either one of the
coils Tl and T2, one for the low-band channels and the other
for the high-band channels. Whichever of these coils is being used
is coupled through capacitors C117, C118, and C6 to coils T3 or
T4. The selection is made through asecond two-way switch shown
just above the coils. One coil is used on the low-band channels,
the other on the high band. These coils are in the grid circuit of
the mixer. The mixer is one half of a6J6 twin triode.
The other half of the 6J6 is the r-f oscillator. Oscillator tuning
coils for the low and high bands are marked T5 and T6. These
are selected by athird two-way switch. All the two-way switches
are operated as the channel selector is moved between channels
6 and 7.
Inside each of the tuned coils are iron cores moved by the
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channel tuner control for resonance at the frequency of the desired channel. Connected across each tuning coil is a trimmer
capacitor used during alignment. On the r-f amplifier plate coils
are trimmer C8 for the low band and C9 for the high band. On
the mixer grid coils are C11 for the low band and C12 for the
high band. These four trimmers are used to obtain a tuner response curve of sufficient band pass, with symmetrical peaks, and
maximum gain without upsetting other qualities. Trimmer capacitors for peaking the r-f oscillator are C19 for the low band
and C20 for the high band.

Chapter 4
TELEVISION SOUND
It is necessary that we consider television sound systems before
proceeding to video amplifiers and other sections. The reason is
that the type of sound amplifier affects not alone the method of
aligning the sound circuits, but also the design of the video i
-f
amplifier and following video amplifier, and determines the alignment procedures which may be employed in these sections of the
receiver.
In order to have definite intermediate frequencies to illustrate
the behavior of sound systems we shall consider what happens
to certain carrier frequencies which come into the tuner. In
channel 4, for example, the video carrier is at 67.25 mc and the
sound carrier at 71.75 mc. We may assume that when our r-f
oscillator is tuned for this channel its frequency is 93.35 me. The
difference between the oscillator and video carrier frequencies
(93.35 minus 67.25) is 26.1 me. This is our video intermediate
frequency. The difference between the oscillator and sound carrier
frequencies (93.35 minus 71.75) is 21.6 mc. This is our sound
intermediate frequency.
Here, in passing, we may make note of the relations between
carrier and intermediate frequencies. The sound carrier frequency
in nearly all receivers is higher than the video carrier frequency
in the same channel. But in the difference frequencies produced
by the r-f oscillator the sound intermediate frequency is lower
than the video intermediate frequency. This always is true on
all channels and for any carrier and intermediate frequencies
which might be considered.
The sound system which has been longest in use may be represented as in Fig. 4-1. Continuing with our assumed intermediate
frequencies, both of them pass from the mixer to the video and
sound intermediate amplifying stage of this diagram. Both are
amplified and both appear in the output of this stage. Then the
sound intermediate frequency of 21.6 mc is taken off and applied
to the first stage of the sound intermediate amplifier.
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Fig. 4-1.—A sound system in which the
amplifier and demodulator
operate at the sound intermediate frequency.

Without affecting the general principles of this system the
sound intermediate frequency might be taken off immediately
after the mixer. Then there would be no amplifying stages handling both sound and video. Or the sound might be taken off after
two or even three intermediate amplifying stages. Then there
would be more stages handling both sound and video. The really
important fact, regardless of point of takeoff, is that the frequency fed to the sound intermediate amplifier is the sound intermediate frequency of 21.6 mc.
This sound intermediate frequency is frequency-modulated
with the audio signals. All of the sound i
-f stages operate at the
sound intermediate frequency, and it passes through the demodulator where the high frequencies are discarded and the audio
signal passed on to the audio amplifier and loud speaker. The
demodulator may be a discriminator or else a ratio detector in
its basic circuit.
A more recent development in the field of sound reproduction
is called the intercarrier sound system. Signal travel in this system is shown by Fig. 4-2. The video and sound carriers beat
together in the mixer to produce the same video and sound intermediate frequencies as with any other method. But instead of the
sound intermediate being taken off at some point well ahead of
the video detector, both the sound and the video intermediate
frequencies continue together through all the i
-f stages, and both
are applied to the video detector.
The two intermediate frequencies beat together in the video
detector. The detector acts as a mixer for these frequencies. In
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its output is a new frequency at the difference between the incoming intermediates. The difference between any video intermediate frequency and the accompanying sound intermediate
frequency is 4.5 mc. This is because the difference between the
video carrier and sound carrier frequencies in any one channel
always is 4.5 mc. Consequently, the new beat frequency from
the detector always must be 4.5 mc.
Since the 4.5 mc frequency results primarily from the frequency difference between the two carriers it is called an interSound
Demodulator

Sound IF
Amplifier

Audio
Amplifier

/
.."\ V
Speaker

4.5 mc

Sound
Take off

Picture
Tube

rTuner ,
f
Video and Sound
I-F Stages

Video
Detector

Video
Amplifier

Fig. 4-2.—Tbe takeoff point for an intercarrier sound system follows the
video detector.

carrier beat frequency. The 4.5-mc intercarrier beat is frequencymodulated with the sound signals. That is, superimposed on the
4.5-mc frequency is the 25 kilocycles plus or minus deviation
which is the f-m sound signal accompanying all television signals.
The 4.5-mc intercarrier beat or intercarrier sound goes through
the video amplifier, where it is strengthened along with the video
signal. The intercarrier sound frequency, with its modulation,
is taken off at the output of the video amplifier and fed to the
sound i
-f amplifier. From the sound i
-f amplifier the signal goes
to the sound demodulator where the frequency deviations produce
amplitude modulation which is the audio signal, just as in any
other f-m sound system.
Now we may commence looking for reasons why the kind of
sound system affects service operations. The frequency response
of the tuner does not vary, it may be the same with either sound
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Video
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Fig. 4-3.—Frequency response of an r-f stage or a tuner.

system. A typical tuner response curve is shown by Fig. 4-3.
Usually there are two peaks which are more or less pronounced.
The video carrier frequency is at or near the peak of lower frequency„ while the sound carrier frequency is at or near the peak
of higher frequency. This latter peak sometimes is higher than
the video-carrier peak, giving more amplitude on sound than on
the video carrier. This higher sound peak may be found in receivers which do not use intercarrier sound.
When the sound system operates at the sound intermediate
frequency, not at the intercarrier beat, response curves for the
i
-f amplifiers following the mixer are about as shown in Fig. 4-4.
In stages before the sound takeoff, which carry both video intermediate and sound intermediate frequencies, the response of all
such stages combined will be somewhat as shown at the left.
There will be enough gain at the sound intermediate to carry the
sound signals through these stages in fair strength.
The video intermediate frequency always is about half way
down on the high-frequency side of the response. This provides
a uniform output for all the frequencies which are transmitted
in double strength with vestigial sideband transmission. We shall
consider this feature at length in connection with video i
-f amplifiers, but just now we are chiefly concerned with sound frequencies.
Before
Sound Take off

this range

Fig. 4-4.—Video i.
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responses where the sound system operates at the seined
intermediate frequency.
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In all video i
-f stages following the point of sound takeoff the
response at the sound intermediate frequency is made as low as
possible, as shown at the right in Fig. 4-4. This is because it is
highly undesirable to have sound signals reach the picture tube.
The reduction of sound i
-f response is accomplished by careful
tuning of these video i
-f stages and by the use of wave traps which
attenuate or absorb the sound intermediate frequency.
When the receiver uses an intercarrier sound system the overall response of the entire video-sound i
-f amplifier, from mixer
to video detector, must be about as shown in Fig. 4-5. Now the
position of the sound intermediate frequency on the response
curve is critical. The gain at this point must be from 90% to
97 1
/ % "down" from the peak gain. In many receivers this gain
2
must be down at least 95%. This is a voltage attenuation of between 26 and about 32 decibels.
Sound IF

Sound
IF
Video
IF
Fig. 4-5 —Video i
-f response whew
intercarrier sound is used.

Fig. 4-6.—Response curve of o
sound i
-f amplifier.

If the sound intermediate frequency is brought too high on
the response curve the gain will be so great that sound signals
will be forced on through the video amplifier and into the picture
tube grid-cathode circuit. If the sound intermediate is too low on
the response curve the gain will be too small for good sound
reproduction from the loud speaker.
Now look at Fig. 4-6. This is a fairly typical response curve
for the i
-f amplifier in asound system, the amplifier which follows
the sound takeoff and precedes the sound demodulator. This
amplifier is peaked at the sound intermediate frequency. The
response is about 50% or 6 db down at frequencies only 0.15 to
0.20 mc either side of the peak. We have a useful response over
a range only about 0.30 mc wide.
In every receiver the actual intermediate frequencies are de.
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termined by the frequency of the r-f oscillator, since this frequency beats with the carrier frequencies to produce both intermediates. If the oscillator is tuned 1.0 mc too high it will raise
both the video and the sound intermediate frequencies by 1.0 mc,
and if the oscillator is 1.0 mc too low it will drop both intermediates by 1.0 mc. The amplifiers still will be tuned to the
original intermediate frequencies, but the actual frequencies fed
to the amplifiers will be too high or too low.
If the sound system is designed to operate at the normal sound
intermediate frequency, and the oscillator frequency varies by
as much as 1.0 mc, the actual frequency reaching the sound i
-f
amplifier will be completely outside the effective range of that
amplifier, as is evident from Fig. 4-6. There will be no reproduction of sound, although there still will be a picture of some sort.
Actually, the frequency of the r-f oscillator must be correct within
less than 0.10 to 0.15 mc in order to have reproduction of sound
signals.
Consider now what happens when there is an intercarrier sound
system. No matter how far from correct the r-f oscillator frequency may be, it affects both the video and the sound intermediate frequencies equally. They always must remain separated by
4.5 mc, for that is the separation of the original carriers. Then
there always will be a 4.5 mc beat frequency produced at the
video detector, and this will be fed to the sound i
-f amplifier.
Do not conclude that tuning or alignment of the r-f oscillator
is not critical when we have intercarrier sound. Misalignment
shifts the sound and video intermediate frequencies on the response curves of amplifiers between mixer and detector and
causes much trouble. One of the really important conclusions is
this: With a sound system operating at the regular sound intermediate frequency it is easy to align the r-f oscillator by connecting an electronic voltmeter or an oscilloscope to the output
of the sound demodulator. The output will be as sharp as indicated in Fig. 4-6 when oscillator frequency is exactly correct,
and will fall off rapidly with very slight misalignment of the
oscillator. With intercarrier sound we cannot align the r-f oscillator by working through the sound system. No matter how far
out of alignment the oscillator may be, we still have a4.5 mc beat
to which the sound i
-f amplifier is tuned.
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Sound Takeoffs.—The same general types of sound takeoffs
may be found with either the intercarrier sound system or with
systems operating at the sound intermediate frequency. It is
Sound
IF

1
—

e>
To
Picture

IF

Mixer
or IF
Fig. 4-7.—Tuned sound takeoff front
an intorstoge tuning cog.

Tube
Video
Amplifier
Fig. 4-8.—Takeoff commonly used
for intercorrier sound.

necessary only to couple into some point at which there exists
the sound intermediate frequency or else the 4.5 intercarrier beat,
and carry this sound-modulated frequency to the first amplifier
in the sound system. Takeoffs usually are tuned to the sound
intermediate frequency or to the intercarrier beat frequency, as
the case may be.
The sound modulation of the intermediate frequency covers
only a relatively narrow band, as has been pointed out. Consequently a tuned takeoff circuit may be sharply tuned to the required frequency rather than broadly tuned to a wide band as
for video amplification. The sharp tuning allows using high-Q
circuits in which there is a high rate of energy transfer.
One style of tuned takeoff is shown by Fig. 4-7. The left-hand
coil of the pair tunes the coupling between the mixer or first i
-f
amplifier and the second amplifier. The coupled takeoff coil is
tuned to the sound intermediate frequency, which it transfers
to the control grid of the first sound i
-f amplifier.
A tuned takeoff quite often found with intercarrier sound
systems is shown by Fig. 4-8. Here we have transformer coupling
with both windings adjustably tuned to 4.5 mc for the intercarrier
beat. The primary winding is in series with the lead from the
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video amplifier plate to the picture tube grid-cathode circuit. The
secondary is connected between control grid and cathode of the
sound i
-f amplifier. Ordinarily there is only one such amplifier
in intercarrier sound systems.
A double tuned takeoff transformer of the kind shown in Fig.
4-8 may be in the screen circuit of the video amplifier. Then the
transformer primary is between the screen grid of the tube and
the B± supply. The secondary winding is connected to the control
grid-cathode circuit of the sound i
-f amplifier.
With the arrangement of Fig. 4-9 the takeoff lead is connected
to the plate of the mixer, any of the i
-f amplifiers, or the video
amplifier. At Cc is acoupling and blocking capacitor, which sometimes is adjustable. The impedance coupler Lg, on the control
grid of the sound i
-f amplifier, is slug tuned to the sound intermediate frequency or to the intercarrier beat frequency as required. There may or may not be a capacitor across Lg.
Still another takeoff coupling of the tuned type is shown by Fig.
4-10. Inductor Lg is slug tuned to whatever sound intermediate
frequency may be used. Voltages at this frequency then are secured from untuned inductor Lt which is inductively coupled to
the coupling transformer between the i
-f amplifier which carries
both sound and video, and the following video i
-f amplifier.
Untuned sound takeoffs usually are connected to the plate of
the mixer or any i
-f amplifier through a small capacitor, as in
Sound
IF

Sound
IF

Lg

Mixer or
Any
Amplifier

I

Fig. 4-9.—A capacitor-coupled mead
takeoff.

I-F
Amp.

Video
I-FAmp.

Fig. 4-10.—An inductively coupled
sound takeoff.
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Fig. 4-9, but there is no tuned impedance or other type of tuned
coupling in the circuit. Then the sound intermediate frequency
which affects the sound i
-f amplifier is determined by tuning in
the couplings which follow this amplifier, the couplings between
it and the sound demodulator.
Sound Discriminator.—Except for its higher operating frequency, the sound discriminator used in atelevision sound system
is no different from the discriminator used in an f-m sound reLost

Sound
IF

Transformer

I
A-F

Output

Fig. 4-IL—Typical circuit of Fostor-Sosioy discriminator for f-m sound.

ceiver, with which we are familiar. A typical discriminator circuit

is shown by Fig. 4-11, where the transformer is within the broken
lines. Alignment of television discriminators nearly always is by
means of movable slugs rather than with trimmer capacitors.
Audio output is taken from the ungrounded ends of load capacitor
Ca and load resistors Ra and Rb. There are numerous modifications of the basic discriminator circuit, especially in couplings
and points for grounding, but these modifications do not affect
the operation nor the methods of alignment.
Ratio Detector.—A more recent development in the line of f-m
or television sound demodulators is the ratio detector. A typical
circuit for such a detector is shown by Fig. 4-12. Note that the
transformer secondary is connected to one cathode (pin 5) and
to one plate (pin 7) of the twin diode, whereas with the discriminator type of demodulator the secondary is connected to both
plates of the twin diode.
The Admiral Corporation, who use ratio detectors in some
models, gives the following explanation of the action, which is
reproduced here by permission. The d-c blocking capacitor C8
couples the audio output of the ratio detector to the volume con-

80

APPLIED PRACTICAL RADIO-TELEVISION

trol (not shown). This network serves as the output load for the
ratio detector, and is connected between point Z and ground.
Capacitor C6 is the i
-f bypass for this load.
The ratio detector transformer develops equal voltages at
diode pins 5 and 7, with respect to point Z, when the sound i
-f
input signal is exactly 4.5 mc for intercarrier sound or exactly at
the sound intermediate frequency for other sound systems. The
conduction path for the lower diode, during one-half the sound i
-f
input cycle, is from cathode pin 5 to plate pin 2, through R6 to
ground, through the load circuit to point Z, through R4, through
the transformer from terminal a to terminal b and back to the
cathode. Since conduction is from ground to point Z, this conduction current will tend to cause point Z to become positive.
Tracing the conduction path for the upper diode, conduction is
from cathode pin 1to plate pin 7, through the transformer from
terminal c to terminal a, through R4, through the load circuit
from point Z to ground, through R5 and back to the cathode. Since
this conduction is from point Z to ground, the conduction current
will tend to make point Z negative.
The voltages applied to the two diode sections are equal. Their
conduction currents flow through the load, between point Z and
ground, in opposite directions. Consequently, the conduction currents cancel and point Z will assume ground potential.
If the sound i
-f signal swings to ahigher frequency, above 4.5
mc or the sound intermediate, the sound i
-f voltage at diode pin
5 will increase, while the voltage at pin 7 will decrease. This is
due to change of voltage phase relations with change of frequency,
just as in a discriminator transformer. Conduction current of
the lower diode now will be greater than that of the upper section, and will cause point 2 to swing positive. Conversely, if the
sound i
-f voltage swings lower in frequency, the sound i
-f voltage
at diode pin 7will increase while the voltage at pin 5will decrease.
Point Z now will swing negative.
Successive increases and decreases in sound intermediate signal
frequency cause point Z to swing alternately positive and negative. Frequency modulation of the sound i
-f signal thus is converted into audio frequencies.
With the preceding description of f-m detection, our next concern is the method of obtaining limiter action, and a-m noise re-
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4-12.—Typical circuit of a ratio detector for f-m sound.

jection, in a ratio detector. The sound i
-f signal voltage appears
across C4 in the tuned secondary of the ratio detector transformer.
A conduction current will flow during positive half-cycles from
cathode pin 5 to plate pin 2 of the lower diode, thence through
R6 and R5, from cathode pin 1 to plate pin 7 of the upper diode,
and back to the other side of capacitor C4. This conduction current represents the normal load on the transformer, and is determined by average sound i
-f signal strength.
The voltage developed across R5 and R6 due to diode conduction current (as described in the preceding paragraph) is filtered
by capacitor C5 and maintained at a value proportional to average sound i
-f signal strength. The voltage across C5, plus the
voltages across the two diodes, is equal to the voltage across
capacitor C4 during the time that diode conduction is taking place.
If an amplitude noise pulse causes amomentary increase in the
sound i
-f signal voltage across C4, this added voltage must appear
across the diodes. This is because the voltage across C5 is unable
to follow such rapid variations. The capacitance of C5 here is 4
mfd. The time constant of R5, R6, and C5 is 0.08 second. An increased conduction current flows and results in an increased load
on the transformer. This increase in loading tends to reduce the
sound i
-f signal voltage to its average value.
Similarly, a momentary reduction in sound i
-f signal voltage
results in reduced voltages across the diodes, reduced conduction
current, reduced loading, and tendency for the sound i
-f signal
voltage to come up to its average value. This amplitude limiting
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action of aratio detector may be summarized as follows: Variations of sound i
-f signal amplitude are removed by connecting
the large capacitance of C5 across the tuned secondary of the
transformer through the diodes.
A change in average signal amplitude, such as might take place
when switching from one station to another, will cause the charge
on C5 to assume a value proportional to the new average signal
amplitude. The signal across C. now will be limited to a new
average amplitude, and the audio output level from the ratio
detector will change accordingly. The audio output of the ratio
detector is greater for strong signal inputs than for weaker signal
inputs. A-m noise rejection is, however, obtained at all levels
because the ratio detector automatically adjusts itself to the average signal amplitude, and then rejects amplitude noise pulse variations. This concludes the extract from Admiral service literature.
There are a great many variations in circuit connections for
ratio detectors, but all such detectors operate essentially as just
described. The audio output always is connected more or less
directly to the center tap on the transformer secondary. There
always is a large capacitance connected between the two diodes
on their output side. The primary and secondary windings of the
transformer are tuned or aligned to the same frequency, which is
the center frequency of the f-m input signal.
The ability of the ratio detector circuit to subdue amplitudemodulated noise pulses makes it unnecessary to use alimiter tube
ahead of this detector. The discriminator does not in itself completely eliminate amplitude modulation, 2nd the i
-f amplifier
ahead of it is operated as a limiter. Either type of demodulator
might be used with intercarrier sound systems or with systems
operating at the sound intermediate frequency. Actually, intercarrier sound systems nearly always are used with ratio detectors
rather than discriminators. The ratio detector is found also with
the other types of sound systems.

Chapter 5
VIDEO

AMPLIFIERS

Between the output of the mixer and the input to the video
detector are a number of intermediate-frequency amplifying
stages. All these stages carry and amplify the video intermediate
frequency, hence all of them may be called video i
-f amplifying
stages. But, as we have noted before, any of these stages which
precede the sound takeoff carry the sound intermediate frequency
as well as the video intermediate frequency. Any stages between
a sound takeoff and the video detector are designed to amplify
only the video intermediate frequency.
To distinguish these two functions from each other, the stages
and tubes carrying both intermediate frequencies may be called
wide-band i
-f amplifiers, input amplifiers, composite i
-f amplifiers, or video-sound i
-f amplifiers. We shall use the last of these
names. Stages and tubes which carry only the video intermediate
frequency are called video i
-f amplifiers.
Considerable amplification must be applied to the video signal.

Fig. 5-1.—first and second video-sound i
-f amplifiers using rimed impedance
couplings. (Sentinel)
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Because of the very broad frequency response in the tuner there
can be but little gain in that section. Most of the gain is secured in
the video and video-sound amplifying stages, of which there may
be three or more in the television receiver.
Two video-sound i
-f stages are shown in the diagram of Fig.
5-1. Interstage couplings are of the tuned impedance type, as in
the majority of television receivers. The tuned coupling coils are
in the plate circuits, with capacitor coupling to the control grids
of following tubes. Tuning capacitances are provided by tube
capacitances and distributed capacitances in the circuits. The
first coupling coil, at the extreme left, is in the plate circuit of
the mixer. The mixer tube is not included in this diagram. Similar
coils are in the plate circuits of both tubes shown in the diagram.
Fig. 5-2 shows the third video-sound i
-f amplifier and the video
detector. Here the load in the amplifier plate circuit consists of
te. IF. arantritit

100 We

VIDEO OET ECTOR

5-2.—Third video-sound i.f amplifier and input to video detector. (Sentinel)

an untuned choke, with capacitor coupling to the cathode of the
diode detector. Between detector cathode and ground is the tuned
impedance coupling coil for this stage. In other receivers using
tuned impedance couplings for the i
-f stages the coupling coils
may be in the grid circuits, capacitor coupled from the preceding
plate circuit loads which consist of resistors or of resistors and
untuned chokes.
Fig. 5-3 shows tuned transformer interstage couplings in a
video i
-f amplifier. These transformers are not overcoupled to
provide a double peaked broad band response, as is general practice with i
-f transformers for sound receivers. Rather the transformers are undercoupled so that they may be peaked quite
sharply around a single frequency.
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Connected across the primaries of the coupling transformers
are fixed resistors. Such resistors are required wherever the
construction and electrical proportions of the coils would, in
themselves, produce a high-Q circuit with a resonance curve
peaked too sharply for the needed band pass. Similar resistors
sometimes are found in control grid circuits. These resistors
broaden the frequency response and, of course, reduce the gain.
roro

1ST
oI
, AM.

NO V.0E0
or AgEP

Fig. 5-3.—Tuned transformer couplings in a video i
-f amplifier. (Motorcars)

Still another band broadening method consists of using unbypassed cathode-to-ground resistors. Omitting the bypass capacitor allows some degeneration, reduces gain at the tuned
frequency, but also makes the response more uniform over a
limited range of frequencies.
Receiver Attenuation.—You will recall that, during our examination of frequency distribution in atelevision channel, we found
— — — 100%

_ _ _ 50%

Relotive
Gain

Video
IF
--- 0%
Fig. 5-4 —High-frequency end

of

a typical video i
-f response curve.
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the frequencies in the range from 3/4 mc below to 3/4 mc above
the video carrier being transmitted in both the lower vestigial
sideband and the complete upper sideband. That is, all frequencies
within this range are transmitted in double strength. Correction
is made by attenuation in the video i
-f amplifier of the receiver by
suitable shaping of the overall video i
-f response.
You will find the normal overall frequency response of every
video i
-f amplifier is approximately as shown by Fig. 5-4, so far
as the high-frequency end of the curve is concerned. The video
intermediate frequency is, in theory, supposed to be half way
down, 50% down, or 6 db down on the high-frequency slope of
the curve. This curve is the combined response of all stages
carrying video intermediate frequency, all the stages between
mixer output and video detector input. It is not the response of
any single stage.
The reason we require this kind of overall response is shown
by Fig. 5-5. At the top is represented the strength of the transmitted signal with respect to frequencies at and near the video
carrier frequency. Down below is represented an ideal overall
response for the video i
-f amplifier in the receiver. There is a
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Hu. 54.-How double transmission of some frequencies is compensated for
in the video i
-f amplifier.

VIDEO I-F AMPLIFIERS

87

uniform downward slope from 100% gain or amplification at
3/4 mc below the video intermediate frequency to zero at 3/4 mc
higher than this frequency. Such an ideal curve cannot be obtained in any ordinary receiver, but it can be approximated.
Consider what happens to a frequency at a in the upper sideband of transmission. This frequency receives 75 % amplification
in the video i
-f amplifier. The frequency at b, in the vestigial
sideband, is the same as the frequency at ain the upper sideband.
The amplification for bis only 25 %. Then the total amplification
for aplus b (the same frequency) is 75 % plus 25%, or is 100%.
Any other pair of like frequencies in the upper and lower sidebands receive such percentage amplifications as to add up to
100%, so all frequencies within the range of 3/4 mc above and
below the video carrier and video intermediate frequencies receive
a total of 100% amplification. When we get to the left-hand frequency cthere is 100% amplification. But the like frequency at
con the right gets zero amplification, so again the total is 100%.
All frequencies to the left of c receive 100 % amplification, but
all these are singly transmitted.
Intermediate Frequencies in Use.—Video intermediate frequencies in the majority of television receivers are between 25.75 and
26.75 mc. Sound intermediate frequencies always must be 4.5 mc
lower than video intermediates, so are in the range between 21.25
and 22.25 mc. There may be different intermediate frequencies in
different models of receivers made by the same manufacturer.
Some of the frequencies in more or less general use are listed in
the accompanying table.
TELEVISION INTERMEDIATE FREQUENCIES, MC

Video
25.75
25.8
26.1
26.2
26.25

Sound
21.25
21.3
21.6
21.7
21.75

Video
26.4
26.5
26.6
26.75

Sound
21.9
22.0
22.1
22.25

Tuning of I-f Stages.—When an interstage coupling consists of
a single tuned coil in either the plate circuit of the first tube or
the grid circuit of the second tube, the frequency response of this
stage will show a single peak. When there are separate tuned
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coils in the plate and grid circuits, with capacitor coupling from
plate to grid, there may be a single-peaked frequency response or
a double-peaked response. Two peaks may be secured by tuning
the coils to different frequencies, or else by tuning to the same
frequency and using tight coupling. With transformer coupling
which is purely inductive the degree of coupling determines
whether the response will show one or two peaks. All the i
-f
interstage couplings in one receiver may be single-peaked, all
may be double-peaked, or there may be some of each kind.
To obtain an overall response shaped as required for the video
i
-f amplifier the successive stages are peaked at different frequencies. This is referred to as stagger tuning. For a simple
1st
I-F

Mixer

f2

2nd.
I-F

f,

3rd
I-F

f2

Detector

A
Frg. 5-6.—Four interstage couplings tuned alternately to two different frequencies.

illustration of the principle we may consider the i
-f amplifier of
Fig. 5-6. Here there are four single-peaked tuned couplings
between the five tubes, from the mixer output to the vide() detector input. The four couplings always are tuned to frequencies in
or close to the video i
-f pass band of the receiver. Tuning often is
to four different frequencies. Just as often there are only two
frequencies, with two couplers tuned to one of these frequencies
and the remaining two couplers tuned to the other frequency.
For our illustration we shall use only two frequencies, designated as fl and f2. Couplers A and C will be tuned to frequency
f1, while couplers B and D are tuned to frequency f2. Adjacent
couplers are not tuned to the same frequency, because with the
same frequency on both plate and grid of the same tube there
might be enough feedback to cause oscillation rather than amplification. We shall assume that the circuits are so designed that the
shape of the response curve is the same for either frequency and
in all stages.
At the top of Fig. 5-7 are shown the separate but similar
responses or gains with coupling A tuned to frequency fl and
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with coupling B tuned to frequency f2. When the output from A
is put through the first i
-f amplifier the amplitudes at the various
side frequencies are subjected to the response or gain of coupler
B and the second i
-f amplifier. Then the combined response of the
f2

f1
i

Ai- B
_—

A+B -I
-C

—I

1
Video IF

A+ Bi-C-t-D

—

— —

—

—

—

—

—

—

—

— —

—

—

— — —

— —

Fig. 5-7.—How two frequency responses combine in successive stages te
produce an acceptable overall video i
-f response.

two couplers, or the response from the mixer through to the plate
of the second i
-f amplifier, will be as shown by the curve marked
A -1- B. Of course, the amplitude or voltage after two tubes in

90

APPLIED PRACTICAL RADIO-TELEVISION

cascade should be much greater than from either one alone, but
all response curves are reduced to the same height for easy
comparison.
Now the output from the first two couplers, as represented by
the curve A -I- B, is acted upon by the frequency response of
coupler C. This coupler is tuned to frequency f1 and the shape of
the response is the same as for coupler A shown up above. The
result, and the frequency response as far as the grid or plate
of the third i
-f amplifier, is as shown by the curve marked
A ± B ± C. So far we have done afair job on the left-hand end
of the response, the right-hand end is far down.
Final correction is made by subjecting the output of the third
i
-f amplifier, which follows curve A ± B + C, to the frequency
response of coupler D. This coupler is tuned to frequency f2 and
its gain is like that shírwn at the top of the graph. The peak at
frequency f2 brings up the right-hand end of the curve, while
the small gain in this coupler at and near frequency fl has little
effect on the left-hand end. The final result or the overall response
is shown by the curve marked A-FBI-C-1-D at the bottom
of the graph.
By correct choice of tuned frequencies and of shapes of the
original curves, the video intermediate frequency may be placed
about half way down the right-hand slope of the overall response.
Where the sound intermediate frequency should appear will
depend on the type of sound system employed in the receiver or
on the point at which there is sound takeoff. The individual
response in any coupling may be altered as required by changing
the loading and the Q-factor. Less loading, and high-Q construction in general, makes the response curve come to asharper peak,
increases the gain, and reduces the frequency pass band for the
stage. More loading and a lower Q-factor have opposite effects.
When there are four i
-f amplifier tubes and five tuned couplings, it is common practice to tune all five to different frequencies. Nearly always the five tuned frequencies lie somewhere
within the limits of the sound and video intermediate frequencies.
Fig. 5-8 shows three of the many frequency combinations in use,
as they are related to the sound and intermediate frequencies of
the particular receiver. The numbers refer to positions of the
couplers having the various frequencies. Number 1 means the
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coupler between mixer and first video i
-f amplifier, number
means the coupler between first and second i
-f amplifiers, and
so on.
When there are five tuned couplings, the frequency for one
of them usually is somewhere near the center of the range. This
Sound
F

1

Tuned

Frequencies

O 0

O

Video
IF

1
Fig. 54.—Some frequencies used with five tuned couplings, as related to
the respective sound and video intermediate frequencies.

coupling, or its response, then eliminates most or all of the dip
which often appears between two peaks in the overall response
of other types.
Automatic Gain Control.—In television receivers the gain of
one or more of the video i
-f amplifiers, and often the gain of the
r-f amplifier as well, are automatically controlled by strength of
the received signal. Thus the input to the video detector is maintained at a nearly constant level during ordinary fluctuations of
strength in the received signal. The purpose of this automatic
gain control is to maintain correct brightness and contrast in
the picture without need for continual readjustment of the controls during reception. This purpose is analogous to that of the
automatic volume control in sound receivers, where the input to
the detector is maintained nearly constant without continual
resetting of the manual volume control.
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Most of the television age systems (automatic gain control
systems) employ the same basic circuit principles found with
automatic volume controls for sound. There is, however, a highly
important difference between the source of the voltages which
actuate automatic gain controls and those used for automatic
volume controls.
The avc control in a sound receiver is actuated by the average
amplitude of the rectified or demodulated audio signal. The
amplitude of this rectified voltage tends to increase on strong
incoming signals and to decrease on weak ones. The varying
amplitude produces a correspondingly varying charge on a capacitor. The capacitor charge, and voltage, vary the control grid
bias of i
-f and r-f amplifiers, making the bias more negative for
strong signals and less negative for weak ones.
In television we cannot utilize the average amplitude of the
rectified video signal for control of gain. The reason is that this
Sync Pulses
Max. positive
Block
Level

Average
Amplitude

-

Dark

Sync

1

Pictu re

Pu lses

Average
Amplitude

Light

Picture

Fig. 5-9.—Average amplitudes of dark and light picture signals when
restred to a-c form after detection.

average amplitude varies not only with strength of the received
signal, but also with every variation of light and dark shading
in the picture. A picture in which the objects or the background
are largely dark in tone produces a signal as shown at the upper
left in Fig. 5-9, with picture modulation remaining close to the
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black level. When this signal passes through coupling capacitoza
it becomes an a-c voltage of rather small average amplitude, aâ
shown at the upper right.
If objects or background in the televised picture are of suen
tones as to make the overall effect largely light, much ot the
picture modulation will remain near the white level, as in the
diagram at the lower left. When this signal becomes an alternating voltage it has an average amplitude far greater than with
the dark toned picture. This greater amplitude is shown at the
right.
There is one characteristic of the signals which does not change
with variations in light and shade. This is the voltage represented by the sync pulse peaks. These sync pulse peaks remain
of constant strength unless there actually is fading or some other
change in true strength of the received signal, as in the case of
changing from one station to another. It is such variations of
sync pulse voltage which are used for automatic gain control.
Fig. 5-10 represents acarrier signal or i
-f signal before demodulation or rectification. Here it is plainly apparent that, so long as

Sync —

Zero

Dark

Picture

Light

Picture

Fig. 5-10.—Voltages at the tips of the sync pulses are not altered by t.
tone or shading of the picture.

the strength or maximum amplitude of the received signal remains constant, the peak voltage at the tips of the sync pulses
remains constant and with the same potential difference between
it and the zero value of the a-c wave. If the entire received signal
changes in strength the potential difference between zero and
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sync peles will change one way or the other, and the entire wave
will shrink or expand proportionately. But variations in picture
tone with signal strength unchanged have no effect on peak
voltage of the sync pulses.
Fig. 11 shows a fairly common type of age system employing
peak voltage of the sync pulses. The age tube is the left-hand
section of a twin diode, whose other section is utilized as the
video detector. This detector is included only because it is general
practice to combine video detection and gain control elements
within a single envelope.
The modulated output of the last i
-f amplifier is connected to
the plate of the age diode through capacitor Ca. The signal envelope of one polarity passes freely through the diode and ground at
A.G.C.
Section

Detector
Output
Video
Amplifier

Last
I—F Amp.

Contrast
Control

AGC
To Grids

Rf

Cf

Bi-

5-11.—Oee type of automatic gain control employing the peak voltage
of the sync pulses.

the cathode connection. The other side of the signal, or the
opposite polarity, charges capacitor Ca. The charges of this
polarity cannot escape through the diode, but can leak off the
capacitor only through resistor Ra. The time constant of capacitor Ca and resistor Ra is so long that hardly any of the capacitor
charge can leak off between recurring sync pulses. As a result,
the voltage on capacitor Ca builds up to practically equal the peak
voltage of the sync pulses. This peak voltage, which is also across
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resistor Ra, is applied through the usual filter resistor and capacitor (Rf and Cf) to the age bus leading to the control grids of
whatever tubes are subject to automatic gain control.
Note that it is the long time constant of Ca and Ra that forces
this system to operate on peak voltage of the sync pulse rather
than on the average amplitude of the signal.
You are familiar with the fact that sound receivers often
include delayed aye to prevent limiting action on weak signals.
Delayed age is used in television receivers for the same reason.
To provide delayed age with the circuit of Fig. 5-11 it is necessary only to apply a positive biasing potential to the cathode of
the age diode. .This may be done by connecting the cathode as
shown by the broken line rather than to ground.
The line coming from the B+ supply contains so much resistance that the remaining potential at point a, connected to the
age cathode, is only two or three volts positive with reference to
ground. Whatever the potential at this point and the cathode,
there will be no age action until voltage built up from the sync
pulses becomes greater than this delay potential. By connecting
the B + lead to ground through the contrast control on the video
amplifier, adjustment of this control in the direction to provide
greater gain in the amplifier tube also increases the delay voltage
and permits full gain in the video i
-f amplifier tubes and tuner
r-f amplifier which are in the age system.
There are other age systems employing, in addition to the rectifier, an amplifier and sometimes additional diodes for strengthening and controlling the age bias voltage. Adjustable sensitivity
controls may permit regulation of the average age voltage to
best suit local reception conditions.
During alignment of video i
-f stages it may be necessary to
make the age system inoperative and to apply in its place a fixed
negative bias. This applies also to the alignment of the r-f amplifier when it is under automatic gain control. The only case in
which this procedure is not called for is when the input from the
signal generator and the amplification of stages following this
input will surely not produce signal voltages causing the age
system to act. If the age voltage does vary the bias of control
grids, the response curves will be flattened so much as to make it
difficult or impossible to align to the actual peak frequencies.
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With most systems the age action may be prevented by connecting a 3-volt dry battery between the age bus and chassis
ground, with the negative terminal to the chassis. If this fixed bias
is to be adjustable a 5,000 ohm or 10,000 ohm potentiometer may
be connected with its outer ends across a41
2 -volt C-battery. Then
/
the positive terminal of the battery is connected to chassis ground
and the slider of the potentiometer to the age bus. The bias voltage may be adjusted to a desired value with a high-resistance
voltmeter connected between the age bas and chassis ground.
Interference Trape.—When a receiver is tuned for a certain
channel the limits of that channel are not far from carrier frequencies in adjacent channels. Fig. 5-12 shows the situation when
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5-12.—Sound and video carrier frequencies in a received channel
and channels adjacent.

tuned for channel 8. The sound carrier of adjacent channel '1
is only 11
2
/
mc below the video carrier in the tuned channel. The
video carrier of adjacent channel 9is only 11
2 me above the sound
/
carrier in the tuned channel.
There are similar relations between tuned and adjacent carriers whenever the frequency limit of one channel is at the limit
of an adjacent channel. Transmitters in the same locality do not
operate in channels which are thus adjacent, but it is possible
for adistant transmitter in an adjacent channel to cause more or
less interference even though its signals are not received well
enough to reproduce pictures and sound.
In Fig. 5-13 the full-line curve may represent the broad frequency response of a video i
-f amplifier. This diagram shows
also the relations of video and sound carriers in adjacent channels to video and sound carriers in the tuned channel. All these
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frequencies now are intermediate frequencies, since they appear
in the i
-f amplifier. If the response is as broad as shown it may be
necessary to greatly attenuate this response at the video and
sound intermediate frequencies arising from carriers in adjacent channels. The response then must be shaped about as
indicated by the broken line curves at opposite ends.
Sound
IF
(Accompadying
Sound)

Video
IF

Adjacent
Sound

Adjacent
Video
I

I

I
14

41
2 MC
/

MC

6mc
6 mc

>I

i

F. 5-I3.—Adjacent sound and video frequencies as related to the video
i
-f response of a receiver.

The interfering frequency resulting from the video carrier in
an adjacent channel is called the adjacent video frequency, and
the one resulting from the sound carrier in an adjacent channel
is called the adjacent sound frequency. Unless the receiver has an
intercarrier sound system it is necessary also to attenuate in all
stages following the sound takeoff the sound intermediate frequency of the tuned channel. This sound intermediate in the same
channel with the received video signal is called the accompanying
sound frequency or the associated sound frequency.
Looking back at Fig. 5-12, you will see that the adjacent sound
frequency close to the received video frequency is in the lower
channel, while the adjacent video frequency close to the tuned
sound frequency is in the higher channel. Frequency relations are
reversed by action of the r-f oscillator, as pointed out in earlier
pages. Consequently, although the adjacent video in Fig. 5-13 is
at afrequency lower than the accompanying sound, this adjacent
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video frequency comes from a higher channel. Although the
adjacent sound of Fig. 5-13 is higher in frequency than the
received video, this adjacent sound comes from a lower channel.
Interfering frequencies are attenuated by wave traps of many
types, all serving the same general purpose of removing the
unwanted frequencies before they reach the video detector. A
few of the trap circuits which are in general use are shown by
Fig. 5-14. At A the coil of the trap circuit is inductively coupled
to the stage tuning coil between the two video i
-f amplifiers. The
stage tuning coil is aligned for the peaked frequency used for
coupling, while the trap is tuned to the interference frequency to
be attenuated at this point. The trap is tuned quite sharply to
the interference frequency. It absorbs energy at this frequency
from the stage tuning coil, and the energy is dissipated in
resistance of the trap circuit. Were the stage tuning coil in the
control grid circuit the trap would be similarly coupled to that
coil.

Trap

P9

--

Trop

e
Fig. 5-14.—Waye trap circuits used for adjacent sound and video, and for
accompanying sound frequencies.
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At B the trap consists of a parallel resonant circuit coupled to
the grid side of the interstage coupling through asmall capacitor.
At the interference frequency to which the trap is sharply tuned,
strong circulating currents flow between trap inductance and
capacitance. Energy is absorbed from the interstage coupling at
this frequency and is dissipated in trap circuit resistance and to
ground if there is a ground connection as shown.
Diagram C shows a parallel resonant trap circuit connected in
series between the plate of the first tube and the control grid of
the following tube in the amplifier. At the interference frequency
to which the trap is sharply tuned it provides maximum impedance, but at frequencies both higher and lower the trap
impedance is small. At D there is a series resonant trap connected to the same point in the interstage coupling as the parallel
resonant trap of diagram C. The lower end of the series resonant
trap is grounded. At its tuned interference frequency this latter
trap has minimum impedance and bypasses the unwanted frequency to ground. At higher and lower frequencies the trap
impedance is high to prevent draining off these frequencies.
In diagram E aparallel resonant trap is inductively coupled to
a coil between cathode and ground from the amplifier tube.
Because both the plate circuit and the control grid circuit of a
tube pass through its cathode-to-ground path, this trap absorbs
its tuned interference frequency from both the plate side and
grid side of the tube. The trap circuit may or may not be
grounded, and it may be tuned either with a slug in the coil or
with an adjustable capacitor.
Diagram F shows a parallel resonant trap in series with the
cathode-to-ground path of an amplifier tube. Any parallel resonant trap has maximum impedance at its tuned frequency. Consequently, tube currents at this trap frequency are strongly
impeded, while currents at higher and lower frequenoies have
relatively free flow through the inductance or capacitance of the
trap.
Trap circuits such as illustrated, and modifications of them,
may be found anywhere between mixer and video detector, and
sometimes in the cathode circuit of the detector. Ordinarily there
will be no more than one trap on any one coupling circuit, but
there may be traps on any or all the coupling circuits. Usually

100

APPLIED PRACTICAL RADIO-TELEVISION

there will be no more than one trap tuned for adjacent sound,
and no more than one for adjacent video, or there may be no
traps tuned to these frequencies. When any traps are used there
will be at least one tuned to the accompanying sound frequency,
and often there are two or more tuned to this frequency.
There will be no traps for accompanying or associated sound
in a receiver employing the intercarrier sound system, because
the sound signal must be carried through the video detector.
Traps of the types mentioned are not required or provided
where the video i
-f response may cover arather narrow range of
frequencies and may be made more highly selective in itself due
to this narrower band. This is the case with receivers using direct
view picture tubes in sizes smaller than 10-inch diameter. As
explained earlier, the picture definition or detail in the smaller
tubes is ample with afrequency range around 3mc. In any case
where the characteristics of the video i
-f amplifier are such as to
provide steeper sides on the overall response than shown by
Fig. 5-13, traps may be unnecessary.
A sharply tuned sound takeoff coupled to any point along the
i
-f amplifier removes more or less energy at the accompanying
sound frequency, and acts somewhat in the manner of a trap for
this frequency. In no receiver will there be traps for the accompanying sound anywhere between the mixer and the sound takeoff, because the sound signal must reach the takeoff point. Any
traps for accompanying sound must be between the sound takeoff
and the video detector, or in the detector circuit.
Frequencies to which traps should be tuned for adjacent sound
or adjacent video are easily determined when knowing the video
intermediate, sound intermediate, or both these intermediate frequencies for the receiver. As may be seen in Fig. 5-13, the adjacent video frequency is 11/
2 mc lower than the accompanying
sound and 6 mc (one channel width) below the receiver video
intermediate. The adjacent sound frequency is 11/
2 mc higher
than the receiver video intermediate and 6 mc higher than the
receiver sound intermediate frequency.
When a receiver is tuned to certain channels there can be no
adjacent sound interference, and when tuned to certain other
channels there can be no adjacent video interference. This is
due to the fact that there are no immediately adjacent television
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transmission frequencies below and above some channels, as
shown by the frequency diagram of Fig. 5-15.
Adjacent sound interference must come from a channel immediately below the one to which the receiver is tuned. There
F-M
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Fia. 5-13.—Frequasny limits in the low bond and high band television clauwels.

fig. 5-16.—Efod of high-irsquoncy interference experleated la soma
television channels.
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are no television transmissions immediately below channels 2, 5
and 7. So when tuned to these channels there will be no adjacent
sound interference. There is no television transmission immediately above channels 1, 4, 6 and 13, and on these there will be
no adjacent video interference.
Immediately above channel 6 is the f-m sound broadcast band.
There are various kinds of short-wave or high-frequency radio
transmissions in between channels 1 and 2, between 4 and 5,
below channel 6, and above channel 7. There may be, and often
is, interference from these transmissions. The extent of interference depends on how close a transmitter may be, and on its
operating frequency. The result in a pattern on the picture tube
is much as shown by Fig. 5-16. Fine sloping or vertical lines
weave back and forth across the pattern or picture, varying
with modulation on the interfering signal.
If the interfering frequency can be determined, by measurement or cut and try methods, it may be reduced or eliminated by
a trap at the antenna circuit of the receiver. Several such traps
are shown by Fig. 5-17. At A the trap consists of aseries resonant
circuit connected between the antenna terminals of a receiver

®

From
R-F

@

Mixer

Trap

5-17.--latederenee traps used at antenna terminals and in the tumor.
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fed from a balanced 300-ohm transmission line. The trap shorts
out the interference frequency to which it is tuned. Another
trap connected to the antenna terminals used for a 300-ohm
balanced line is shown at B. From each terminal or each side of
the line there is a series resonant trap circuit to ground. Both
circuits are tuned to the interfering frequency, which they bypass
to ground through their low impedance at this particular
frequency.
With a 72-ohm unbalanced transmission line a trap may be
connected as in diagram C. The trap is aparallel resonant circuit
in series with the ungrounded side of the transmission line, which
is the central conductor of the cable. At the interfering frequency, to which the trap is tuned, there is maximum impedance
and reduction of signal strength. Sometimes, as at D, a series
resonant trap circuit is connected from the mixer control grid to
ground. The minimum impedance at the interference frequency,
to which the trap is tuned, bypasses this frequency to ground.
All antenna traps must be of high-Q construction to have a
resonance curve sharp enough to prevent cutting out too much
of the desired signals. It is difficult to design an efficient trap
which may be adjustably tuned anywhere within the overall
range of television channel frequencies, although some traps
will cover either the low band or else the high band. No antenna
trap of any kind should be needed for a receiver having circuits
tuned for each channel between the antenna input and the r-f
amplifier grid-cathode circuit.
Because of the high frequencies used for intermediates in
television there is no danger of image interference such as may
occur in the f-m sound broadcast receivers. Any interfering
image frequency would be equal to the sum of the r-f oscillator
frequency plus the intermediate frequency. The sum of these two
frequencies with the receiver tuned for any channel between 1
and 6will be above the highest carrier frequency in this low band
and below the lowest carrier frequency in the high band. Similarly, when tuned for channels 7 through 13, the sum of the
oscillator and intermediate frequencies is higher than the highest
carrier frequency in the band. Image frequencies for the low band
will, however, fall within the f-m broadcast band. Image interference from this latter source is reduced or eliminated by
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suitably tuned couplings between antenna and r-f amplifier, or
may be handled by some of the antenna traps if it occurs from
some one f-m channel.
Somewhat similar to image interference is a type of television
interference which originates from transmission in channel 7
when the receiver is tuned to channel 5, or which originates from
channel 10 when the receiver is tuned to channel 6. This intercarrier interference does not occur in any other pair of channels.
The explanation is as follows: Assume a receiver having a
video intermediate frequency of 26.10 mc, tuned to channel 5
wherein the video carrier is at 77.25 mc. Then the r-f oscillator
frequency must be the sum of these two, which is 103.35 mc. The
tuner of the receiver, when set for channel 5, must respond to all
the frequencies in this channel, which extend from 76 to 82 me.
If there is any other received signal which can beat with the r-f
oscillator frequency to produce a difference frequency between
76 and 82 me, the r-f amplifier may amplify this difference frequency. The sound carrier in channel 7 is at 179.75 mc. Subtracting the r-f oscillator frequency (103.35 mc) from this sound
carrier frequency gives a difference of 76.40 mc, which is just
within the range of frequencies handled by the r-f amplifier of
the receiver considered.
A similar example worked out for channels 6 and 10 will give
similar results so far as interference is concerned. If the video
intermediate frequency is higher than 26.5 mc the interference
frequency will come outside the theoretical r-f response by a
margin equal to the difference between the actual video intermediate frequency and 26.5 mc. This class of interference, when
it does occur, may be reduced or eliminated by an antenna trap
tuned to the interfering frequency.
Traps for Interearrier Beat.—The intercarrier beat frequency
of 4.5 me used as the carrier in the sound section of intercarrier
sound systems may be troublesome in receivers using other sound
systems. If this 4.5 me beat frequency reaches the picture tube it
will act with the horizontal scanning frequency of 15,750 cycles
per second to produce about 280 thin vertical lines on the picture
or pattern.
Since the intercarrier beat frequency originates in the video
detector. by combination of the video and sound intermediate fre-
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quencies, it may be removed or prevented only in circuits between
the detector and the picture tube. Traps tuned to 4.5 mc may be
used anywhere in these circuits. As shown by Fig. 5-18, a 4.5 mc
trap may be between the video detector and first video amplifier,
or between the first and second video amplifiers when two are
Trap

Positions

Picture
Tube

Video
Detector
Video Amplifiers

Ng. 5-18. —Traps used for the intercarrier boot frequeacy.

usea, or between the video amplifier and the picture tube input.
Usually a trap for intercarrier beat would be used at one or the
other of these positions, not all of them. All the traps are parallel
resonant types, sharply tuned to provide maximum impedance
at the troublesome frequency and minimum impedance at all
other frequencies.
The intercarrier beat frequency should not reach the picture
tube in receivers having intercarrier sound systems any more than
with other sound systems. Most of the takeoffs for intercarrier
sound provide effective trap action against passage of the beat
frequency beyond the takeoff point.
As mentioned several times before, receivers with picture tubes
of moderate diameter do not require video frequency response
extending much if any above 3 mc. If the response of the video
amplifier section drops to a very low value at frequencies lower
than 4.5 mc the intercarrier beat will not be amplified in this
section and will not reach the picture tube. When such receivers
use the sound intermediate frequency rather than intercarrier
beat for their sound i
-f amplifiers, the frequency response of the
video i
-f amplifier stages after the sound takeoff need not extend
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much beyond 3 mc. Then the sound intermediate frequency does
not reach the detector and cannot combine with the video intermediate to produce the 4.5 mc intercarrier beat.

Chapter 6
ALIGNMENT OF VIDEO I-F AMPLIFIER
Television service manuals usually give much attention to
alignment of the video i
-f amplifier, the sound section, and
the tuner. This attention is warranted, because the difference
between good and poor reception is the difference between
correct and incorrect alignment—provided everything else is in
good order. But you should not conclude that every case of
trouble will be cleared up by realignment, for the chances are
that the real fault is something easier to correct.
Alignment actually may be required when oscillator or amplifier tubes are replaced. It is required when parts of tuned circuits have been replaced, especially if replacement has been
with other than exact duplicates. Alignment is needed also when
parts or wiring in tuned circuits have been displaced or misplaced by poor servicing. Finally, it is quite possible that realignment may be needed after many months of operation, for there
is gradual change in characteristics of tubes and in some resistors
and other parts as they age.
Before undertaking realignment you should make every reasonable check to determine that the fault can be nowhere else.
Test patterns or pictures should be observed. You should look
at overall response curves and, if the kind of trouble points
that way, you should look at some waveforms in the sync and
sweep sections. Equipment needed for these observations will
be called for anyway during alignment, if alignment really is
required, and might as well be used first for preliminary tests.
The difficulty would not be removed by realignment if all
signals are weak, so examine the antenna and transmission
line. Tubes must be supplied with voltages at least fairly close
to those normal for the circuit, so it is well to measure potentials
at plates, screens, control grids, and cathodes. Only when no
other fault or faults are discovered during all these checks
should you consider alignment.
Alignment adjustments are made in any or all of the three
107
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Fig. 6.1.--Points at which alignment may be required.

major sections of Fig. 6-1; the tuner, the video i
-f amplifier,
and the sound section. In the video i
-f amplifier the two principal
divisions of the work are adjustment of any traps which may
be used, then of the tuned interst,age couplings. In the tuner
there always are adjustments for the r-f oscillator, also for
the r-f to mixer coupling and sometimes for the antenna to
r-f couplings on some or all channels. In the sound section
there are adjustments in the demodulator or detector transformer, in the i
-f amplifier, and maybe in the takeoff.
In our discussion of alignment methods we shall take up
first the video i
-f amplifier, then the sound section, and finally
the tuner. This is not necessarily the order in which you would
handle these sections should all of them need attention. If preliminary observations and tests lead to the conclusion that a
particular section is in trouble, that is the section to work on
first. If the picture is good and the sound poor you would
commence with the sound section, although misalignment of
the r-f oscillator might bring about this condition. With a poor
picture and good sound it would be in order to begin with a check
of the video i
-f amplifier. With both picture and sound classed as
poor, the tuner would be the first point of attack.
Alignment Practices.—There are a few things which apply in
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ageneral way to all alignment jobs These we shall consider now.
First is the matter of making connections between signal generators and tubes in the receiver. When working in the video i
-f
and sound sections it nearly always is necessary to couple the
signal generator or generators to the control grid of atube somewhere ahead of the parts to be adjusted. It is not always easy to
reach the control grid pin on a socket without disturbing other
connections or taking a chance of short circuits on other pins
or connections. There are various ways of overcoming such
difficulties.
Some technicians remove the tube from its socket, wind a
couple of turns of fine wire around the grid pin and replace the
tube with precautions that the added wire does not touch chassis
metal. Insulated wire may be used, with the end bared, or small
spaghetti may be slipped over a bare wire. The generator then
is coupled to the exposed end of the wire. Often it is recommended that a small wire be soldered to the grid pin. With
miniature tubes there is much danger that the soldering heat
and expansion of the pin will crack the glass envelope, especially
when the lead wire is placed high enough on the wire to allow
replacement in the socket openings.
Often there will be some small opening in the chassis through
which you can insert an insulated wire with its end bared and
hooked to catch over a grid lead. Retaining in the shop a set of
tubes of types commonly used, with permanent connections
soldered to their grid leads, is not always satisfactory because
the internal capacitances of these tubes may be enough different
from capacitances of the receiver tubes to upset the tuning.
With still another method a close fitting tube shield is slipped
part way down onto the tube to which a signal is to be applied,
then the output lead of the generator is clipped to the shield. The
shield must not touch chassis metal. There is a small capacitive
coupling through the glass of the tube envelope. This coupling is
sufficient where the signal will pass through several stages
before going to the oscilloscope or electronic voltmeter, or where
the generator has high output. Instead of a tube shield you can
clip the generator output lead to a ring of brass or aluminum
about ahalf inch wide, which is easily cut and rolled into shape
from any thin metal. This ring should be pushed down over the
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tube until it surrounds the internal elements. No capacitor or
resistor is needed in series with the generator lead when coupling
through a tube shield or a metal ring.
Between the attenuator in the signal generator and the control
grid of the tube used for signal input must be acapacitor. Otherwise the grid bias will be shorted through the attenuator. Most
generators have a capacitor in series with their output lead. It

Generator

I
To ground or
bias voltage
Fig. 6-2.—lise a mail capacitor in series with the generator output lead and
the connection to a control grid.

is safe practice to use an external capacitor, as shown at C in
Fig. 6-2. A capacitance of 10 to 20 mmfd should be plenty if the
generator provides a reasonably high output voltage.
In many receivers there are conveniently placed test jacks
connected internally to points where signal generators should be
coupled, also to points at which connection should be made
to the oscilloscope or electronic voltmeter during alignment
adjustments.
To avoid the risk of high-voltage shocks it is rather common
practice to remove the high-voltage rectifier tube from its socket
during alignment. This assumes that the rectifier furnishes voltage
for only the picture tube anode or anodes. When the picture tube
is removed from the chassis when taking the chassis out of its
cabinet, alignment may be carried out without the picture tube.
In some shops there are bench mounts in which the picture tube
may be held while connected to the receiver, or picture tubes of
common types may be permanently mounted on the test shelf and
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connected to receivers being serviced. If the high-voltage rectifier
is not removed while the picture tube is out of the chassis, the
lead or leads for high-voltage anodes and deflection plates must be
thoroughly insulated — usually with rubber caps held securely
on the ends of these leads.
In our earlier discussion of automatic gain control it was
mentioned that this control system either should be replaced with
a fixed bias from a battery or else the signal input kept so low
that bias voltage cannot be automatically increased. It is unsafe
to simply ground the age bus unless all tubes connected to it have
fixed minimum biases provided by grid resistors or cathode
resistors. Then the input signal must be kept weak enough that
the control grid of no tube can be driven positive. A fixed bias of
2 to 3 volts, from a battery, usually will allow plenty of gain in
the tubes while preventing any effect from the automatic gain
control. These precautions in relation to automatic gain control
apply when aligning the video i
-f amplifier and also when aligning the tuner if the r-f amplifier or mixer is under automatic
Generator

Mixer

IF

1

IF

IF

Detector

Fig. 6-.1.—The generator coupling may be moved back toward the mixes,
stage by stage, as alignment proceeds.

control. Sound aye, when used, is similarly disabled or overridden
when aligning the sound section.
Make certain that ground connections are made at all points
where required. Check for grounds from a ground terminal to
the metal bench or shelf top at every instrument; signal generators, oscilloscope, and electronic voltmeter. Be sure that all
shielded cables are grounded on the receiver chassis. Remember
that any change in indications of the scope or the voltmeter when
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touching any part of the receiver chassis indicates the need for
additional grounding.
With everything connected and checked, turn on the power for
the receiver and all the instruments to be used. Let all of them
warm up for at least 10 minutes, preferably longer, before
making any adjustments.
Alignment of Traps.—As a general rule any interference traps
coupled to video i
-f stages or video-sound i
-f stages should be
aligned before adjustment of the couplers in this amplifier. The
reason is that any change in the tuning of a trap usually alters
the frequency response of the interstage coupler associated with
the trap, and when traps are tuned after completing alignment
of the interstage couplers it will be necessary to realign the
couplers.
This general rule should be followed when the generator used
for alignment remains coupled to the control grid of the mixer
tube during adjustment of traps in all following stages. There
may, however, be an exception to the rule when the generator
coupling is made first to the i
-f tube preceding the detector, as
in Fig. 6-3, and is moved back stage by stage as alignment proceeds. Then, in each stage which immediately follows the generator coupling, the trap and then the interstage coupling may be
aligned before moving the generator back to the stage next ahead.
With this method you would tune each trap as you come to it
during alignment of the i
-f couplers.
Fig. 6-4 shows the first and second i
-f stages of a typical receiver employing traps for interference reduction. For this receiver the video intermediate frequency is 25.75 mc and the
sound intermediate frequency is 21.25 mc. The interstage coupler
at the left is between the mixer and the first i
-f tube. To this
coupler is inductively coupled a trap tuned to 19.75 mc. This
frequency is just 6.0 mc lower than the video intermediate of
the receiver, so this trap is for the adjacent video frequency.
On the coupler between first and second i
-f tubes is a trap
tuned to 27.25 mc. This is 6.0 mc higher than the sound intermediate of the receiver, so here we have a trap tuned for adjacent sound. On the coupler following the second i
-f tube is the
sound takeoff which is tuned to 21.25 mc, the sound intermediate
frequency of the receiver. While removing the sound signal from
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this coupler the takeoff circuit also reduces the strength of the
accompanying sound which goes on to following stages. Note
especially that there are no traps for accompanying sound ahead
of the sound takeoff, although there are two traps for other
frequencies ahead of this point.
Fig. 6-5 shows the third and fourth i
-f amplifiers and the
second detector or video detector of the same receiver. On the
coupling between the third and fourth i
-f tubes is a trap tuned
to 27.25 mc, which is the same frequency as for the trap following the first i
-f tube. Here, then, we have another trap for adjacent sound. Inductively coupled to the cathode-ground lead of
the fourth i
-f amplifier is atrap tuned to 21.25 me. This is a trap
for accompanying or associated sound signals which may have
gotten past the sound takeoff, and which here are absorbed before
going on to the second detector and picture tube.
The final trap in the i
-f amplifier section is on the interstage
coupler between the fourth i
-f amplifier and the cathode of the
second detector. This trap is tuned to 19.75 mc, which is the
frequency of the adjacent video signal. If we count the sound
takeoff as a trap, there are six in all. Two are tuned for accompanying or associated sound, one being the sound takeoff. Two
To Sound
I-F Amp

Ad)
Video
Trop

1st-

2nd.
IF

F

ITrapi
Adj Sound

1

3rd.
IF

4th.
IF

Detector

Take
off
Adj.
Sound

o

'Trap'

Adj
Video
Accompanying
Sound

Fig. 6-6.—Locations of the six traps In the video-sound i
-f amplifier.

more are tuned for adjacent sound (27.25 mc) and two are tuned
for adjacent video (19.75 mc). All these traps are shown in the
simplified block diagram of Fig. 6-6.
For alignment of traps in avideo and video-sound i
-f amplifier
section the steps are as follows. Connections for instruments are
shown by Fig. 6-7.
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1. Use only a single-frequency signal generator, such as the
marker generator, without any sweep generator. Couple the
output of the generator through a small capacitor to the control
grid of the mixer tube. The generator signal should be modulated
with whatever audio frequency is provided, usually 400 or 1000

?Gen rator

cycles.
2. Connect the electronic voltmeter between the output of the
video detector and chassis ground or B—. The output of the video
detector may be from either its plate or cathode, whichever is
not connected to the preceding i
-f coupler. In series with the outVoltmeter
or
Oscilloscope

Video
Detector

I- F
Stages

Mixer

Load
R

Video
Amp.

Load

R

Fig. 6-7.—How the instruments are connected for alignment of traps.

put element of the detector will be an r-f choke, sometimes with a
paralleled resistor, and somewhere following the choke will be a
resistor going to ground or B—. This latter resistor is the detector load. Connect the high side of the voltmeter to the high
side or detector end of this load resistor. Incidentally, the r-f
choke really is a peaking coil, but it is built like r-f chokes with
which we are familiar. Use the lowest scale or the most sensitive
scale of the meter.
Instead of the electronic voltmeter you may use the oscilloscope
as an output indicator. Use a filter probe on the vertical input
of the scope, or connect a10,000-ohm fixed resistor in series with
the vertical input lead. If the scope is not highly sensitive, connect its vertical input lead to the high side of the video amplifier
load resistor. This adds the gain of the video amplifier. Use the
internal sweep of the scope, set for the modulation frequency
provided from the signal generator.
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3. Disconnect the antenna or transmission line from the receiver. Set the channel selector to some channel in which there
is no local transmission, usually to one of the high-frequency
channels.
4. Place the contrast and brightness controls in their usual
operating positions. The contrast may be turned higher to give
additional gain provided this does not cause oscillation in the i
-f
tubes during alignment.
5. Tune the signal generator to the exact frequency at which a
trap is to be aligned. Increase the generator output to give a

utiiiiiiiiWirk

Fig. 6-8.—Sound bars on the screen of the picture tube.

good indication on the voltmeter or scope. Carefully adjust the
trap to bring the indication as low as possible. As adjustment
proceeds, increase the output from the generator. The object is
to have maximum attenuation and minimum indication on the
meter or scope with a high output from the generator tuned to
the trap frequency. Change the generator tuning to the frequency
of the next trap to be aligned, and adjust this trap for minimum
reading on the indicator with high output from the generator
Align all remaining traps in the same manner.
If the modulation freauency of the signal generator goes

118

APPLIED PRACTICAL RADIO-TELEVISION

through the video detector and amplifier to the picture tube it
will produce on the screen of this tube a series of horizontal
"sound bars" about as shown in Fig. 6-8. These sound bars may
be used as an indicator during trap alignment. The trap to whose
interference frequency the signal generator is tuned should be
aligned to get rid of the sound bars on the picture tube screen, or
to reduce them to the greatest possible extent. As with other
methods, the output from the modulated signal generator is
increased as the alignment proceeds.
Traps are to be aligned for the sole purpose of reducing or
eliminating troublesome frequencies. With traps correctly
aligned, these frequencies on the response curve will be down at
zero or nearly so. This effect varies the shape of the response
curve by bringing it steeply downward near the trap frequencies.
But trap alignment must not be used in an attempt to shape
the response to bring the video intermediate frequency half way
down its slope, or for any other shaping of the response other
than is incidental to reduction of response at the trap frequencies.
Video I-f Alignment.—The object of aligning the couplers in
the video i
-f amplifier is to secure in the output of the video
detector a response having some or all the features shown in
Fig. 6-9. This curve applies particularly to a receiver not using
intercarrier sound, and having a band width great enough to
require traps for accompanying sound, adjacent sound, and adjacent video frequencies. The smaller receivers do not accept so
wide aband and do not need the traps in most cases. When using
intercarrier sound there are no traps which fully attenuate the
accompanying sound, and usually no traps for either adjacent
sound or adjacent video.
The most important feature is correct positioning of the video
intermediate frequency on the response. Theoretically, this frequency should be 50 per cent down from peak response. Actually
it may be anywhere between 30 per cent and 50 per cent down,
which means at a point between 50 per cent and 70 per cent of
peak response. The choice depends on make and model of receiver, and on the position with which there is best reception. If
the video intermediate frequency is too far down, the response to
low frequencies in the signal may be weak enough to make
synchronization difficult and all pictures may appear dull and
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lifeless. If this frequency is too high on the response there will
be loss of detail or sharpness in the pictures.
When traps are used they must cause dips in the response at
frequencies to which the traps should be tuned. Where the traps
reduce the response nearly to zero the marker pips for identifying the trap frequencies will be almost or wholly invisible. A
marker can be made to show up only on frequencies where there

Adjacent
Video

Accompanying
Sound

Video
IF

Adjacent
Sound

6-9.—An overall response of o video l-f amplifier.

is at least some gain in the amplifier. The trap frequencies can
be identified by tuning the marker generator to frequencies
slightly above and below the trap frequency, where the pips can
be seen, and estimating the frequency in the intervening dip.
The maximum high frequency which can produce good definition in the pictures is proportional to distance fon the curve of
Fig. 6-9. This assumes that there is no effective reproduction of
frequencies beyond the point where the curve is 50% down on
the low-frequency side or the sound side.
There are several instrument combinations which may be used
for video i
-f alignment. For only the peaking of the responses
from individual stages, where the response of each stage has but
one peak, we may use a marker type (single-frequency) signal
generator and an electronic voltmeter as at the upper left in
Fig. 6-10. The same class of work may be done by using the
marker generator with modulation for the input signal, and for
the output indicator using an oscilloscope, as at the upper right.
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When it comes to observing the overall response of the entire
i
-f amplifier it would be possible to check relative gains at
various points along the response by making a number of measurements with either of the combinations just mentioned. This
is a rather laborious method, and none too accurate. It is far
better to check all overall responses with the instruments shown
at the bottom of Fig. 6-10; the marker generator used to identify
various frequency points, the sweep generator to cover the overall band width, and the oscilloscope to show the entire response
at one time.
The marker type generator always is used without modulation
when employed only to identify frequency points on the sweep
range. Usually this generator is used unmodulated also when the
Marker-Type
Generator

Electronic
Voltmeter

Marker
Generator

Marker Generator
(modulated)

Sweep
Generator

Oscilloscope

scope

Stage Peaking
and Overall
Re!:ponse
Fig. 6-10.—Instrument combinations used for alignment of video-sound i
-f Hog«.

output indicator is an electronic voltmeter. When the output indicator is an oscilloscope the marker type generator is used with
audio modulation and the internal sweep of the scope is synchronized to the modulation frequency.
When aligning the interstage couplers it is important to keep
the output of the sweep generator or of the marker type generator
used without a sweep at the lowest value which will give useful
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readings on the output indicator. If a further increase of output
changes the shape of the response curve or the waveform of the
curve (other than making it higher), one or more of the stages
are being overloaded by excess generator output and the response
is being distorted.
When the marker generator is used to supply marker pips on
the response curve the output of this generator must be kept as
low as allows positive identification of frequencies. Otherwise
the curve will be thrown out of shape by the excessively strong
marker signal. Marker pips naturally are clear and distinct along
the upper parts of the response where there is high gain in the
amplifier, but they become progressively weaker as they run
down the slopes at either side.
Always use the lowest or most sensitive scale of the electronic
voltmeter. If the reading tends to go off scale, reduce the output
of the generator rather than changing to a higher scale. Always
use maximum gain in the vertical amplifier of the oscilloscope.
If the curve becomes too high, reduce the generator output rather
than the gain or sensitivity of the scope.
When the electronic voltmeter is connected to the video detector
load resistor, where the signal is a varying direct voltage, the
meter may be used as a d-c instrument. When used ahead of the
video detector or when used on the output of a video amplifier
tube the electronic voltmeter should be used with ahigh-frequency
probe. When the oscilloscope is connected to the video detector
load it may be used with the filter probe described earlier. When
the scope is used ahead of the video detector or on the output of

®

Detector

Video
Output

Picture
Tu be

Fig. 6-IL—Points at which the electronic voltmeter or oscilloscope rimy be
d for output measurements.
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a video amplifier it must be fitted with the detector probe to
demodulate the signals which are at high frequencies.
Either the oscilloscope or the electronic voltmeter used as an
output indicator may be connected to any of the points shown
by Fig. 6-11. The same signal exists at all these places. The signal
is weakest at the detector load resistor, point 1. It is stronger at
the load resistor of the first video amplifier, point 2, and still
stronger at the load resistor of the video output tube, point 3, and
at the input to the picture tube, point 4. In the last part of its
travel the signal may be delivered from either the plate or cathode
of the video output amplifier and may go to either the grid or
cathode of the picture tube, all depending on the circuit design.
When employing the lowest scale of an electronic voltmeter
there usually is enough sensitivity to give clear readings with the
meter at the detector load resistor. If the oscilloscope lacks sensitivity it may be connected to any of the points farther along
toward the picture tube, or at the picture tube.
During alignment anywhere in the video i
-f amplifier the input
from the signal generator or generators often is fed into the
control grid of the mixer tube. It is undesirable to have the highfrequency voltage from the r-f oscillator reach the mixer grid at
the same time. The r-f oscillator may be put out of action by
connecting a capacitor of about 0.001 mfd from the oscillator
grid to chassis ground. If the r-f oscillator is not on a series
heater string the tube may be removed from its socket during
videó i
-f alignment.
If there is automatic gain control on any of the i
-f tubes this
control should be overridden with a battery bias as explained in
earlier pages. The contrast control should be set in its usual
operating position. This control may have to be set lower should
oscillation occur in the amplifier tubes during adjustment. The
channel selector should be set at a channel in which there is no
local transmission, and the antenna or transmission line disconnected from the receiver.
Using a metal tipped screwdriver or wrench for adjustment
of the coil slugs during alignment may cause no trouble in some
cases. It is safer to employ an alignment tool made entirely of
hard fibre or plastic.
There are three generally used methods of connecting the test
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instruments during alignment of stages in the video i
-f amplifier.
The first general method is shown in principle by Fig. 6-12. The
electronic voltmeter or oscilloscope used as the output indicator
is connected to any signal point following the video detector tube,
which means any point shown by Fig. 6-11, and is allowed to
remain connected at the same chosen point throughout the process
of alignment. The output of the marker type generator, or of the
sweep and marker generators together, is coupled to the control
grid of the i
-f amplifier immediately ahead of the video detector
as at a. Then the coupler A, between i
-f tube and detector, is
aligned for the desired response as affected by this one coupler.
The next step is to remove the generator coupling from point
a and apply it to point b. Now coupler B is aligned to obtain the
response desired from the two stages preceding the detector. In

nil
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IF
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IF
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Video
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Fig. 6-12.—Connection from the generators may be moved back from grid to
grid during alignment of successive stages.

following steps the generator input is coupled to point c and
finally to point d, which is the mixer control grid, while couplers
C and D are aligned with their respectively lettered generator
couplings in place. With this method the first step gives the
response of coupler A alone. The next step gives the combined
response from couplers A and B, the third step shows the combined effect of couplers A, B and C, and finally we have the
overall response of the entire video i
-f amplifier when the generators are connected to the mixer control grid.
Fig. 6-12 illustrates also the second general method of align-

•
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ment. The only difference between this and the first method is
that now the generator or generators are coupled to the control
grid of the mixer and left there during adjustments in all stages.
The output indicator, voltmeter or scope, is connected as before
and is not changed during the alignment process.
With either of the two methods mentioned, the signal strength
or voltage at the output indicator will become greater and greater
as successive stages are brought into correct alignment. The
generator output must be continually reduced as the work proceeds. It is agood idea to drop the output to zero between stages,
then bring the output up just enough to obtain areadable response
on the meter or scope when ready to align afollowing stage.
The third general method of alignment is shown in principle
by Fig. 6-13. Here we observe the response of each stage independently of all other stages. For afirst step the output indicator
may be connected to the video detector load resistor, as at a, and
the output of the generator or generators coupled to the control
grid of the last i
-f amplifier, as with the lead marked a. Now we
align coupler A for the desired stage response.
For the next step the connection of the output indicator is
moved back to the plate of the last i
-f amplifier, connection b,
with a detector probe in series with the lead. At the same time

Voltmeter or
Oscilloscope

4-iteit A4--.
MIxer

,'

Generator or
Generators

IF

a

IF

Video
Detector

_.--

fie 6-13.—Instrument connections for observing the response and making
alignment adjustments in individual stages.
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the generator or generators are coupled to the control grid of
the i
-f amplifier next farther back toward the mixer. Now we
align coupler B for the response desired from this coupler individually. In following steps the generator or generators and the
output indicator are moved together to include between their
connections each additional coupler. The final alignment will
be with the generator or generators to the control grid of the
mixer and with the output indicator to the plate of the i
-f amplifier which follows the mixer.
When traps are associated with any of the interstage coupling
coils or transformers, every adjustment of the trap will somewhat
affect the response of the coupler to which the trap is inductively
or capacitively coupled. Also, every adjustment of the coupling
coil or transformer will affect the trap frequency to some extent.
If all the traps have been adjusted before the couplers are aligned
it will be necessary to go back over the traps and make any slight
changes which are needed to bring them back to the correct
frequency.
Regardless of whether there are traps in the i
-f amplifier section, you should make it an invariable rule to make a recheck of
all adjustments after going through them the first time. When

cTitq

Fig. 6-14.—Couplings of this general type give a single-peaked response
for each stage.

the alignment has been made for all stages, repeat the whole
process and do whatever touching up is required.
Interstage Couplings.—The type of coupling used between
mixer and i
-f amplifier, between amplifiers, and between amplifier and video detector, determines the method of alignment which
is most suitable. Impedance couplings with single tuned coils are
shown by Fig. 6-14. The tuned coil may be in the plate circuit of
the first tube, as at the left, or in the control grid circuit of the
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second tube, as at the right. Both couplings provide a singlepeaked response from their stage when considered by itself. The
single-peaked responses combine to form the desired overall
response. So far as alignment is concerned, the two couplings
shown here are handled in the same way.
At the left in Fig. 6-15 is atransformer coupling with individually tuned primary and secondary windings. The transformer
will provide a single-peaked response when there is loose inductive coupling between windings and when both windings are
tuned to the same frequency. When the coupling between windings is made closer or tighter the response will have two peaks.
With both windings tuned to the same frequency one of the peaks

9

Fog. 6-15.—Couplings of these types usually give o double-peaked response,
but may provide o single peak.

will be higher than this frequency and the other will be lower.
The tighter the coupling the farther apart the peaks will be
separated in their frequencies.
At the right in Fig. 6-15 is a double impedance coupling with
one tuned coil in the plate circuit of the first tube and another
tuned coil in the grid circuit of the second tube. There is no intentional inductive coupling between the two coils. There is either
top coupling as shown by the capacitor and its connections in full
lines or else bottom coupling as shown in broken lines. The two
coils may be tuned to the same frequency for single-peaked
response or to different frequencies for a double peak. Increase
of capacitance in the coupling changes the resonant frequency
of both coils.
The diagrams of Figs. 6-14 and 6-15 show four basic types of
interstage couplers. Any of them may be modified in various
details to secure certain operating characteristics desired by designers of receivers. Ordinarily these modifications do not affect
the alignment methods to be explained.
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3rd. IF to
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Fig. 6-16.—Typical peaking for each of four couplers tuned alternately to
two frequencies.

Alignment of Single-peaked Impedance Couplera.—Most receivers have either three or four i
-f amplifier tubes. With three
such amplifiers there are four tuned couplers; one from mixer to
first amplifier, two between the two i
-f amplifiers, and one between
the last amplifier and the video detector. With four i
-f tubes there
must be one additional coupling, making five in all.
The frequency to which each coupling should be tuned is specified in service literature or on circuit diagrams issued by the
manufacturer. The frequencies for all the couplers nearly always
are in between the sound intermediate and video intermediate
frequencies of the particular receiver. But there is no such thing
as a standard set of coupler frequencies in relation to the intermediates or in relation to anything else.
Receivers having four i
-f couplings and using intercarrier
sound systems usually peak all four couplers to only two frequencies as indicated in a general way by Fig. 6-16. Frequency
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/1 is somewhere around 2.6 mc below the video intermediate
frequency used in the receiver. Frequency 12 is somewhere near
0.4 mc below the video intermediate. Adjacent couplers never
are tuned to the same frequency for this almost surely would
cause regeneration and oscillation in the amplifier.
The left-hand set of curves show the first and third couplers
tuned to the lower frequency fi, and the second and fourth
couplers tuned to the higher frequency f2. The right-hand set of
curves show the first and third couplers tuned to the higher frequency, with the second and fourth couplers tuned to the lower
frequency. Both methods are used, it depends on the make and
model of receiver. We aim for the same shape of overall frequency
response no matter which order of tuning is employed.
With five interstage couplers the usual practice is to tune them
to five different frequencies which lie somewhere between the
video and sound intermediate frequencies of the receiver. Combinations of frequencies may be on the order of those shown by
Fig. 6-17. Quite often there will be two frequencies up near the
video intermediate, within less than one megacycle of this intermediate. Then there will be two more frequencies down near the
sound intermediate, usually within one megacycle of this intermediate. Finally, there will be one frequency near the middle of
the range between the two intermediates, but somewhat closer to
the video than the sound intermediate.
The high and low coupling frequencies often alternate, as in
the left-hand set of graphs, with the middle frequency used for
the last coupler or for the coupler just ahead of the video detector.
In other cases the successive frequencies may increase through
two or more successive couplings, as in the right-hand set of
graphs. Fig. 6-17 illustrates only some possible orders of tuned
frequencies; there are many others in use. Two adjacent couplers
never are tuned to the same frequency, the difference being anything from 0.5 to 1.0 mc.
Alignment of the several couplers in a stagger tuned singlepeaked i
-f amplifier is conveniently carried out with the use of
a single-frequency marker type generator, without any sweep
generator, to provide the input signal, and with an electronic
voltmeter as an output indicator. The steps are as follows:
1. Couple the output of the signal generator very loosely to
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6-17,—Peoicing foe each of live couplers tuned to five different frequencies.

the control grid of the mixer tube or to any point in the grid
circuit which is not at ground potential. Use the generator unmodulated.
2. Connect the electronic voltmeter to the high side of the
video detector load resistor or to the load resistor of a video
amplifier tube as previously explained.
3. Turn on the power for the receiver and meter and let the
two of them warm up. Make certain that all ground connections
are in place and tight.
4. Tune the generator back and forth through the range of
video intermediate frequencies to note rise and fall of the meter
pointer. Adjust the generator output so that the highest reading
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brings the meter pointer about half way up on the lowest voltage
scale. Check the settings of the receiver contrast control, the
channel selector, see that the antenna is disconnected, that the
r-f oscillator is removed or shorted, and that everything is ready
for testing.
5. Tune the generator to the precise frequency at which any
one of the couplers is to be aligned. Then adjust that coupler for
maximum reading on the meter. This may be higher or lower
than the peak reading obtained during the preliminary checkup.
If the meter pointer tends to go off scale, reduce the output of
the signal generator. If there are two couplers which should
resonate at the same frequency, align both of them with the one
setting of the generator.
6. Retune the generator to the frequency for another coupler
or couplers and align these others for maximum reading on the
meter. Proceed thus until all couplers have been aligned at their
particular frequencies for maximum meter readings.
This operation may be performed also with the oscilloscope
instead of the electronic voltmeter as the output indicator. Use
the single-frequency marker type generator, but have its output
modulated at an audio frequency. Couple the generator to the
mixer control grid and the oscilloscope to the load resistor of
the video detector or avideo amplifier. Adjust the internal sweep
of the scope to the modulation frequency of the generator.
Remaining steps are similar to those when employing the
electronic voltmeter. With the generator tuned accurately to the
frequency at which each coupler should resonate, align that
coupler for maximum height of trace on the scope. Do this for
each coupler. When all couplers have been aligned in this manner
the over-all response should be observed by using the sweep and
marker generators with the oscilloscope.
Single-peaked impedance couplers sometimes are aligned by
the method shown in Fig. 6-12 with the sweep and marker generators moved back stage by stage from a on the control grid of
the last i
-f amplifier to d on the control grid of the mixer.
When using this stage-by-stage method it is necessary to have
aset of response curves applying to the particular receiver. Fig.
6-18 shows a set of curves such as might apply to one particular
make and model of receiver. At the beginning of the alignment
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process, with only one coupler between the generators and scope,
the response will show asingle peak. With two couplers included,
as the generators are moved back, there will be two peaks. With
three couplers included there still will be only two peaks, but they
will be more nearly in balance. The over-all response, with all
couplers between the generators and scope, should be that desired
for the video i
-f amplifier as awhole. The greater the number of
couplers which contribute to the shaping of the response the
steeper will be the sides or slopes of the curve.
Alignment of Double-peaked Couplers.—Although the transformer coupling and the double-impedance coupling of Fig. 6-15

Two Couplers

Overall

Fig. d-18.—Typical responses when aligning to include one additional couplet
at each
ive step.

may be so loosely coupled as to have a single-peaked response
there would be no particular object in using them thus, for such
a response may be had from a single tuned coil. Consequently,
nearly all these double-tuned couplers have a double-peaked response for each stage as well as for any number of successive
stages working together.
The transformer with tuned primary and secondary, and the
double-impedance coupling with two tuned coils capacitively
coupled act similarly, produce responses of similar shape, and
are aligned in the same manner. Therefore, for the sake of simplicity, we shall hereafter refer to both as transformer couplings
and speak of the coil or winding in a plate circuit as the plate
coil and of the one in acontrol grid circuit as agrid coil.
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Sometimes the coupling is adjustable, either by means of a
movable core inside both windings or else by means of avariable
coupling capacitor between the coils. When both coils are separately tuned to the same frequency and the coupling is made very
loose, there will be a rather sharp single-peaked response as
shown at the left in Fig. 6-19. As the coupling is made closer the
response will show two peaks, as in the center diagram, with the
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fig. 6-19.—As the coupling is made closer, the response will change se shown
from left to right.

frequency of one peak below the tuned frequency and that of the
other peak above the tuned frequency. As the coupling is made
still closer or tighter the two peaks will move farther apart, as
at the right, and the dip or valley between the peaks will become
deeper. All this shifting of the peaks is brought about by varying
the coupling.
If the coupling is not adjustable it may be of any degree of
looseness or tightness, depending on the construction of the transformer. With the two coils individually tuned to the same frequency, the transformer then may deliver any of the responses
shown by Fig. 6-19, or any other response desired by the designer.
If the coupling is fixed and the two coils are tuned to different
frequencies the tuning of each coil will affect or shift the peak
whose frequency is nearest the frequency to which that coil is
tuned. Although the peak corresponding to coil frequency will be
the one chiefly affected, every adjustment of either coil will affect
also the other peak to some extent.
When the two coils are to be tuned to the same frequency, and
the coupling is fixed, put one of them out of action while the other
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is tuned, then make the second one non-resonant while the first
is tuned. One coil may be made inoperative by connecting across
it a fixed resistor of about 500 ohms or else a fixed capacitor of
about 0.001 mfd. Either coil might be individually tuned also by
turning the slug of the other one all the way out during the
process, but with the first coil correctly tuned it would affect the
resonance curve of the second one when you attempt to tune the
second coil to the same frequency.
If the coupling is adjustable to the extent that it may be made
very loose, it then is possible to tune each coil to the same frequency
with no appreciable effect from the other coil. Later the coupling
may be tightened to separate the two peaks of the final response.
For correct alignment when the response of all stages, or even
one of them, is double-peaked it is necessary to use the sweep
and marker generators for the input, and the oscilloscope for
output indicator. Adjust the center frequency of the sweep generator to approximately midway between the sound and video
intermediate frequencies of the receiver. It will be necessary to
have asweep width of at least 6mc, and 8to 10 mc usually proves
more satisfactory.
The marker generator is used without modulation. During the
process of alignment this generator will be tuned to the video and
sound intermediate frequencies, also to frequencies at which there
should be peaks in the several responses, to frequencies at which
the downward slopes should commence, and quite possibly to the
interference frequencies for which traps are provided.
The oscilloscope is connected to the video detector load resistor,
to the load of a video amplifier tube, or to the input (grid or
cathode) of the picture tube. The choice between these connections depends on how sensitive is the vertical amplifier of the
scope. The less its sensitivity, the farther toward the picture tube
the connection must be made to secure traces of satisfactory
height.
There is a decided possibility that the response will be distorted by resonance in the primary winding when the generators
are coupled to the following control grid and the secondary. To
avoid this possibility it is well to short the primary as shown by
Fig. 6-20. A resistor of about 500 ohms or a capacitor of about
0.001 mfd capacitance should be clipped across the primary,
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fig. i-20.—Shunting of transformer primaries to prevent their affecting the response.

whether this winding is aseparate coil or is part of atransformer.
This shorting or shunting unit should be kept on the plate coil
which precedes the transformer being aligned. If the generator
couplings are moved back toward the mixer during successive
steps of alignment, the shorting connection should be moved back
with the generators at each step.
Alignment may be made by successively including more and
more stages, as shown in steps a, b, eand dof Fig. 6-12. Then the
last step will give the overall response. Another way is to align
each stage by itself, as shown in principle by Fig. 6-13. When all
stages have been thus aligned it is necessary to observe the overall response with the generator inputs at the mixer grid and the
scope at the video detector load or beyond.
When using the first method, of successively including more
and more stages, it is practically imperative that you have available a set of response curves applying to all the steps as they
should be carried out with the particular receiver being handled.
With the stage by stage method the receiver curves are almost as
necessary, but there is some chance of making a satisfactory
alignment without them.
A set of alignment responses for the first method might appear
like those of Fig. 6-21. For curve A you have only one transformer
affecting the response, with the generators at the grid of the
third (or last) i
-f tube, and the scope at the detector or beyond.
The primary and secondary slugs or trimmers are adjusted to
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obtain this desired response. Then the generators are moved back
one stage. Adjustment now is made of the primary and secondary
of the additional coupler thus included until obtaining the response shown at B. Adjustments of the transformer first aligned
should not be altered to obtain this second response.
The next step is to move the generators back one more stage
and to adjust the primary and secondary slugs or trimmers of
the added coupler in obtaining the response shown at C. This
should be done without disturbing the adjustments of either
transformer previously aligned. Any additional stages are treated

®

©
3rd IF to
Detector

2nd. IF to
Detector

1st. IF to
Detector

Mixer
to
Detector

Fig. &V.—Successive responses when commencing with one coupler and
including one more in each following step.

in the same way. The final step places the generators at the mixer
grid. Then the last transformer which has been included is adjusted to obtain the overall response shown at D.
Alignment of Individual Stages.—When we wish to observe the
response of a single stage and carry out the alignment process
on each stage all by itself, the generator and oscilloscope connections usually are made as shown by Fig. 6-13. The sweep and
marker generators are coupled to the control grid of the tube
preceding the transformer to be aligned. If the aligned transformer immediately precedes the video detector, the oscilloscope
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is connected to the detector load resistor. The scope vertical input
should be fitted with a filter probe to remove high video frequencies, but need not be fitted with a detector probe. The detector probe may be used if desired; the only effect being to lessen
the height of the trace.
If the aligned transformer is farther ahead or farther toward
the mixer, the vertical input lead of the scope must be fitted with
a detector probe. The probe then is connected to the plate of the
tube following the aligned transformer. It is not necessary to
disconnect the B+ lead from the plate circuit.
Note that neither the generators nor the oscilloscope are
directly coupled or connected to the plate or grid circuits of the
transformer being aligned. All instruments are separated from
these circuits by atube. Were connection made to the plate circuit
or the grid circuit of the transformer being aligned, the capacitances of the leads and the instruments would completely upset
the tuning and the response. As a precautionary measure it
usually is advisable to employ the resistor or capacitor shunt in
the manner shown by Fig. 6-20.
When the test instruments have been correctly coupled and
connected, and all other preliminary settings have been made in
the usual manner for alignment work, the primary and secondary
of the transformer are adjusted to give the response which is
correct for the stage being worked on. Quite often all the transformers are of similar design and have the same degree of
coupling. Then the responses of all stages may have the general
form shown at A in Fig. 6-22. If there is atrap directly associated
with the aligned transformer the response will show the effect of
that one trap. At B is shown how the first curve might be altered
by a trap for accompanying sound. Traps for other interference
frequencies would place dips in the response at those frequencies.
The response of a single double-peaked transformer is not
always symmetrical with respect to frequency, as it is at A. Quite
often the degree of coupling designed into a certain stage will
produce a response such as shown at C. Again the coupling in a
particular transformer may be loose enough to cause only asingle
broad peak, as at D. The combined effect of all stages, both symmetrical and non-symmetrical, is intended to be the typical overall response with which we have become familiar.
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Fig. 6-22.—Typical responses of individual couplers of the transformer er
double impedance types.

On the overall response the video intermediate frequency will
be about half way down the high-frequency slope, and the sound
intermediate frequency will be far down on the low-frequency
slope. But on the response for any single stage these two frequencies usually will be well up on the slopes, or may be on the
peaks. The reason is that when a signal goes through a number
of stages in cascade the response becomes narrower and narrower,
the slopes are drawn in toward the center. Consequently, the video
and sound intermediate frequencies which may be at or near the
peaks of individual stage responses will be well down on the
slopes of the overall response. If you push these frequencies down
the slopes of each stage, they probably will disappear in the
overall curve.
Overall Response.—Regardless of the kind of couplings in the
video i
-f amplifier and of the methods used for adjustment of
each coupling, the alignment must conclude with a check on the
overall response with the generators at the mixer control grid and
the oscilloscope at the video detector load or beyond. With the
sweep covering the entire frequency range of the amplifier, use
the marker generator to determine that the video intermediate
frequency is 30 to 50 per cent down with reference to the peak
response. Set the marker also to the frequencies of all traps used
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in the amplifier to make sure these frequencies are well attenuated.
If the overall response is not of the desired shape it will be
necessary to slightly readjust the various stages. Before altering
the settings of any slugs or trimmers make a sketch showing the
original positions of the nuts or screw slots. Then make note of
whether you are going to turn an adjustment clockwise or
counter-clockwise. Change only one adjustment at a time, and
give it no more than one-tenth turn before examining the result.
It is very easy to get everything so far out of line that the whole
alignment job has to be repeated.
Adjustment of each coupler will have maximum effect at the
frequency to which that coupler was tuned, but every adjustment
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Fig. 6-23.—How the overo Iresponse may change during slight readjustment
of couplers in different stages.

will affect the entire response curve—sometimes to an astonishing
extent.
Fig. 6-23 shows what may happen during adjustment on an
i
-f amplifier having four tuned couplers, with numbers 1 and 3
originally tuned to the frequency indicated by one of the arrows
in diagram A, with numbers 2 and 4 tuned to the frequency indicated by the other arrow.
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For the first adjustment, coil 2was tuned to ahigher frequency.
The result on the overall response is shown at B. For the second
adjustment, coil/ was tuned to ahigher frequency, with the overall result shown at C. Then coil 3was tuned to alower frequency,
with the result shown at D. So far, the total result had been to
get rid of the extreme inequality beween the peaks and to lessen
the percentage by which the response drops between peaks.
For the next adjustment, coil 2was tuned to alower frequency.
This brought number 2 back to the frequency from which it
started in response A. The result is shown at E; the response is
moved slightly lower in frequency and there is a considerable
improvement in overall gain. For a final adjustment, coils 1 and
3 were both changed to a slightly higher frequency. This moved
both peaks a very little to the right, but brought up the overall
gain and Ieft an entirely acceptable dip between the two peaks of
the response. It is changes such as these which you may expect
to see during any final touchup of the overall response curve.
Alignment for Interearrier Sound.—In the overall responses for
all video i
-f amplifiers the video intermediate frequency must be
brought to a point which is no less than 50 per cent and no more
than 65 to 70 per cent up on the high-frequency slope. When the
sound system operates at the sound intermediate frequency this
sound intermediate frequency should be well down on the lowfrequency slope, but its position is not too critical. Usually this
accompanying sound frequency is attenuated by one or more
traps tuned for the purpose.
But when the receiver uses intercarrier sound the position of
the sound intermediate frequency on the overall response is as
critical or even more so than the position of the video intermediate. In a few receivers this sound intermediate may be
allowed as high as 8 to 10 per cent of the peak response, but
nearly always it may be no higher than 5 per cent and may give
best results when down around 3 per cent of the peak.
Fig. 6-24 shows overall responses for video i
-f amplifiers where
there is intercarrier sound. In the upper response the sound
intermediate is kept down on the relatively flat extension at the
low-frequency end of the curve. This is accomplished by correct
design and careful alignment of the interstage couplers.
In the lower response the sound intermediate frequency is on a
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Fig. 6-24.—Overall responses of video-sound i
-f amplifiers used wide
intercarrier sound systems.

shelf or a "plateau" formed on the low-frequency end of the response. This shelf is formed by arather broadly tuned trap placed
somewhere in the video i
-f amplifier. This intermediate sound
trap is tuned to leave aresponse of afew per cent, with the sound
intermediate frequency just far enough down to come on the
nearly flat part of the response. The particular response shown
here is redrawn from Stewart-Warner service literature, they
being one of the manufacturers using this method of shaping the
response.
If the sound intermediate frequency gets up onto the more
steeply sloped part of the response the sound signal will acquire
so much amplitude modulation, in addition to its frequency modulation, that the effect cannot be overcome by the sound demodulator. The result is a disagreeable buzz, not a hum, which cannot
be entirely removed by any adjustment in the sound system.
Amplitude modulation results because frequency deviations toward higher frequency run the sound signal up on the response
curve, which really is acurve of gain, and deviations toward lower
frequency carry the signal down, where there is less gain. Thus
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the amplitude is increased during upward deviations and is decreased during downward deviations. The stronger the sound
signal the worse the effect, because with f-m sound the extent
of deviation corresponds to sound volume.
Regeneration.—In any overall response it is desirable to have
maximum gain with acurve of correct shape. In making touchup
adjustments to increase the gain or to lessen the amount of dip
between peaks it is possible to make the frequencies of adjacent
coils too near alike. Then there may be feedback from plate to
grid of the tube between these coils, and regeneration will occur.
An increase of signal input, an increase of contrast control, or
almost any other change may allow uncontrollable oscillation.
The response will go off the screen of the oscilloscope. If the picture tube is connected, its screen will become very bright.
Oscillation will continue with the generator output reduced to
zero, or disconnected, and with the contrast control turned back
to zero. It can be stopped only by turning off the power to the
receiver or amplifier. If a receiver comes to you so far out of
adjustment as to oscillate, the regeneration must be stopped in
order to carry out realignment. It may be possible to commence
the work with the contrast control turned well down and with
very small output from the sweep generator. You may detune
any or all the coils, except the first one to be aligned, by giving
their slugs or trimmers a turn or two. Another method consists
of connecting capacitors of about 0.001 mfd from control grids
to ground in all stages except the one to be aligned first. This first
stage should be the one nearest the video detector. Then take off
the capacitors, one by one, as you work back toward the mixer.
Regeneration which does not break over into oscillation will
cause irregular peaks in the response. Such trouble will result
from using generator or scope leads which are not shielded or
with which the shields are not well grounded, and sometimes
from using a scope lead without a filter to remove high frequencies. Even with leads shielded, grounded, and correctly
filtered, regeneration may be caused by excessive output from the
sweep generator. If reducing this output changes the shape of
the response, other than its height, the output must be kept
down during alignment.
Feedback and regeneration may result from incorrect place-
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ment of parts or wiring connections in the amplifier. Leads for
plates, control grids, and screens which originally were well
spaced may have been moved together or moved too close to
chassis metal. Another possible cause is a defective bypass
capacitor on the voltage dropping resistor in a plate or screen
circuit.

Chapter 7
ALIGNMENT OF SOUND SECTION
So far as alignment is concerned we must consider two general
types of sound sections. The first type is shown in simplified form
by Fig. 7-1. Here the sound takeoff is either at the output from
the mixer tube, which is in the tuner section, or is at the output
of some following sound-video i
-f stage. The modulated intermediate frequency delivered to the sound section is the sound
intermediate frequency secured from the mixer and passed
Sound
I-F Stages

Discriminator
or Ratio
Detector
Audio
Amp.

Sound
Ta ke-off

Video_
j ___
Detector

Tuner
Sound-Video and
Video I-F Stage

_fig. 7-1.—A sound section operating at the sound intermediate frequency, with
takeoff ahead of the video detector.

through the sound-video i
-f stages, it is afrequency which usually
is somewhere between twenty and thirty-odd megacycles.
In the sound section itself are two or more sound i
-f stages
operating at the sound intermediate frequency. The demodulator
may be either a discriminator or else a ratio detector. With a
discriminator in this position the preceding i
-f stage usually is
operated as a limiter stage to reduce or remove amplitude
modulation.
The second general type of sound section is shown by Fig. 7-2.
Here we have an intercarrier sound system. The takeoff usually
is from the output of afirst or second video amplifier, although in
148
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a few cases it is from the output of the video detector. The
modulated intermediate frequency delivered to the sound section
always is exactly 4.5 mc, regardless of sound intermediate frequency. There is a single sound i
-f stage operating at 4.5 mc.
In nearly all receivers the sound demodulator is a ratio detector,
although a discriminator might be used if the preceding i
-f stage
limited any amplitude modulation.
The discriminator and the ratio detector deliver outputs of
similar kind and form. Both operate with transformers having a
tunable primary winding and a tunable center-tapped secondary
winding. Alignment of the transformer for either kind of deSound
IF

Ratio
Detector
Audio
Amp.

Take off
Tuner

4

1..•••••

Sound- video
I-F Stages

Video
Detector

Video
Amp

Fig. 7-2.—A sound section of the intercarrier frequency type, with takeoff
following the video detector.

modulator is carried out in the same general way so far as output
indications are concerned, the chief difference being in the points
at which an electronic voltmeter or an oscilloscope is connected to
obtain output readings or traces.
The principal parts of a discriminator circuit are shown by
Fig. 7-3. Details may vary, but the principles remain unchanged.
When the input to this circuit is at constant frequency, with no
deviation, the currents in the two diodes are equal. Currents and
voltages of resistors Ra and Rb are equal. If we connect a voltmeter from point X to ground the meter will indicate the voltage
across Rb, and a connection from X to the top of Ra will allow
measuring the voltage across Ra. If the amplitude or strength of
the input signal increases, and still there is no change or deviation
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of frequency, the voltages measured from point X to ground or to
the top of Ra will increase proportionately. A decrease of input
amplitude, again with no frequency deviation, will decrease the
voltages measured from point X.
It becomes apparent that we may connect a voltmeter or an
oscilloscope between point X and the outer end of either resistor
for measurement of the strength of a constant frequency signal
coming to the discriminator from preceding amplifier stages.
Such a signal would be furnished by a marker type generator
used without any kind of modulation. This connection may be
used to note changes of gain as we align couplers in preceding
stages, also as we align the discriminator transformer.
Consider next what happens with the voltmeter or oscilloscope
connected between point Y and ground, which is a connection
across the audio output. If the incoming signal still is of constant
frequency the diode currents and the voltages across the two
resistors will be equal. Polarities of the resistor voltages are
opposed, they cancel each other, and there will be zero voltage
between point Y and ground.
If there is any unbalance between currents in the two diodes,
and resulting voltages across the two resistors, these voltages no
longer will cancel out, and there will be an excess of either positive or negative potential between point Y and ground. If the
unbalance of diode currents results from an audio signal arriving
as frequency modulation the voltage between Y and ground will
vary at the audio rate of that signal. This is normal operation of
the demodulator, it delivers an audio output when there is frequency modulation or deviation in the input.
Transformer
Primary
Secondary

Audio
Output

F. 7-3.—Cliecrioninator circuit showing points at which the output is measured.
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If the input signal is at constant frequency, as from the marker
generator, and this frequency is the one at which the sound
system is supposed to operate, and if there now appears a positive or negative voltage between Y and ground, the secondary of
the discriminator transformer is out of alignment. Misalignment
of the secondary upsets the phase relations in the diode circuits
and unbalances the diode currents even when a constant frequency is applied to the system. From all this it follows that we
may connect the voltmeter or the scope between point Y and
ground while aligning the transformer secondary on a signal
whose frequency remains constant at the value for which the
sound system is designed.
Now we may go to the ratio detector, the principal parts of
whose circuit are shown in Fig. 7-4. Again assume that the
signal coming through from preceding stages is of constant frequency. Diode currents will be equal, and there will be equal
Trantformer
Pri.

Seey

_C
1
:5 «r

Audio
Output

Fig. 7-4.--Ratio detector circuit showing points at widel the output is measured.

voltages from any point along the upper line marked X to ground
and from any point along the lower X line to ground. A voltage
might be measured between ground and cathode a, the top of
resistor Ra, or the positive side of the large capacitor C. A
voltage of the same value would be measured between ground
and plate b, the bottom of resistor Rb, or the negative side of
capacitor C. The two voltages would be equal.
If the strength or amplitude of the incoming signal were to
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increase, with the frequency remaining constant, the measured
voltages would increase. Were signal amplitude to decrease there
would be acorresponding decrease in both the measured voltages.
Then we may conclude that a meter or scope may be connected
between ground and any point along either line marked X to
indicate changes of gain during alignment of couplers in preceding stages, and during alignment of the primary of the ratio
detector transformer.
Voltage measurements between point Y and ground, or across
the audio output of the ratio detector, will vary just as do voltages measured across the audio output of the discriminator. The
voltage from Y to ground will be zero when the incoming signal
is of constant frequency, and of the frequency for which the ratio
detector is aligned. Frequency modulation at an audio rate will
produce between Y and ground the regular audio signal which
should appear in the output of a ratio detector. But if there is a
voltage with a constant-frequency input, of the frequency on
which the detector should operate, it means that the transformer
secondary is out of alignment. So we shall connect a meter or
scope from Y to ground while aligning the transformer secondary
by means of a signal from the marker type generator. Alignment
must produce zero voltage.
Preparing for Alignment.—There are a few preliminary steps
to be taken before carrying out the actual adjustments for
alignment in sound systems, just as similar steps must be taken
before working on the video i
-f amplifier.
Connections from the signal generators are made through
small capacitors to control grids or other points to be specified.
Generator outputs must be kept low enough not to distort the
outputs from amplifiers and demodulators. The frequency for
intercarrier sound systems always must be precisely 4.5 mc,
within 0.0025 mc or within one-quarter of one per cent of absolute
accuracy. For other systems the generator is tuned to the sound
intermediate frequency, with equal accuracy on a percentage
basis.
The electronic voltmeter and oscilloscope are used as d-c instruments when connected to the output of the demodulator. If
connected ahead of this point these instruments must be fitted
with detector probes. A filter probe or equivalent resistor and
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capacitor connections should be in the vertical input lead of the
scope even when it is used on the detector output.
Disable or override any automatic gain control which operates
on video-sound stages through which the generator signal will
pass. Do the same for automatic volume control in the sound
section.
The r-f oscillator is not needed except when making a final
checkup on actual transmission from stations, so this oscillator
may be disabled by grounding its grid through a capacitor or by
removing the tube from its socket.
Disconnect the antenna or transmission line. It is a good idea
to short the terminals to which the transmission line connects at
the receiver. Set the channel selector to achannel in which there
is no local transmission, preferably to one of the higher-frequency
channels.
Keep in mind that, for television sound, there is frequency
deviation of only 25 kilocycles plus and minus for 100 per cent
modulation. In f-m sound broadcasting the deviation is 75 kilocycles for 100 per cent modulation.
Interstage Coupler Alignment with Voltmeter.—The following
method may be used for alignment of the sound takeoff, if it is

Meter

Amplifier

%
I

Generator

Video I-F Amps
Fig. 7-S.—Generator ab000effoos for °ligament I. mood »Moo.
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atuned type, and for any sound i
-f couplers or intercarrier sound
couplers which precede the demodulator transformer. Alignment
of the demodulator transformer will be taken up a little later.
The voltmeter used for the present method may be an electronic
type employed as ad-c instrument or it may be amoving coil type
whose sensitivity is not less than 20,000 ohms per volt.
1. Use the marker type (constant-frequency) generator without modulation, tuned precisely to the center frequency for the
sound system. This is either the sound intermediate frequency of
the receiver or else the 4.5 mc intercarrier beat frequency. The
generator output may be coupled to the control grid of the amplifier which precedes the sound takeoff, as in Fig. 7-5, or, if the
generator already is coupled to the mixer grid for other adjustments it may be left there for alignment of sound stages. If there
are several sound i
-f stages, and if they are badly out of alignment, the generator coupling may be moved back one stage at a
time from demodulator to sound takeoff as the couplers are
adjusted one by one.
2. The electronic voltmeter or a high-resistance moving coil
meter may be connected to point X as shown in Figs. 7-3 and
7-4 when there is a ground in the demodulator output circuit.
With no ground, or with this circuit at high voltage in a ratio
detector, connect the meter across the large capacitor marked C
in Fig. 7-4. If the tube preceding the demodulator is operated as
alimiter the voltmeter may be connected from the limiter control
grid to ground, which is a connection across the grid resistor of
the limiter tube.
3. Adjust all remaining couplings in the sound system for
maximum reading of the meter. This will include everything
back to and including the sound takeoff. If there are several
sound i
-f stages there will be several double-tuned transformers
and sometimes single-tuned impedance couplers. With most intercarrier sound systems the only remaining coupling will be the
takeoff. Reduce the generator output as alignment proceeds. This
is especially important when there is a limiter tube in the sound
system, for with a strong signal the limiter flattens the response
and makes it impossible to identify a definite peak of voltage.
Demodulator Alignment with Electronic Voltmeter.—For
alignment of primary and secondary windings of the discrimina-
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tor transformer or ratio detector transformer the connections
usually may be arranged as in Fig. 7-6. The steps are as follows:
1. Couple the output of a marker type (constant-frequency)
generator to the control grid of the amplifier tube preceding the
transformer and demodulator. Use this generator without modulation. Tune it precisely to the frequency used in the sound system,
either the sound intermediate frequency or else, for intercarrier
sound systems, to a frequency of 4.5 mc.
Instead of coupling the generator to the amplifier just ahead
of the demodulator it may be coupled to the control grid of the
Meter
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Amplifier

t
.
PRI

,,....
Demodulator

Marker Type
Generator

Adjust-------41for Zero

Meter

—L.

-.
Fig. 7-b.—Canoodle» for generator and output indicator for antitumorf
of demodulator.

tube which precedes the sound takeoff, as shown by Fig. 7-5.
For systems employing the sound intermediate frequency this
tube will be the mixer or one of the sound-video i
-f amplifiers.
For intercarrier sound systems this tube will be the first or
second video amplifier, whichever precedes the sound takeoff.
For the generator connections of Fig. 7-5 to be satisfactory, all
the couplers ahead of the demodulator transformer, including
any tuned sound takeoff, must be in reasonably good alignment
They must be capable of passing the generator signal.
2. The electronic voltmeter will be connected first to point X
and later to point Y in the diagrams. These are the two points
similarly lettered in Figs. 7-3 and 7-4 for the discriminator and
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the ratio detector. The meter is used as a d-c instrument. Make
the first trial with a high-voltage scale, then drop to the lowest
or most sensitive scale that will accommodate the measured
voltage.
Instead of using the electronic voltmeter, tests may be made
with a moving coil type having sensitivity of no less than 20,000
ohms per volt. This meter is connected in the same way as the
electronic type.
The voltmeter may be connected between points X or Y and
ground only when there is a ground connection somewhere in
the output circuit of the demodulator, substantially as shown in
Figs. 7-3 and 7-4. A different connection of the meter is required
for some receivers with a ratio detector which operate their
entire sound section at potentials 100 or more volts above chassis
ground potential. The audio output tube is used as a voltage
dropping unit, with a high 13+ voltage on its plate and a lower
13+ voltage at the cathode. Other plates and screens in the
sound section then are supplied with their B + voltage from the
cathode of the output tube. In this case there ordinarily is no
ground on the output side of the demodulator. The voltmeter is
connected across the large capacitor C of Fig. 7-4. For final
alignment of the transformer it then is advisable to use the
oscilloscope and sweep generator.
3. With the voltmeter between point X and ground, or across
the capacitor in the special case mentioned in the preceding
paragraph, adjust the primary of the demodulator transformer
for maximum indication on the meter. Keep the generator output
as low as gives a satisfactory meter reading.
4. Set the voltmeter on a high-voltage scale and shift its input
connection to point Y in the diagrams. If the measured potential
is much more than 10 volts no satisfactory test or adjustment
can be made with the voltmeter in this position. If the voltage
is low set the meter on a lower scale and proceed to adjust the
secondary uf the demodulator transformer for a zero reading.
Now tune the generator back and forth through its correct frequency. You will note that there is a zero reading of the meter
at a frequency in between two other frequencies at which the
reading is above and below zero. This zero reading, which is
between two other readings which are positive and negative,
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must be obtained with the generator precisely at the sound intermediate frequency or at the intercarrier beat frequency of 4.5
mc, according to the kind of sound system.
5. Having obtained a zero reading at the correct frequency by
adjustment of the transformer secondary it is in order to measure the voltages at frequencies equally above and below the first
one. This is most conveniently done if the meter has azero-center
scale or a polarity reversing switch, since the voltage will be
negative with the frequency changed in one direction, and positive with the frequency changed in the other direction. Positive
and negative voltages should be very nearly equal for equal
variations of generator frequency, at least as far as 75 kilocycles
below and above the center frequency, and preferably even
further. If the voltages are not nearly equal try making a slight
readjustment of the demodulator transformer primary to obtain
equality. Then check for zero reading at the center frequency for
sound, and, if necessary, slightly readjust the transformer
secondary.
Alignment with Oscilloscope.—Accurate alignment in the
sound system may be made with the oscilloscope as an output
indicator, a sweep generator to cover the range of frequency
deviation, and a marker generator to identify frequencies on the
trace. This combination of instruments is especially useful when
aligning the demodulator transformer, but when used for that
purpose it might as well be used also for aligning the takeoff
coupling and any other sound couplers which precede the demodulator transformer. Because it is necessary that these preCenter Frequency For Sound

Peak
Amplitude

!Width

i Width

Fig. 7-7.—Ovieroll responses from sound stages preceding the demodulator.
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ceding couplers be in alignment before working on the demodulator, we shall consider them first.
The object in aligning the couplers which are ahead of the
demodulator is to obtain asingle-peaked response which is rather
broad, as at the left in Fig. 7-7, or a slightly double-peaked
response as at the right. The exact form depends on the design
of the couplers; anything between the two responses illustrated
will be satisfactory. The center of the response must be at the
center frequency for sound, which will be the sound intermediate
frequency or the intercarrier beat frequency of 4.5 mc. The band
width, measured between points half way down the slopes, should
be at least 300 kilocycles or 0.3 megacycle, and may well be more.
The peak amplitude should be the greatest possible in combination with correct centering and satisfactory band width. If the
response has two peaks, they should be of equal height or
amplitude.
The steps in obtaining the overall amplifier response are as
follows:
1. Couple the sweep generator to the control grid of the tube
which is just ahead of the sound takeoff, as in Fig. 7-5, or to the
control grid of the mixer. Set the sweep width to about 1 mc ;it
Sound I-F

Limiter

Demodulator

Oscilloscope

Fig. MI.—Oscilloscope connections to limiter grid circuits.

may be adjusted later to suit the width of response obtained.
Center the sweep at the center frequency for sound.
2. Couple the marker generator to the same point as the sweep,
through a separate small capacitor. The marker will be used to
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identify the center frequency and the band width on the response
trace.
3. If the tube immediately preceding the demodulator is operated as a limiter, connect the vertical input of the oscilloscope to
the high side of the limiter grid resistor as shown by Fig. 7-8.
Leave the scope connection here while aligning all the couplers
and the sound takeoff if the takeoff is tuned. To avoid distortion
of the response with the scope connected to the limiter grid it is
necessary to use in series with the vertical input a resistor R
of 50,000 ohms or more.
If there is no limiter tube, the response must be measured at
the output of the demodulator. Connect the vertical input to point
X of Fig. 7-3 or Fig. 7-4, or across the large capacitor C used
with a ratio detector. Here it is not necessary to use the high
resistance in series with the scope lead.
If there is no point corresponding to X of the diagrams, and
areadable response cannot be obtained across the large capacitor,
connect the vertical input of the scope to the balanced output
point marked Y in Fig. 7-3 or Fig. 7-4. With this latter connection it is necessary that the secondary of the demodulator transformer be detuned, otherwise the output will be zero at the center
frequency for sound. The detuning may be done by turning the
alignment slug aturn or two in either direction, or by connecting
a resistor of about 500 ohms across the secondary, or by connect,.
ing across this winding a capacitor of 2 or 2 mmfd or greater
capacitance.
4. Adjust all the interstage couplings in the sound system,
also the sound takeoff, to obtain the overall response features
mentioned in connection with Fig. 7-7.
Demodulator Alignment with Oscilloscope.—Alignment of the
demodulator transformer is a more intricate operation than
alignment of preceding couplers in the sound system. It might
be considered also a more important alignment for the reason
that misadjustment may cause troubles other than a mere reduction of audio output. The trace showing demodulator output
is not a single- or double-peaked curve but is of a form called an
S-curve which indicates the manner in which frequency modulation is changed into amplitude modulation suitable for the audio
amplifier and loud speaker. We shall commence this work by
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23.0

21.0

Demodulator
Output
Voltage

Center
Frequency

Center
Frequency

Fig. 7-9.--Relotions between frequency sweep during 1/60 seceded and
voltage trace appearing on the oscilloscope.

examining a few of the response traces which may be obtained,
and how they are obtained.
To begin with, assume that a sweep generator is coupled to
the control grid of any tube ahead of the demodulator, as in
Figs. 7-5 and 7-6. Assume also that the center frequency for
sound is 22.0 me, which might be asound intermediate frequency.
If the sweep generator is adjusted for 2 me sweep width, going
1 me below and 1 me above the center frequency, the frequency
swing during 1/60 second may be represented as at the top of
Fig. 7-9. The frequency will change from 21.0 me to 23.0 mc and
then back to 21.0 mc.
Now we shall connect the vertical input lead of the oscilloscope
to the balanced output point of the demodulator, which would be
to point Y in Figs. 7-3 or 7-4. Using the internal sweep of the
scope, synchronized for 60 cycles per second, we will have a trace
of the general form shown at the bottom of Fig. 7-9.
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The rather peculiar form of this trace results from two facts.
First, the voltage output of the demodulator is zero at the center
frequency for sound when the demodulator transformer is correctly aligned, then the voltage becomes negative with frequency
deviation in one direction from the center frequency, and becomes
positive with deviation in the opposite direction. This accounts
for zero voltage each time the sweep goes through the center
frequency, and for the voltage slopes on both sides of this
frequency.
The second important fact is this: The demodulator transformer and all other interstage and sound takeoff couplings
ahead of it have a limited range of frequency response. This is
true of any tuned coupling, it has peak response or gain at some
one frequency or over a narrow range, and the gain falls off
at frequencies lower and higher. The peak response of all these
couplings is at the center frequency for sound; 22.0 mc in our
example. The turning of the response curve back toward zero
at a and b of Fig. 7-9 results from the falling off of gain in the
couplers at frequencies well removed from the center frequency.
At eand d the response of all the couplers has dropped to zero,
and we have zero voltage in the demodulator output.
The second half of the voltage curve in Fig. 7-9 repeats the
first half with the peaks inverted. This inversion occurs because
sweep frequency increases during the first half of the sweep
time, and decreases during the second half.
The trace at the left in Fig. 7-10 is simply the first half of the
complete trace of Fig. 7-9. This half trace is secured by increasing
the horizontal gain of the scope and by using the horizontal
f1

f1

Decreasing
Center
Frequency
a./

Increasing

f2

Center

f2

Re. 7-10.—Singlo and double S-curves obtained by using the internal swoop
of the oscilloscope.
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centering control to move the second half of the trace off the
screen. This allows a much larger response curve on a screen of
any given diameter.
So far, the internal sweep of the oscilloscope has been synchronized at 60 cycles. If the internal sweep is synchronized for
120 cycles per second it is possible to obtain the double trace
shown at the right in Fig. 7-10. This trace is made up of the
two relatively straight parts in which there is an increasing
frequency during the first 1/120 second, and a decreasing frequency during the following 1/120 second. The frequencies are
alike at the two points marked fi and again are alike at the two
points marked f2. The crossover point of the two curves is at the
center frequency for sound. This complete trace is the double
S-curve with center crossover which is quite familiar to those
who have made visual alignment of f-m sound receivers.
Fig. 7-11 illustrates what may be done when using synchronized horizontal sweep voltage from the sweep generator or any
other source, instead of the internal sweep of the oscilloscope.
The horizontal sweep frequency rate applied to the horizontal
input of the scope is the same as the rate at which frequency
varies up and down in the generator output. Usually both these
rates are 60 cycles per second.
At A the forward and return traces are not quite synchronized.
Adjustment of a phasing control will superimpose the two traces

Forward

Return

Fig. 7-111.—ecurvos obtained when using o synchronized sweep »Pepe for
the horizontal input of the oscilloscope.
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so they appear as at B. There will be a single curve if the forward trace is exactly like the return trace. The forward trace
is the first half of the voltage curve shown in Fig. 7-9. The
return trace is the second half of that curve, reversed in its
relations between frequency and time. This reversal occurs
whenever we use a synchronized sweep frequency at the horizontal input of the oscilloscope.
At C in Fig 7-11 is shown the effect of reducing the extent of
frequency sweep in the generator. As an example, were the
original sweep to be something like 2 mc from lowest to highest
frequency for producing the trace at B, reducing the sweep to
about 0.5 or 0.6 mc would produce the trace at C. This latter trace
shows enough of the S-curve to allow making all adjustments
needed during alignment. It is easier to work with than the more
extended curve at B, chiefly because distinct marker pips can be
formed with less output from the marker generator, and because
these pips are easier to follow as they are shifted up and down
the curve.
Fig. 7-12 illustrates some features which are desirable in the
S-curve of a demodulator. The center frequency for sound, to
which all the couplers are aligned, should be midway between
the lower and upper peaks. The parts of the curve which are
below and above the center frequency should be of nearly the
same shape or form, they should be symmetrical. These two
things are attained largely by correct adjustment of the secondary in the demodulator transformer. The amplitudes or distances of the two peaks above and below the center should be
equal. This too depends to a great extent on adjustment of the
secondary.
Usual recommendations are that the total separation between
peaks be something between 400 and 600 kilocycles or between
0.4 and 0.6 megacycle. This separation requires correct adjustment of the primary. Equal spacings of the two peaks to the
left and right of the center point depend on correct adjustment
of both primary and secondary of the demodulator transformer.
To have high quality of sound reproduction the curve should be
nearly straight or linear for as far as possible above and below
the center point. The straight part of the curve should extend at
least 75 kilocycles each way from the center to have audio output
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7-72.—Features of a demodulator S-curve which are affected by
alignment adjustments.
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as the sweep generator, but, as always, through a separate
capacitor. The marker generator will be used to identify the
center frequency point, the frequencies at the two peaks, and to
what frequencies the straight central portion of the curve
extends.
3. Connect the vertical input of the oscilloscope, through afilter
probe, to the point of balanced output from the demodulator,
which is point Y in Fig. 7-3 or Fig. 7-4. The internal sweep of
the scope may be used to obtain any of the S-curves shown by
Figs. 7-9 and 7-10. Synchronized sweep from the generator or a
separate source may be used to obtain S-curves as shown by
Fig. 7-11. With the marker generator tuned to identify the center
frequency for sound, the center frequency and sweep width of
the sweep generator may need slight readjustment for correct
placing of the S-curve on the screen.
After aligning the secondary of the demodulator transformer
in an intercarrier sound system always make a test with all
instruments disconnected and while receiving a regular picture
or pattern from a transmitting station. If there is a distinct
buzzing sound which is not due to having the contrast control
too high, it may be due to misalignment of the demodulator
transformer secondary. A test is to shift the secondary adjustment slightly, first one direction and then the other. If there is
a point of maximum sound signal volume and minimum or zero
buzz in between points of relatively large buzz, this is the correct
point of adjustment for the secondary.

Chapter 8
ALIGNMENT OF TUNERS
The tuner section contains the r-f amplifier, the mixer or
converter, and the r-f oscillator. There may or may not be tuned
coupling circuits between the antenna terminals and the input
to the r-f amplifier. There always are tuned couplings between
r-f amplifier and mixer, and the oscillator circuit always is tuned.
Alignment of these circuits ordinarily is required less often than
in the video i
-f and sound amplifiers. Need for alignment is
indicated when it is impossible to obtain satisfactory pictures
and sound by manipulation of a fine tuning or sharp tuning
control. Alignment is required when any parts have been replaced
in tuned circuits, and may be required when there is replacement
of any tubes in the tuner section.
Because the electrical and mechanical construction of a tuner
determines the manner in which alignment must be carried out
it will be well to examine a few tuners which illustrate the more
common designs.
A great many tuners employ some or all of the features shown
by Fig. 8-1. This is a rotary switch type with tuning inductors
mounted on or close to the switch wafers. Connections suitable
for each channel are completed by four contacts on four switch
rotors. These contacts are indicated by arrowheads. The tuning
inductances in the plate circuit of the r-f amplifier and in the
control grid circuit of the mixer consist of a series of small wire
loops and coils.
With the channel selector set for channel 13 the switch points
are on contacts a-a. The adjustable inductance loops h-h are
active, and all remaining loops and coils are shorted between
the switch points and the bottom connections. As the channel
selector is set for channels of lower and lower numbers the
switch points move downward on the diagram, and leave additional inductance sections in the active circuit until, on channel
2, all the sections are active.
The only adjustable inductors are at b-b and c-c. Inductors
161
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b-b are adjusted with the switch set for channel 13. Remaining
inductance loops between this switch setting and the setting
for channel 7 and not adjustable. Consequently, the adjustment
or alignment of inductors b-b affects the tuning or response
on all channels from 13 to 7, inclusive.
When the switch is moved from channel 7 to channel 6 the
adjustable inductors c-c are brought into the active circuit.
These two inductors are aligned with the switch set for channel 6. The inductances at c-c are so much greater than those
at b-b that whatever alignment has been made with b-b has
negligible effect when making adjustments at c-c. The inductors
which are between the switch points on channels 6 and 2 are
not adjustable. Consequently, the adjustment of inductors c-a
affects the response on all channels from 6 to 2 inclusive.
In rf-mixer tuned couplings of the general type illustrated
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there may be no field adjustments at all, with all channels
factory aligned. There may be only the end adjustments at
b-b or only the center adjustments c-c. In some tuners all the
small inductor coils for channels between numbers 6 and 2
may be adjustable. Then the inductors at d-d would be adjusted
with the switch set for channel 5, those at e-e with the switch
set for channel 4, and so on.
When alignment of one inductor affects the tuning of several
channels it is a general rule to align that inductor with the
switch set to include that one inductor or the fewest possible
additional ones in the active circuit. It may be found, however,
that an adjustment made with this switch setting throws some
of the other affected channels too far out of alignment. Then it is
necessary to make a compromise adjustment which will give
satisfactory tuning for all affected channels, although none of
them may be precisely what you might desire.
In the oscillator circuit of Fig. 8-1 there are separate inductors for each of the channels. These inductors are brought into
the oscillator plate-grid circuit, one at a time, by rotation of
the channel selector switch. Every one of these inductors may
be separately adjustable, as shown, or there may be adjustments
only for the coils in the low-band channels. In any case, adjustment of the oscillator coil for any one channel is made independently, with the switch set for that one channel. When oscillator coils are mounted close together, the resonant frequency
of one may be slightly affected by adjustment of nearby coils.
Such slight changes of resonance are corrected during the
recheck of performance which should follow every job of
alignment.
Fig. 8-2 shows another tuner which cuts in successive sections
of inductance as the channel selector switch is moved from
channel 13 toward channels of lower numbers. This is accomplished by switch rotors which are shorting segments, represented in the diagram by the shaded vertical bars. The contacts
for all inductor sections not in the active circuits for r-f plate
and mixer grid are shorted together by the switch rotors. In
this particular tuner there is an additional tuned circuit between
the antenna coupling transformer and the control grid of the
r-f amplifier.
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Fig. 8-2.—Tunar with shorting rotary switch and tuning in the antenna coupling.

Inductors h-h-h may or may not be adjustable. If adjustable,
they are aligned with the channel selector set for channel 13.
Inductors c-c-c may or may not be adjustable. If adjustable,
they are aligned with the switch set for channel 6. If inductors
shown below c-c-c in the diagram are adjustable, they are
aligned with the switch set on the contacts just above each
inductor as it is handled. Although the switches in Figs. 8-1 and
8-2 are of different type, the general method of adjustment and
the order in which channels are aligned would be the same for
both tuners.
For the oscillator in Fig. 8-2 we again have individual separately adjustable coils for each channel. As the switch rotors
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are moved downward on the diagram, oscillator coils for channels
13 to 7 are successively brought into the active circuit by the
extension on the switch rotor on the left of these coils. Only
one coil is in circuit at a time.
When the switch is brought to the position for channel 6,
the short-circuiting rotor on the right of the oscillator coils
has opened its side of coil f and this coil now is connected to
the oscillator plate through the rotor on the left. Remaining
oscillator coils for channels of still lower numbers are similarly
brought into the oscillator circuit by movement of the switch
rotors.
Fig. 8-3 illustrates features of turret tuners such as found
in many receivers. The stationary contacts which are in the
tube circuits are represented by arrowheads. Within the broken
line which is between the arrowheads are the coils for any
one channel. These coils usually are mounted together on an
insulating strip which clips into place on the rotating member
of the turret. There is a similar strip, with its set of coils,

Bias

Coil Unit
for One
Channel

Oscillator

fig. 114.—Overe11 alignment adjustments affecting al clialusale, as mod
in o turret tenor.
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for each of the other channels. In the design shown here, only
the oscillator coil has an adjustable core which may be used
for alignment. In different designs there may be adjustable
cores in one or more of the other coils, or there may be adjustable
cores in the coils for some channels and not in those for other
channels.
If there are no adjustments in the coils, and it is impossible
to secure a satisfactory response on some channels by means
of other adjustments, the coil strip must be replaced. Sometimes the strips for various channels become mixed as they
are inserted on the turret, and must be straightened out.
To be especially noted in Fig. 8-3 are certain trimmer capacitors which form overall adjustments affecting all channels.
Trimmer Ca is in the control grid circuit of the r-f amplifier.
Capacitor Cp is in the plate circuit of this amplifier. Capacitor
Cg is in the control grid circuit of the mixer tube. These three
capacitors affect the response of the r-f stage, they affect the
distribution of gain with frequency between the antenna and
the mixer grid. Adjustment of Ca, Cp, and Cg should be made
to give the best possible compromise in the r-f responses for
all channels. The response on every channel must come within
certain limits which will be specified later, but the responses
need not be alike for all channels.
Adjustable capacitor Co of Fig. 8-3 is an overall adjustment
for the oscillator on all channels. Ordinarily it is the only
adjustment which need be altered for oscillator alignment,
although the coil slugs for some channels may need adjustment
when those channels cannot be brought within correct limits
by the overall trimmer adjustment. The adjustable capacitor
at the right of Co is a fine tuning or sharp tuning adjustment
for the operator.
When a tuner such as shown by Fig. 8-3 has once been correctly aligned for all channels with certain settings of the trimmer capacitors, any realignment such as necessary upon replacement or aging of tubes should be made by readjustment of the
trimmers alone, not by adjustment of coil slugs.
Adjustments which affect the overall response of all channels
are not always so plainly apparent as with the trimmer capacitors just shown. Looking back at Fig. 8-1 it may be seen
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that the oscillator coil for channel 2 remains connected between
the oscillator plates for all other channels. For example, the
switch rotor contacts are shown set for channel 9, but the bottommost oscillator coil still is in circuit. As a consequence,
adjustment of this coil for channel 2 will affect the oscillator
frequency on all channels. If all oscillator coils are to be realigned, the work should start on channel 2. Were any other
channel aligned before number 2, adjustment for this channel
might upset some or all the others.
Fig. 8-4 shows connections for a two-band continuous tuner,
in which there is a continuous change of frequency response
through the low-band channels 2 to 6, and another continuous
change through the high-band channels 7 to 13. There are
completely separate sets of tuning coils for each band, with
the changeover made by the switches marked Low-High. Tuning through each band is accomplished by the movable cores
of the coils. All these cores are moved together by the channel
selector. There is a low-band coil 1 and a high-band coil 2 in
the plate circuit of the r-f amplifier. There is another pair of

LOW
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Channel
Tuning

gig. 8-4.—Twe-bend continuous tamer with overall adjustments
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each tuned circuit
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coils, 3 and 4 in the grid circuit of the mixer. There is a third
pair of coils, 5 and 6, for the oscillator.
In this tuner there are trimmer capacitors which affect the
response throughout an entire band of channels. Trimmer a
tunes the r-f amplifier plate on channels 2 through 6, while
trimmer b acts similarly on channels 7 through 13. Trimmers
c and d act in the same manner for the low band and high
band on the mixer grid circuit. Trimmers e and f vary the
oscillator frequency for the low-band and high-band channels
respectively.
In addition to the trimmer capacitors shown in Fig. 8-4,
tuners of this general type usually have adjustments for the
coil slugs which are moved by the channel selector. Positioning
of the slugs with reference to the coil windings usually is a
preliminary adjustment. It may be made by turning the slugs
to bring them some certain distance outside the coil form or
a support, or to bring them to some position with reference
to other parts as measured in fractions of an inch. When the
coil cores have been adjusted in this manner, they are thereafter moved together by the channel selector. This adjustment
of coil cores with reference to the selector mechanism should
be required only when there has been replacement of major
parts of the tuner. It should be possible to compensate for
tube replacements by adjusting the trimmer capacitors.
Fig. 8-5 shows connections for a continuous tuner covering without break the frequencies from 44 mc to 216 mc,
which include the television channels and also f-m broadcast
and other radio services in the range between channels 6 and 7
The diagram represents a Du Mont Inputuner which is developed around the three-gang variable inductor called the MalloryWare Inductuner. The inductor unit is shown within the broken
line.
Capacitors Ca, Cb and Cc are adjusted to obtain the correct
r-f response from antenna through the mixer. The correct
response shows a slight double peak with the peaks about 4.5
mc apart, with the video carrier frequency at or near one
peak and the sound carrier frequency at or near the other
peak when tuned for channel 3. The band pass frequency
width is adjusted by spreading or squeezing the exposed end
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turns La and Lb with the tuner set for channel 13. This band
pass must be no less than 4.5 mc and no more than 6.0 mc.
The oscillator is tracked by adjustment of trimmer capacitor
Cd and end turns Lc. Capacitor Cd is adjusted with the tuner
set for one of the low-band channels, usually channel 4, while
inductance turns Lc are adjusted with the tuner set for channel
13.
Types of Adjustable Inductors.--Tuning coils which are to have
considerable inductance, as required on low-band channels, often
are provided with screw type adjustable slugs of powdered iron
such as generally used in standard broadcast circuits. For coils in
high-band channels the screw slugs often are made of brass and
sometimes of copper-iron mixtures. Turning an iron slug farther
into the coil turns increases inductance and lowers the resonant
frequency. Brass or other non-magnetic metal has the opposite
effect, turning it farther ino the coil turns lessens the apparent
inductance and raises the frequency.
Where the inductors are single turns or small loops the adjust
ment may be with brass screws turned closer to or farther fron
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the inductors. A similar principle is employed by providing a
shorted single turn of wire which may be moved toward or away
from the high side of a coil to vary the effective inductance.
The inductance of space wound self-supporting coils may be
altered by squeezing the turns to get them into less overall length
or by spreading two or more turns to increase the length. Shortening a coil increases the inductance and lowers the frequency,
while lengthening it lessens inductance and raises frequency.
The squeezing or spreading should be done with a non-metallic
tool if the response is being watched during adjustment.
An inductor often used where very small inductance is needed
consists of a hairpin-shaped loop of wire. Spreading the sides of
the loop farther apart increases the inductance, squeezing them
closer together decreases the inductance. Inductance loops may
be provided with a short-circuiting slider which can be moved
toward or away from the closed end of the loop. Moving the slider
toward the closed end of the loop increases the inductance and
lowers the resonant frequency, while moving the slider toward
the open end or toward the terminals of the loop has the opposite
effect. The slider, once adjusted, may be held in place by solder
or cement.
There is capacitance between any two wire leads which run to
the terminals of an inductor or acapacitor. This lead capacitance
always is part of the tuning capacitance for the circuit. Moving
the leads farther apart lessens the capacitance and raises the
resonant frequency, while moving them together increases capacitance and drops the frequency. If the leads are close together,
say within one-eighth inch, a small change of spacing makes a
zonsiderable change in the resonance value at high frequencies.
Several different means for adjustment of inductance and
capacitance may be found in a single tuner. One method may be
used for low-band inductors and another for high-band inductors.
or more than two methods may be employed in different circuits
or for different channels.
Tuning Wand.—Sometimes there is a question as to whether
inductance or capacitance in a tuned circuit should be increased
or decreased to make the circuit resonant at a certain frequency
or to change a response in some desired manner. The question
often may be answered by using a tuning wand which consists

ALIGNMENT OF TUNERS

171

of an insulating rod with a powdered iron slug on one end and
on the other end a slug of non-magnetic metal such as brass,
copper, or aluminum.
Bringing the iron end of the wand close to or into the end of a
tuning inductor increases the inductance, while the non-magnetic
end decreases the inductance. The wand is used while feeding into
the tuned circuit or amplifier a signal at the desired frequency,
and observing the response on an oscilloscope or electronic voltmeter. If the iron end of the wand causes the response to increase,
the tuned circuit needs more inductance or more capacitance.
If the non-magnetic end causes an increase of response the circuit
needs less inductance or capacitance. If neither end of the wand
causes appreciable change when brought fairly close but not into
the inductor, the circuit needs no change of inductance or capacitance and already is resonant at the applied frequency.
Tuning wands may be purchased at small cost. One may be
assembled from the iron core of a discarded coil, any cylindrical
piece of non-magnetic metal, ashort length of insulating rod, and
cellulose tape to hold the parts together and cover the metal ends.
For use around television inductors the diameter should be
between 1/8 and 3/16 inch.
Matching of Generator Impedance.—When aligning or testing
the tuner section the input from the signal generator or generators is connected to the antenna terminals of the receiver, the
terminals to which a transmission line connects for normal
reception. When the receiver is one designed to operate from a
300-ohm balanced transmission line it is desirable that the output
impedance of the generator be matched as closely as possible to
this 300-ohm input impedance of the receiver. Otherwise there
will be standing waves and reflection losses at certain frequencies. Some generators have output terminals between which
Gene rotor
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there is an nnpedance of 300 ohms, or have aswitch for providing
this output impedance. Other generators should be used with an
impedance matching pad or network between their output and
the antenna terminals of the receiver.
An impedance matching pad may be made up from 1/4-watt
carbon resistors as shown at the left in Fig. 8-6. The accompanying table lists resistance values suitable for use with generators
having various output impedances.
Generator Output
Resistors Ra
Resistor Rb
Impedance
(each unit)
130 ohms
100 ohms
120 ohms
91 ohms
75 ohms
130 ohms
56 ohms
50 ohms
130 ohms
31 ohms
30 ohms
150 ohms
With these resistance values the impedance presented to the
generator will be slightly greater than its own output impedance,
and the impedance on the receiver end will be approximately 300
ohms. The resistances used are standard or preferred values
which are readily available.
During some tests it is desirable to simulate a weak signal
from the antenna or to have a weaker signal than available with
the generator attenuator turned all the way down. The weak
signal may be secured with one or more sections of attenuator
pad as shown at the right in Fig. 8-6. Values of Ra and Rb are
the same as in matching pads previously described. Instead of
using the unbalanced H-pad as for matching, the attenuator
sections consist of balanced pads with equal values of series
resistors Ra on both sides of the shunt resistor Rb. For use
between the transmission line and receiver terminals connect
the line to the left-hand ends of resistors Ra. That is, terminate
the net on its input side with resistors Ra. For use between a
generator and the receiver, terminate the net on its left-hand
input side with a shunt resistor Rb and connect the generator
across this resistor.
R-f and Antenna Alignment.—Alignment of a tuner includes
two major operations. One consists of adjusting the coupling
which is between the r-f amplifier and mixer, also the coupling
between antenna and r-f amplifier if this coupling is tuned. The
second operation consists of aligning the circuit of the r-f °sell.
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lator. If both operations are required they might be performed
together, channel by channel, while using the generator frequencies for each channel. However, because of differences in
methods for the two operations, we shall first consider the adjustment of r-f and antenna couplings, later taking up the matter of
oscillator alignment.
With signal input to the antenna terminals and output
measured at the mixer, the r-f response may be double-peaked
as at the left in Fig. 8-7, or broadly single peaked as at the right,
or it may be nearly flat topped. In any case there must be sufficient band width to accommodate both the video carrier and
sound carrier at reasonable levels on the response. This means,
in general, that both these carrier frequencies must come somewhere between the peak or 100% response and a point no lower
than 70% of maximum. So long as this primary requirement is
met, it is desirable to have maximum possible gain. If the response
is double-peaked the dip or valley between peaks must not drop
lower than 70% of maximum gain. For most receivers it is desirable that both the video and the sound carriers be at points of
approximately equal gain. Sometimes the sound carrier has to be
a little higher than the video carrier, but not more than 20%
higher.
It is evident from Fig. 8-7 that, to accommodate both carriers
as specified, the total width of the response from zero to zero
will be much more than the width of a channel. Unless the freVideo
I
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Fig. 8-7.—R-f responses may be double-peaked, broadly siaide-peaked.
or may be flat-topped.
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quency swing of the sweep generator can be made at least 10 mc
it seldom will be possible to bring both sides of the response onto
the oscilloscope screen. Most often, the center of the response
curve is to be midway between the video and sound carriers, as
shown in the diagrams, but sometimes it is at the center frequency of the channel. This will bring the sound carrier somewhat lower down than the video carrier. What has been said
about r-f responses applies whether the receiver sound section
operates on the sound intermediate frequency or on the intercarrier beat frequency.
In many receivers the r-f band width is fixed by construction
and initial factory adjustment of coupled circuits. In others it
is possible to vary the band width by changing the degree of
mupling. The closer the coupling, as between the r-f amplifier
plate circuit and mixer grid circuit, the greater will be the band
width but the less the gain at the peaks. If there is inductive
coupling between coils in the two circuits, moving the coils
closer together usually increases the coupling but may decrease
it if the coils are wound opposing.
Windings in an overcoupled transformer most often are separately tuned to the same frequency, about midway between the
video and sound carriers. This is done by detuning one winding
or shunting it with about 300 ohms resistance while the other
winding is adjusted for resonance. Then the first winding is
detuned or shunted while the second is adjusted for resonance
at the same frequency. If the coupling is adjustable it then is
varied to bring the response peaks into the desired relation to
the two carrier frequencies.
When there is capacitive coupling between two tuned circuits
an increase of capacitance broadens the band and drops the gain.
In some receivers the coupling capacitance is only that between
two lengths of wire, one in each circuit. Changing the separation
between these insulated wires varies the coupling.
R-f Alignment with Oscilloscope.—Following are the steps for
observation of the response from the antenna input terminals
through the mixer by using the oscilloscope as an output
indicator.
1. If the automatic gain control operates on the r-f amplifier,
override the control voltage by means of a battery adjusted for
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a fixed bias of 2 to 4 volts, as described in connection with video
i
-f alignment.
2. Remove the r-f oscillator tube from its socket if this tube is
not on aseries heater string. If the heater is in series, cut out the
oscillator by connecting afixed capacitor of about 0.001 mfd from
its grid to ground.
3. If there are traps on the antenna input or on the r-f amplifier circuits these traps should be detuned well beyond any television frequencies or else shunted with fixed resistors of about
1,000 ohms resistance.
4. It may or may not be necessary to detune the coupling
between mixer plate and the first video or video-sound i
-f
amplifier. To avoid possible effect on the r-f response, it is well
to connect between the first video i
-f control grid and ground a
fixed capacitor of between 0.0005 and 0.001 mfd capacitance.
5. Connect the sweep generator to the antenna terminals of
the tuner. If there is a length of transmission line or cable
between the tuner terminals and the receiver terminals to which
the transmission line normally is connected, it is advisable to
connect the generator directly at the tuner and to temporarily
disconnect the short length of line from the tuner. If this length
of line cannot be disconnected from the tuner, connect the generator to the external receiver terminals and work through the
short connection to the tuner.
If the receiver is designed for a 72-ohm coaxial transmission
line or cable, connect the high side of the generator output to the
antenna terminal of the receiver and connect the shield of the
output cable to the ground terminal. If the receiver is designed
for a 300-ohm balanced line, and the generator does not have a
300-ohm balanced output, use an impedance matching pad as
described earlier in this chapter.
Tune the sweep to acenter frequency which is midway between
the limiting frequencies for each channel aligned, or to a frequency about 0.5 mc higher. Set this generator for a wide sweep,
10 mc or more. The center frequency and sweep width may be
readjusted later to best suit the response on each channel.
6. Couple the marker generator very loosely to the antenna
terminal of a receiver designed for 72-ohm input or to either of
the antenna terminals for a 300-ohm balanced input. Coupling
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methods were described in connection with alignment of video
i
-f amplifiers. The signal which reaches receiver circuits from
the marker generator must be the weakest which will produce
pips barely visible on the trace. Use the marker generator
unmodulated.
7. The vertical input of the oscilloscope may be connected to
any one of several points. When the mixer tube is a triode the
usual connection of the scope is to the grid circuit of the mixer.
This connection should not be made directly to the grid pin or
grid terminal of the socket, rather to some point removed from
the grid by several thousand ohms but still well above the ground
connection of the grid resistor. Suitable test jacks or clips are

7
Fig. 84.—Oscilloscope c
cted to
grid resistor of o triode mixer.

Fig. 8 9. Oscilloscope
cted to
the screen grid of a pentode mixer.

provided on some receivers. In addition to the resistance in the
grid circuit there should be at least 10,000 to 20,000 ohms in a
resistor connected in series with the oscilloscope cable. Such
resistance is provided when using the filter probe described
earlier. The connection is shown by Fig. 8-8.
On some receivers using a triode mixer a satisfactory response
is obtained by connecting the oscilloscope into the mixer plate
circuit. This connection should be below the plate load, which
may be a transformer primary or a coupling coil, but above the
decoupling resistor and capacitor on the line going to B+.
When the mixer tube is a pentode the oscilloscope may be
connected to the screen grid of this tube to give a satisfactory
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oscilloscope trace with most tuners. With a pentode mixer it is
possible also to use the same oscilloscope connections as mentioned for triode mixers. Connection to the screen grid is shown
by Fig. 8-9. It should be directly to the screen terminal of the
socket or to the screen pin of the tube, not to any point beyond
a decoupling resistor or capacitor in the screen circuit.
8. When the generators and scope are connected for signal
input and output, make sure that there are secure connections
from all ground terminals on the instruments and from the
receiver chassis to a common ground. Leave the contrast control
in its usual operating position. Set the channel selector for the
first channel to be aligned, this depending on construction of
the tuner as described in earlier pages. Turn on the instruments
and the receiver, then allow a warm up period of at least 15
minutes before commencing any adjustments.
9. Align trimmer capacitors, coil slugs, or other types of inductance and capacitance adjustments in antenna and rf-mixer
couplings to obtain desirable response. If the marker generator
provides only one frequency at a time, tune this generator alternately to the frequencies of video and sound carriers in the
channel being aligned. The response must be shaped to bring
both markers within the limits discussed in connection with
Fig. 8-7. Keep in mind that adjustment of any one inductor
affects Chiefly the amplitude or gain at the frequency to which
that inductor is tuned. One inductor may affect the peak for the
video carrier and another inductor may affect the peak for the
sound carrier. Unless you have detailed instructions relating to
a specific receiver being handled, some trial and experiment will
be necessary to determine the effect of various adjustments on
the response. Adjustments which affect the degree of coupling
between tuned circuits always affect the band width primarily,
and also affect the gain to some extent.
10. With alignment completed for the first channel, set the
channel selector for the next channel which should be aligned
and proceed as before—being careful to use video and sound
carrier frequencies for the channel being worked on. After aligning all channels for which there are adjustments, change the
channel selector and marker frequencies through all the channels
for a re-check and touch-up adjustments where needed.
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The accompanying table lists video and sound carrier frequencies, also the channel limit frequencies, for all channels in
the low and high bands. Although channel 1 is not in use, its
frequencies are included because they may be needed for a
preliminary setting on some tuners.
Notes: Should the response persist in showing dips at some
frequencies, rather than being a relatively smooth curve, this
may be due to the effects of traps on the antenna or r-f circuits.
These traps should be detuned as explained earlier. Dips may
result also from absorption and attenuation in the control grid
circuit of the first video i
-f amplifier. This trouble may be prevented by connecting a fixed capacitor of 0.0005 to 0.001 mfd
from the control grid of the video i
-f amplifier to chassis ground,
or possibly by connecting a similar capacitor from the mixer
plate to ground when the oscilloscope is not connected to the
mixer plate circuit.
CHANNEL FREQUENCIES, MEGACYCLES

Channel
Frequency
Video
Sound
No.
Limits
Carrier
Carrier
1
44 - 50
45.25
49.75
2
54 - 60
55.25
59.75
3
60 - 66
61.25
65.75
4
66 - 72
67.25
71.75
5
76 - 82
77.25
81.75
6
82 - 88
83.25
87.75
7
174 -180
175.25
179.75
8
180 -186
181.25
185.75
9
186 -192
187.25
191.75
10
192 -198
193.25
197.75
11
198 -204
199.25
203.75
12
204 -210
205.25
209.75
13
210 -216
211.25
215.75
Always align the tuner with all its shielding in place, if this is
possible. A duplicate shield with cutouts for reaching adjustments may be used during alignment. If a shield cannot remain
in place, always make a re-check of the response on all channels
after the regular shield has been put back.
For making tuner adjustments use only screwdrivers or
wrenches made entirely of hard fibre or plastic. Even a small
metal tip may upset the tuning.
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It-f Trap Alignment.—Traps on the antenna input or on the
r-f amplifier grid circuit are used for reduction of interference.
The interference may come from nearby amateur transmitters,
from f-m broadcasters if evident on low-band channels, from a
sound carrier on channel 7 if interference is only on channel 5,
from asound carrier on channel 10 if interference is on channel 6,
from aircraft beacons and landing guides, and from any other
signals whose fundamental frequency or a strong harmonic
comes within the reception range of some channels.
If the interfering frequency is known, the trap or traps may
be adjusted by using a signal generator and electronic voltmeter
as described later. If the interfering frequency is not known the
trap adjustment may be made with the receiver operating and
connected to a regular antenna. To make such an adjustment
proceed as follows:
1. Set the channel selector to the channel on which interference
is most evident and bring in a picture or test pattern by usual
adjustment of contrast, brightness, and fine tuning controls.
2. If there is only a single trap circuit, adjust it for minimum
interference. If there are two trap circuits, as with one on each
side of a 300-ohm balanced antenna input, both traps are adjusted together and in the same direction to leave minimum
interference. Then turn either adjustment about a half turn
clockwise or counter-clockwise, and readjust the other side for
further reduction of interference if possible. If there is further
reduction, turn the first trap adjustment farther in the original
direction and again readjust the second one. If this alternate
adjustment increases the interference, start over again by turning the first adjustment a half turn in the opposite direction and
then try readjusting the second one. Continue thus until there is
least possible interference.
For trap adjustment with instruments the method is as
follows :
I. Set the channel selector to the channel where interference
is expected or is most evident.
2. Connect an electronic voltmeter from the high side of the
video detector load resistor to ground, using a low-voltage d-c
scale.
3. Connect a marker type constant-frequency signal generator
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to the antenna terminals of the tuner or receiver. Unless the
generator output impedance matches the tuner impedance use
amatching pad of the type shown in Fig. 8-6. Tune the generator
to the interfering frequency.
4. Adjust the trap or traps for minimum reading on the voltmeter. With two trap circuits follow the method of alternate
adjustment described for alignment on a station signal.
Effects of Oscillator Frequency.—Fig. 8-10 illustrates how
intermediate frequencies actually applied to a video i
-f amplifier
will vary with changes of frequency in the r-f oscillator. To have
definite frequency values for our examples we shall assume
operation on channel 3 where the video carrier frequency is
61.25 mc and the sound carrier frequency is 65.75 mc. The video
i
-f amplifier is designed for and correctly aligned for a sound
intermediate of 22.1 mc and a video intermediate of 26.6 mc.
To provide these correct intermediate frequencies the r-f oscillator must be tuned to 87.85 mc for channel 3. Then the sound
and video intermediate frequencies will be at the points shown
on the response curve at the top.
Now we shall assume further that the sound section operates
with the sound intermediate frequency as its center frequency,
and has an effective band pass of about 200 kc or 0.2 mc. With
conditions shown by the upper curve the sound intermediate freOsc.= 87.85mc

Video IF
26.6 mc

Sound IF
22.1 mc

Osc

22.6

Osc. 87.35

88.35

271

21.6

Video

261

8-10.—How r-f oscillator frequency affects actual video and sound
intermediate frequencies produced by the tuner.
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quency falls in the center of this sound i
-f band pass, and the
video intermediate frequency is half way down on the highfrequency slope.
In the curve at the lower left the oscillator frequency has been
raised one-half megacycle, to 88.35 mc. Subtracting the carrier
frequencies from this high oscillator frequency shows that the
sound intermediate from the mixer now is 22.6 me and the video
intermediate is 27.1 mc. This sound intermediate is completely
outside the band pass of the sound i
-f amplifier, and there will be
no reproduction of sound. The actual sound intermediate frequency is now too high on the gain curve, and resulting excessive
amplification is likely to bring sound bars into the picture.
At the same time, the actual video intermediate frequency falls
too low on the response. Low video frequencies will be poorly
reproduced, making a dull and lifeless picture. The lack of low
frequency gain is likely to cause loss of synchronization or
difficulty in adjusting the hold controls.
If the center frequency for the sound section is the intercarrier
beat of 4.5 mc the high oscillator frequency will cause the same
troubles as mentioned on the video i
-f side. There still will be a
4.5 mc intercarrier beat for sound, but the sound portion of this
signal is so strong as to cause a strong buzzing sound from the
loud speaker, and usually there will be sound bars in the picture.
The curve at the lower right in Fig. 8-10 shows what happens
when the r-f oscillator frequency is lowered by a half megacycle,
to 87.35 mc. If the center frequency for the sound section is the
intermediate frequency from the mixer we again find this frequency completely outside the band pass of the sound i
-f amplifier, and there will be no reproduction of sound. With an intercarrier sound system the sound may be weak and require high
settings of the volume control, but sound reproduction may be
acceptable unless the oscillator is very far off its frequency.
With the oscillator frequency too low, the video intermediate
frequency falls too high on the response curve. There is excessive
gain at low video frequencies. The effective band pass of the
video i
-f amplifier has been reduced, there is lack of gain at high
video frequencies, and pictures lack definition.
If there is a fine tuning control it may be possible to adjust
it to correct the faults of incorrect oscillator alignment on some
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channels or possibly on all channels if oscillator alignment is not
too far off on some of them. A fine tuning control shifts the actual
intermediate frequencies on the video i
-f response just as does
oscillator tuning. If the incoming signal is weak it is quite
probable that the fine tuning may be adjusted for either satisfactory sound or for satisfactory pictures, but not for both at
once when the r-f oscillator is out of alignment.
The maximum shift of frequency produced by adjustment of
the fine tuning control is least on the lowest-frequency channel
and greatest on the highest-frequency channel, this because the
capacitance range of the fine tuning control makes a greater percentage variation of frequency at high frequencies than at low
ones. This control often will overcome oscillator misalignment on
high channels, but not on low ones.
Oscillator Alignment for Sound Intermediate Frequency.—
With receivers using the sound intermediate frequency as the
center frequency in the sound section the r-f oscillator usually is
aligned on a signal introduced at the antenna terminals and
measured at the sound demodulator or at the loud speaker. This
method is satisfactory because of the narrow band pass in the
sound i
-f amplifier. Unless the r-f oscillator is aligned almost
exactly to its correct frequency, a signal introduced at the sound
carrier frequency for a channel will not come through this narrow band pass, and when a maximum signal output is secured it
may be assumed that the r-f oscillator is correctly aligned for the
channel. When the oscillator is correctly aligned on a sound
signal it must be correctly aligned for the video signal in the
same channel, since the constant separation of 4.5 mc between
sound and video is fixed by the carrier frequencies.
A fairly accurate oscillator adjustment often may be made as
follows:
1. Carefully tune in any transmission which is carrying a test
pattern and accompanying constant frequency audio tone.
2. Adjust the oscillator slug or other alignment device for the
tuned channel to secure maximum sound from the loud speaker.
During this adjustment the fine tuning control, if there is one,
should be set near the center of its range and the contrast control
should be in its usual operating position.
3. Instead of relying on audible sound, an ordinary a-c outind
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meter such as used in sound receiver alignment may be connected
to the audio amplifier output. Then the r-f oscillator is aligned
for maximum meter reading with a low setting of the sound
volume control.
4. Repeat the process on all channels in which suitable transmissions are available.
R-f oscillator alignment by means of instruments usually is
carried out as shown by Fig. 8-11, employing a constant-frequency marker type general to supply the input signal, and an
electronic voltmeter as output indicator. The steps are as follows:
1. Use fixed biases from batteries to override the automatic
gain control for the tuner and video i
-f amplifier, and the automatic volume control if one is included in the sound system.
2. If there is a fine tuning control set it at the approximate
center of its range and leave it there during all adjustments.
3. Place the contrast control in its usual operating position.
4. Connect the constant-frequency marker type generator
across the two antenna terminals for a balanced line, or between
either terminal and chassis ground, or, where the terminals are
for an unbalanced line, connect the generator to the antenna
terminal and to chassis ground. Use this generator unmodulated.
Electronic

Voltmeter

Marker Type
Generator

_-----

Sound
l-F

Video Sound
l
- F Amp.

Video
l-F

Demod ul ato r

A-F
Amp

Video
Det'r

8-11.—R4 oscillator alignment by means of o signal put through ib.
sound section.

5. The electronic voltmeter may be connected in any of the
ways which were described in connection with alignment instructions for sound systems. These ways include:
a. To the balanced output of the sound demodulator just ahead
of the de-emphasis filter. This is in the line carrying demodulated
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or a-m signals to the first audio amplifier. Oscillator alignment
then will be for zero reading on the voltmeter.
b. To any point of unbalanced output of the sound demodulator,
which would be to the center tap between discriminator load
resistors, or on the lines connected to the output cathode or plate
of aratio detector. Oscillator alignment then will be for maximum
reading on the voltmeter.
c. Across the limiter grid resistor in sound systems which
include a limiter tube. Alignment then is for maximum meter
reading.
6. Sound system couplers and demodulator transformer should
be in reasonably good alignment. If there is any doubt of this,
make a check according to methods described in the chapter on
sound system alignment.
7. Set the channel selector for the first channel to be aligned.
Which channel this is may depend on the electrical design and
construction in the tuner, as previously explained. When there
can be no effect on other channels of adjustment in any one
channel, any convenient order may be followed.
8. Turn on the generator, the voltmeter, and the receiver. Let
them warm up for at least 20 minutes before changing any
çtdjustments.
9. Tune the generator precisely to the sound carrier frequency
of the channel to be first aligned.
10. Adjust the oscillator inductance or capacitance for the
tuned channel to produce either zero reading or maximum reading on the voltmeter, according to where the voltmeter is
connected as explained in preceding step 5.
11. Retune the generator to the sound carrier frequency of
each other channel for which there is an oscillator adjustment,
set the channel selector for the same channel in each case, and
adjust the oscillator tuning for that channel to produce the
required zero or maximum reading on the meter.
12. After all channels have been aligned, re-check all of them
by making necessary changes in channel selector setting and
generator tuning.
Instead of using the constant-frequency generator and electronic voltmeter for r-f oscillator alignment it is possible, as in
Fig. 8-12, to use the sweep and marker generators and the oscil-

ALIGNMENT OF TUNERS
Sweep

185
lioscope

Osci

Marker

VERT

1Sound
IF
ANT. Tuner

H

Video-Sound
I-F Amp.

Demodula tor

A- F
Amp.

¡Video 1Video
IF
Deer

Fig. 8-12.—Oscillator alignment by means of an S-curve taken from the
output of the sound demodulator.

loscope. Many of the steps are like those in the preceding method.
For preliminaries, follow steps 1, 2 and 3 of that method. Continue as follows:
4. Connect the sweep generator to the antenna terminals or
to the antenna and ground terminals of the tuner or receiver.
Couple the high side of the marker generator to either antenna
terminal, using very loose coupling. Connect the ground of the
marker to chassis ground.
5. Connect the oscilloscope to the balanced output of the sound
demodulator, which is just ahead of the de-emphasis filter carrying the a-m signal to the audio amplifier.
6 and 7. Same as similarly numbered steps in preceding
method.
8. Turn on all the instruments and the receiver. Let them
warm up for at least 20 minutes.
9. Set the sweep center frequency to approximately the center
frequency of the channel to be first aligned. Use a wide sweep.
Tune the marker generator precisely to the sound carrier frequency of this channel. The demodulator S-curve should appear
on the scope. If necessary, readjust the sweep center frequency
and width to produce a suitable curve.
10. Adjust the oscillator tuning for the channel being aligned
to bring the sound marker to the exact center of the S-curve, or
to the crossover point if you are using the oscilloscope to produce
such a curve.
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11. Proceed similarly to align the oscillator on all other channels for which there are adjustments, retuning the sweep and
marker generators for each channel. After all channels are
aligned, check through them once more.
Oscillator Alignment with Intercarrier Sound.—When the receiver employs intercarrier sound it is impossible to make accurate oscillator alignment through the sound system because
there is no narrow band pass centered on the sound intermediate
frequency. Fig. 8-13 shows the generally used method for oscillator alignment when there is an intercarrier sound system.
Sweep and marker generators provide the input. An oscilloscope
is used to produce atrace on which alignment will place in their
correct positions either asound marker, avideo marker, or both.
Following are the steps in making this type of oscillator
alignment:
1. As for other methods of oscillator alignment, override the
automatic gain control with afixed bias from a battery. If there
Sweep

Marker

Oscilloscope

Fig. 8-13.—Oscillator alignment on receiver employing on intermit« sound system.

is a fine tuning control, set it at the approximate center of its
range and leave it there during the entire alignment process.
Place the contrast control in its usual operating position.
2. Connect the sweep generator to the antenna terminals or
the antenna and ground terminals of the receiver, using an
impedance matching pad when the generator does not have
suitable output impedance.
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3. Loosely couple the marker generator to either antenna
terminal of the tuner or receiver, or to the single antenna
terminal, and connect the shield side of the generator cable to
chassis ground. Use the marker unmodulated.
4. Connect the vertical input of the oscilloscope to the high
side of the video detector load resistor, exactly as for observation
of the response from a video i
-f amplifier. The video i
-f amplifier,
also the r-f section of the tuner, should be in reasonably good
alignment. They should be checked if there is any doubt on this
score.
5. Set the channel selector for the first channel to be aligned,
this depending on the electrical design and construction of the
tuner. If there can be no interaction between oscillator inductors,
any order may be followed.
6. Turn on all the instruments and the receiver. Let them
warm up for at least 20 minutes before making any adjustments.
7. Set the sweep center frequency to approximately the center
of the channel to be first aligned. Use a wide sweep. A typical
video i
-f response curve should appear on the screen of the
oscilloscope. If necessary, readjust the sweep center frequency
and width to obtain this trace.
8. Tune the marker generator precisely to the video carrier
frequency of the channel being aligned. The video marker should
appear in its correct position on the high-frequency side of the
trace, this position having been discussed in connection with
video i
-f alignment. If the marker is not correctly placed, adjust
the oscillator tuning to bring it there.
9. Retune the marker generator precisely to the sound carrier
frequency of the same channel. The sound marker should appear
in its correct position on the trace, according to the discussion
of video i
-f alignment with intercarrier sound systems. To make
the sound marker more clearly visible, the trace may be enlarged
by using the oscilloscope gain control, and shifted toward the
sound side by using the horizontal centering control. The sound
marker will become more apparent when using a very low output
from the sweep generator and reducing the marker output until
there is no distortion of the trace.
If desired, steps 8 and 9 may be reversed to first check the
sound marker and then the video marker.
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10. Retune the sweep and marker generators, and set the
channel selector, for each other channel on which there are
adjustments for the oscillator. Check the sound and video
markers on each channel, and align the adjustments when required. When all adjustments have been completed, check the
positions of the markers for all channels, whether or not adjustments have been made in all channels.
An approximate oscillator adjustment may be made for channels in which nearby stations are operating by using an electronic
voltmeter as the only instrument. The method is as follows:
1. Connect the electronic voltmeter input terminal to the high
side of the video detector load resistor.
2. Set the channel selector for the first channel to be aligned.
This must be a channel on which a station is furnishing a test
pattern, not a picture.
3. Place the contrast control in its usual operating position, or
about three-fourths of the way up.
4. Adjust the brightness control to suit the contrast, so that
there are no white diagonal streaks on the picture tube screen.
5. Set the fine tuning control to the approximate center of its
range and do not alter this control during following steps.
6. Adjust the sound volume control for only moderate loudness.
7. Vary the oscillator tuning slug or other adjustment for this
channel in three ways:
a. Until the sound commences to get louder and the picture less
bright. Now the actual sound intermediate frequency is being
moved up on the gain curve, as at the left in Fig. 8-14, and the
actual video intermediate frequency is being moved down. The
meter reading will drop.
SoWnd

video

Video
Sound
I

Higher
Oscillator

Lower
Frequency

Fig. 8-14.--How sound and video intermediate frequencies are shifted on the
gain curve during oscillator alignment.
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b. Change the oscillator tuning in the opposite direction until
the sound becomes fainter than its original volume and the
picture becomes brighter. Now, as at the right in Fig. 8-14, the
sound intermediate frequency is moving down and off the toe
of the gain curve while the video intermediate frequency is
moving up. The meter reading will increase. Beyond a certain
point of adjustment the picture will become no brighter and the
meter reading will cease rising. The video intermediate frequency
then is on the top of the gain curve.
c. Adjust the oscillator tuning to bring the meter reading to
about half or slightly more than half of its former maximum.
The picture should be good, but not of maximum brightness. It
should be possible to make the sound of any reasonable intensity
by manipulation of the sound volume control.
8. Repeat these tests and adjustments on other channels in
which stations are operating.
An oscilloscope may be connected to the video detector load
resistor instead of using the electronic voltmeter. With the
internal sweep of the scope set for 30 cycles per second the trace

Fig. 11-15.—Height of the piture and sync signal well vary during
oscillator adjustment.

will show picture signals and vertical blanking as in Fig. 8-15.
The height of the trace, dimension E, will increase as the video
intermediate frequency is moved up on the gain curve by
adjustment of oscillator tuning.
Overall Check.—After any alignment has been made in the
r-f couplers, the oscillator, or the video i
-f amplifier, there should
be a final check with signal generator input to the antenna
terminals of the tuner or receiver and with output observed at
the video detector. As with other alignment procedures, the
automatic gain control should be overridden with a fixed bias
from a battery, a fine tuning control should be kept at the approximate center of its range, and the contrast control should be
in its usual operating position.
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The sweep generator should be connected to the antenna
terminals, and used with a wide sweep to cover each channel as
checked. The marker generator is very loosely coupled to one of
the antenna terminals. The marker is used without modulation
for checking the video and sound intermediate frequencies on
the response curve, but may be temporarily modulated from time
to time while checking relative sound volumes at the loud speaker.
A-m sound will come through the f-m sound section when the

fig. 8-16.—Overall responses for various channels in a single receiver.

signal is applied in this manner. The oscilloscope is connected to
the high side of the video detector load resistor. The trace will
be the video i
-f response and will show dips which are due to any
traps in the r-f and video i
-f sections.
Every channel should be checked, even though there are no
r-f or oscillator adjustments for some of them. With the marker
tuned precisely to the video carrier frequency for the channel,
the pip should show at apoint 40 to 50 per cent down on the high
frequency slope of the response. With the marker tuned to the
sound carrier frequency for the channel, the pip should show on
the low-frequency end of the response, or should be visible on
either side of any dip caused by traps for accompanying sound.
The response traces will not be of exactly the same shape for
all channels. The response of the video i
-f amplifier remains
unchanged. but when the signal applied to this amplifier comes
through the tuner, all the variations of r-f responses on different
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channels are magnified or subdued by gain in the video i
-f amplifier. Overall responses of such shapes as shown in Fig. 8-16 may
be expected on different channels with the same receiver. No
matter what the shape of the overall response, the video i
-f
marker should be about half way between the peak and zero and
the sound i
-f marker should be on the opposite toe of the curve
as required by the type of sound system used.
Oscillator alignment adjustments may have to be retouched on
some channels to bring markers where they belong for those
Sweep

Marker
Oscilloscope

Fig.

8-77.—latroducin g marker

frequencies at the mixer tube and sweep
frequencies at the antenna terminals.

channels or on other channels affected by a single adjustment.
R-f adjustments for individual channels may need similar retouching. If marker positions are incorrect on all channels, and
always in the same direction, the indication is that one or more
overall adjustments need attention or that the video i
-f amplifier
is aligned for the wrong video and sound frequencies.
If you have no marker generator which will furnish the high
frequencies for video and sound carriers it is possible to carry
out the overall check with a low-frequency marker generator
coupled to the mixer control grid as in Fig. 8-17. This marker
is tuned to the video intermediate frequency and then to the
sound intermediate frequency as each channel is tested. The
sweep generator must remain connected to the antenna terminals
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in order that the r-f stages may have their effect on the overall
response.
The final step in every overall checkup is observation on the
picture tube of a regularly transmitted picture or, much to be
preferred, a transmitted test pattern. If possible, observe test
patterns on more than one station. Local conditions may prevent
good reception in some channels and not in others. No matter
how correct the adjustments may seem when checked with instruments, if a test pattern cannot be received with good definition and satisfactory shading the adjustments actually are
incorrect and must be gone over again.

Chapter 9
VIDEO DETECTOR AND AMPLIFIER
The video detector most often consists of one section of a twin
diode tube, although a number of receivers employ a crystal
diode for this purpose. The diode detector, of either kind, acts
on the amplitude-modulated video signal just as the diode detector in a standard broadcast sound receiver acts on the
amplitude-modulated sound signal. The detector demodulates the
video intermediate frequency coming from the last i
-f coupler
and delivers the envelope which consists of sync pulses and of
video frequencies for the picture. This envelope is the composite
television signal which, as explained earlier, is applied to the
White
Black
.Grid

Video Amp.

+
Modulated

\f\ fi

White

l
if Black

IF
Grid

Detector

1st.
Video
Amp.

Video
Output

9-1.—Signal polarities between detector and picture tube whoa ¡esp.,'
is to the grid of the picture tube.
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picture tube grid-cathode circuit and also to the sync section.
Suitable biasing of the picture tube cuts off the sync pulses and
leaves only the picture elements of the signal. In the sync section
the operating voltages and biases are such as to cut off the
picture elements and leave only the sync pulses.
Signal Polarity.—Fig. 9-1 shows a composite signal applied to
the control grid of the picture tube. For light tones in the picture
the grid must become more positive or less negative. This increases beam current and brilliancy on the screen. Consequently,
in the signal reaching the picture tube grid, the picture elements
must be positive and the sync pulses negative. Between the
picture tube and video detector must be at least one video amplifier. Signal polarities are inverted in passing through any amplifier. Then the signal at the control grid of the video amplifier
must have the picture elements negative and the sync pulses
positive in order that these two may be right side up at the
picture tube. This inverted signal is shown on the line to the
control grid of the video amplifier.
Now look at the left-hand side of the upper diagram in Fig.
9-1. There we have the modulated intermediate frequency with
its upper and lower envelopes, one of which is to be recovered
in the detector output. If this intermediate frequency is applied
to the plate of the detector the upper envelope will make the
plate positive with reference to the cathode. Then this envelope
will cause conduction in the detector, and in the output will
appear the upper or positive envelope. This is the envelope re-.
quired when there is only one video amplifier and when the
signal is applied to the picture tube grid.
The lower diagram of Fig. 9-1 shows what happens with two
video amplifiers when the signal is applied to the control grid
of the picture tube. There must be one extra inversion of signal
polarity. To obtain this extra inversion we must recover the
lower envelope of the i
-f signal. This negative envelope is recovered by applying the i
-f signal to the detector cathode. The
negative side of the i
-f signal makes the cathode negative with
reference to the plate, and there is conduction on this side.
Fig. 9-2 shows the composite signal applied to the cathode of
the picture tube. In order that white portions of the signal may
increase beam current and brilliancy on the screen these white
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portions must make the cathode more negative, for this has the
same effect as making the grid more positive or less negative.
Then the signal must reach the cathode with the white level
negative and the black level and sync pulses positive.
If there is but one video amplifier the signal needs inversion
only once, which means that in the detector output the picture
elements must be positive and the sync pulses negative. We
learned from the preceding diagram that such a detector output

Detector

.
4. W

Block

_

White

Video Amp

_efeiLiwE,,il,,,.I,
+

Detecto

+

ICI

1st. Video

Video Output

Fig. 9-2.—Signal polarities when input is to the cathode of the picture tube.

is secured by applying the i
-f signal to the detector cathode, as
in the upper diagram of Fig. 9-2.
With two video amplifiers, and signal input to the picture tube
cathode, there is required one more inversion, which is secured
by applying the i
-f signal to the detector plate. This is shown by
the lower diagram.
To determine signal polarities at various points between detector and picture tube consider first whether the input is to grid
or cathode of the picture tube. This tells whether the white level
must be negative or positive at this tube. Then go back through
the video amplifiers, with each amplifier inverting the signal.
When reaching the detector output the upper or positive side of
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the envelope will be recovered if this signal is applied to the
detector plate, which must be positive in order to have conduction. The lower or negative side of the envelope will be recovered
if the i
-f signal is applied to the detector cathode, which must be
negative to have conduction.
Detector Circuits.—Fig. 9-3 shows detector circuits quite
generally used where the i
-f input is to the detector plate and
output from the cathode. Inductors La and Lb are series and
shunt peaking coils which help maintain good response at the
higher video frequencies. Sometimes only one of these inductors
is used. Resistor Ro is the detector load resistor, usually of some
value between 3,000 and 8,000 ohms. This low resistance is
necessary because of the shunting effects of tube capacitances
whose low reactance at the high frequencies must be compensated for by the low load resistance.
In the left-hand diagram there is direct conductive connection from detector cathode to video amplifier control grid. Nega-

IF

Video
Amp.

Video
Amp-

IF
La

-4-'\

Cc

Test
Points

w
Fig. 94.—Video detector circuits in which 1liege is to the plate efthe diode.

tive bias for the amplifier is applied at the bottom of the
detector load resistor. In the right-hand diagram there is a
coupling and d-c blocking capacitor Cc between detector and
amplifier grid. The amplifier is biased by grid rectification in
this capacitor and grid resistor Rg. Additional cathode biasing
may or may not be used.
Test points indicated in these circuits are those to which may
be connected either an oscilloscope vertical input or the high side
of the input to an electronic voltmeter. Waveforms on an oscil-
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ioscope will be those of the demodulated composite signal. Voltage on a meter will show average strength of the demodulated
signal, which here is ad-c potential varying at video frequencies.
Fig. 9-4 shows a typical detector circuit used where i
-f input
is to detector cathode and output from the plate. Inductors La
and Lb are series and shunt peaking coils, Ro is the detector
load resistor, Cc is a coupling and d-c blocking capacitor, and
cb is a bypass capacitor for intermediate frequency, which is
higher than any video frequency. Since the detector plate now
Video
Amp.
VeJ
Cb

Lb
Test
Points

IF

-e
Fig. f-4.—A doted« dray* with i
-f input to the cathode of the diode.

positive it is not conductively connected to the video amplifier
control grid. The amplifier is biased by grid rectification action
of Cc and resistor Rg. Test points shown on the load connection
are for the oscilloscope or electronic voltmeter.
Features illustrated in these detector circuits may be combined and modified in various ways without affecting general
principles of operation and testing. For example, either or both
peaking coils may have paralleled resistors, as shown on one of
them in Fig. 9-4. The load connection may either precede or
follow the series peaking coil. Resistor Rg may be a potentioreter used for contrast control much as a potentiometer is used
on the first a-f grid for volume control in sound receivers.
Crystal Detectors.—The 1N34 crystal diode used as a video
detector, and at some other places where rectification is needed,
is 7/32 inch in diameter, 3/
4 inch long, and has tinned copper
pigtails 11/
2 inches long on each end. One end is marked positive
±) to indicate the anode, which corresponds to the plate of
the diode tube. The other end is marked negative (—) to indicate the cathode, which corresponds to the cathode of a tube so
tar as conduction is concerned.
it;
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The crystal diode is used in detector circuits similar to circuits
for tube diodes. Polarities of the signal in the detector output, as
shown by Fig. 9-5, correspond to outputs from tube diodes with
respect to cathode and to anode or plate. With the i
-f input to the
IF

Output

To Video Amp. Grid
_÷

Crystal

Ile

To Video Amp.
Grid

IF

ll

94.—Signal polarities la the maple deeming diode detector.

anode (plate) of the crystal, as in the left-hand diagram, picture
elements are negative and sync pulses positive in the output.
This output polarity is the same as in the upper diagram of
Fig. 9-1 and the lower diagram of Fig. 9-2. When i
-f input is to
the crystal cathode, as at the right in Fig. 9-5, picture elements
are positive and sync pulses negative in the output. This polarity
is the same as in the lower diagram of Fig. 9-1 and the upper
diagram of Fig. 9-2.
Crystal diodes usually are mounted by soldering their pigtails
to the supports in the circuit. Do not heat the pigtails more than
necessary for agood joint, and never solder closer than 1/
4 inch
to the crystal enclosure. The condition of a crystal diode may
be chècked with an ohmmeter. With the negative of the ohmmeter to the negative end of the crystal, and positive to positive,
the "forward resistance" should be a few hundred ohms. With
the meter leads reversed on the crystal the "back resistance" will
measure nearly to infinity on a low reading ohmmeter and on
other types should be at least 125 times the forward resistance,
and preferably more than this.
Waveforms.—At every point in the receiver beyond the video
detector we may use the oscilloscope to observe signal waveforms
instead of the frequency responses observed ahead of the detector. No signal generator is needed to produce these waveforms, nor could any commonly available generator be so used.
The signals are those transmitted by television stations. Either
aprogram picture or atest pattern may be used. When employing apicture in which there is motion, the portions of the traces
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in between sync pulses weave and twist continually. These portions of the signal remain steady when there is a test pattern.
Sync pulses and blanking intervals are the same for pictures and
for test patterns.
Os cilloscope

Antenna

Video
Dete ctor
Fig. 9-6.—Coanections for observing the signal waveform at the output of
o video detector.

The first point of observation usually is at the output of the
video detector, as shown by Fig. 9-6. Proceed in this manner:
1. Connect the vertical input of the oscilloscope to the video
detector load at any of the points shown in Figs. 9-3 and 9-4.
2. Bring in a picture or test pattern on any channel. The
picture or pattern may be watched on the picture tube screen
while traces are watched on the oscilloscope screen. Keep the
contrast control as for normal reception.
Horizontal
Sync2
,d

Ve rtical Sync
.
4-,..yerti cal
Blanking

Picture
Elements
Enlarged
Vertical
Blanking
Fig. 9-7.—Signal observed between video detector ouptut and picture tub.
input with oscilloscope synchronized for 30 cycles per second.
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3. To observe the signal for two fields or one complete frame
synchronize the internal sweep of the scope at 30 cycles per
second. If sync pulses are positive in the detector output the
trace will be of the general nature shown by Fig. 9-7. The vertical blanking intervals and vertical sync pulses should be plainly
apparent, with picture elements indicated by an outlined glow
whose form depends on the shadings or content of the picture or
pattern. If the horizontal gain control of the scope is used to
enlarge one of the blanking intervals, and the horizontal centering used to keep this interval on the screen, the trace will be of
the general form shown at the lower right. Equalizing pulses
will be apparent before and after the vertical sync pulse, with
the remainder of the blanking interval filled with horizontal
sync pulses. Since we are familiar with all these features of
the composite signal it is easy to note whether they are being
correctly reproduced by the video detector and circuits preceding
it.
4. To observe the signal for two lines synchronize the internal
sweep of the scope for 7,875 cycles per second, which is one-half
the line frequency of 15,750 cycles per second. Of course, the
way to synchronize for this exact frequency is to set the timing
somewhere around 8,000 cycles, then adjust the synchronizing
control to get a steady trace. This trace should be of the general
nature illustrated by Fig. 9-8 if the sync pulses are positive in
the detector output. How well defined are the corners of the
pulses and how nearly vertical are the sides will depend largely
on the ability of the oscilloscope amplifier to handle high frequencies. It should be possible to distinguish quite clearly the
horizontal sync pulses, the pedestal at the black level, and the
horizontal blanking intervals.
.
4___H__orizontal
Sync
I4orizontal
Blanking

.4.\ ---

Picture

Elements

Fig. 84.—Signal between video detector output and picture tube input with
oscilloscope synchronized for 7,875 cycles per second.
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lf sync pulses are negative in the detector output the traces of
Figs. 9-7 and 9-8 will be inverted. They will be inverted also by
an extra vertical amplifying stage in the scope. With the scope
beam sweeping from left to right, as nearly always is the case,
earlier times are at the left and later times at the right in all
traces.
To observe the output of the video amplifier which follows the
detector, remove the vertical input of the oscilloscope from the
detector load resistor and connect it to the load resistor in the
amplifier plate circuit. The signal will be inverted from its polarity at the detector output. If the amplifier output should be
taken from its cathode rather than the plate, as where there are
remotely located picture tubes, the polarity of the cathode output
will be the same as at the detector output.
The output from an amplifier plate should be much stronger
than from the preceding detector and much stronger than at the
input to the control grid of the amplifier. To observe whether
there really is gain in an amplifier, and to check its approximate
value, first connect the scope to the amplifier input circuit and
use the vertical gain of the scope to provide a trace of small but
easily measured height. This will require using the cross ruled
graph scale in front of the screen. Then transfer the scope lead
to the amplifier output, or plate load, and note how many times
higher is this trace than the trace at the input connection. This
number of times is the approximate gain in the amplifier.
With reference to measurements of gain or increase of voltage,
unless the signal is that for a test pattern in which there are
no changing lights and shadows, there is no use of measuring
the overall height of the trace. The overall height will become
greater with a light toned picture, and less with one of dark
tone. Measurement should be made of the height of sync pulses,
from the black level to the tips of the pulses. This pulse height
is proportional to signal strength, and is not affected by the tone
of the picture. Gain measurements may be easier to make if the
scope is connected first to the amplifier output and the trace adjusted for the greatest height which can be measured. Then the
scope is transferred to the input and, without changing the
vertical gain control of the scope, the height of the input trace
is compared with that on the output.

i

---
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Waveforms may be observed by connecting the vertical input
of the oscilloscope to the cathode of an amplifier instead of into
the grid circuit or plate circuit. The polarity of the waveform
from the cathode will be the same as from the control grid circuit, since there is no inversion between grid and cathode. The
cathode waveform will be inverted with reference to the waveform from the plate of the same tube. Signal amplitude or voltage measured at the cathode will be slightly less than when
measured at the control grid.
The amplitude or voltage of waveforms from the video amplifier tubes, and at the grid-cathode input to the picture tube, will
be affected by setting of the contrast control when measurement
is made beyond the location of this control. For example, were
a contrast control to act only on the first video amplifier tube,
variation of this control would have no effect on the amplitude
of a trace taken from the detector output or at the control grid
of the amplifier. But this control would have very great effect
on amplitude of a signal taken from the amplifier plate circuit
or at any point from there on to the picture tube input. Were a
contrast control to act on the video i
-f amplifier stages, manipulation of the control would vary the amplitude of a waveform
taken from the detector output or from any point in the video
amplifier. The behavior and effects of contrast controls are easily
observed by working in the manner just explained.
Video Amplifier.—The video amplifier consists of from one
to three resistance-capacitance coupled stages with high-frequency compensation consisting of series and shunt peaking

Video
Detector
LO

Ce

,Bias

Bi-

Bias

Bi-

Fig. 9-9.—Connectionz in a typical two-stage video amplifier.
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coils and suitable load resistances. A typical circuit diagram is
shown by Fig. 9-9. In the interstage couplings are series peaking coils La, shunt peaking coils Lb, and load resistors Ro for
maintaining good response through the higher video frequencies.
Low-frequency compensation is provided by large capacitances
in the coupling capacitors Cc, and sometimes by using values of
decoupling capacitors and resistors, as at Cb and Rb, suited to
the values of grid resistance at Rg.
Everything about the video amplifier is highly critical in problems of original design. The effective band pass must extend
from around 60 cycles per second to a high limit of 4 mc or
slightly higher for picture tubes of 10-inch and greater diameters. Smaller tubes allow using narrower band widths.
Alignment of Trap for Intercarrier Beat.—In receivers which
do not employ the intercarrier sound system there may be,
somewhere in the video amplifier, a trap for the intercarrier
beat frequency of 4.5 mc. Fig. 9-10 shows such a trap in series
with the plate lead of the first video amplifier, in the coupling
between this amplifier and the video output tube. Alignment is
carried out as follows:
Generator

Detector

1st.
Video
Amp.

Oscilloscope

Video
Output

9-10.—Alignment of trop for intercarrier beat frequency.

1. Loosely couple a constant-frequency, marker type, signal
generator to the control grid of the tube preceding the trap.
Tune the generator precisely to 4.5 mc. Use tone modulation.
2. Set the channel selector for a channel in which there is no
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nearby transmission. Adjust the contrast control to the highest
point which would ordinarily be used for reception.
3. Connect the vertical input of the oscilloscope, through the
detector probe, to the plate of the tube which follows the trap,
or anywhere between the plate of this tube and the input to the
grid-cathode circuit of the picture tube. Synchronize the internal
sweep of the scope to the modulation frequency of the generator,
thus producing a trace whose height will vary with signal
strength.
4. Adjust the trap for minimum height of trace on the scope.
Increase the generator output as adjustment proceeds.
An electronic voltmeter with a high-frequency detector probe
may be used instead of the oscilloscope. The trap then is adjusted
for minimum reading on the meter with the generator output
well up.

Chapter 10
PICTURE TUBE INPUT CIRCUITS
Fig. 10-1 shows one of the simplest control grid-cathode circuits for a picture tube. The plate of the last video amplifier is
conductively connected, with no coupling and blocking capacitor,
to the control grid of the picture tube. Consequently, these two
elements in the two tubes must be at the same potential except
for the slight drop in the peaking coil. To illustrate what happens we shall assume this potential to be 100 volts, also that the
B+ supply potential for the circuit is 250 volts.
Video
Amp.
Cc

.....:Ii

100 Volts
100
volts

—

Grid

Lb

_

Cathode

Rg

Ro

+

Rd
B+

I

250 volts

200v

160 volts
10

Brightness
Control

y

•

Fig. 10-1.—Signal applied to picture tube grid through a direct
conductive connection.

The cathode of the picture tube is connected to the slider of a
potentiometer which forms one of a series of resistors between
B+ and ground. This potentiometer is the brightness control or
the brilliance control used by the operator. By moving the slider,
the cathode potential may be made anything between 200 volts
and 100 volts. It is shown as being set for 160 volts, positive with
reference to ground. Then the cathode is 60 volts more positive
than the grid of the picture tube, which is equivalent to having
the grid 60 volts more negative than the cathode, and we have a
60-volts negative grid bias. Movement of the brightness control
slider will make this bias anything between zero and 100 volts
205
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negative so far as the grid is concerned. This variation of grid
bias regulates the average value of beam current and the average
brightness of pictures on the screen.
The same general principle may be employed when the video
signal is applied to the picture tube cathode, as shown by Fig.
10-2. Now we have 160 volts positive on the video amplifier plate
and the picture tube cathode. Resistors in series with the brightness control potentiometer are of such values that movement of
the slider will make the grid potential anything between 160

1

_
Fig. 10-IA.—An all-glass rectangular picture tube.

and 60 volts. The potential on the grid is shown as 100 volts in
the diagram. Although both grid and cathode of the picture tube
still are highly positive with reference to ground, the cathode is
60 volts more positive than the grid. This is equivalent to making the grid 60 volts negative with reference to the cathode, and
again we have a 60-volt negative grid bias.
Note that moving the control slider of Fig. 10-1 to the right
reduces the negative grid bias and makes a brighter picture.
This movement brings the grid and cathode voltages more nearly
together in value. To bring the two voltages more nearly together
and thus increase brightness with the control of Fig. 10-2 the
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160 volts
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volts

Cc
—
100
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Rg

Cathode

Grid
160v
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Brightness
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y

250 volts
Fig. 70-2.—Signal applied to picture tube cathode through o
condudive circuit.

slider must be moved toward the left. This general principle of
varying the potential of either the grid or cathode in the picture
tube is employed for brightness control in the majority of receivers. The brightness control is a means for making the grid
bias of the picture tube more or less negative.
Some relations between grid bias and composite signal are
shown by Fig. 10-3. The curve shows relations between picture

Negative -I«

Grid

Bias

o
Light

Beam
Current

Cutoff
Dark

Composite
Signal
Applied
To Grid

Sync Pulses
Cut Off.
Sm.

Signal

Voltage

Fig. 10-3.—A composite signal applied to the beam-current grid-voltage
characteristic of a picture tube.

tube beam current and grid voltage just as asimilar curve might
show relations between plate current and grid voltage in an
amplifier tube. The composite signal applied to the picture tube
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grid is shown below the curve, and at the right is shown resulting beam current whose variations cause lights and shadows on
the screen.
The composite signal, as delivered in the circuits of Figs. 10-1
and 10-2, becomes more positive for light portions of the picture,
and less positive for dark portions and for sync pulses. To have
correct reproduction, the grid bias must be such as brings the
black level of the signal down to the point of beam current cutoff,
because cutoff means blackness on the screen. This is the bias
which must be produced by correct adjustment of the brightness
control.
Before considering what happens with misadjustment of the
brightness control we shall look at the grid-cathode input circuit
of the picture tube in Fig. 10-4. Here there is a coupling and
blocking capacitor Cc between the plate of the last video amplifier and the cathode of the picture tube. Consequently, the com-

7

BiFig.

17

Brightness

applied to picture tube cathode through a coupling capacitor.

posite signal reaching the picture tube cathode is not a varying
direct voltage but is an alternating voltage varying at video and
sync frequencies above and below the a-c zero value of the signal.
This is only one of the many kinds of circuits with which an
a-c signal is applied to the picture tube.
When the signal applied to the picture tube is an a-c voltage
we have the condition shown by Fig. 10-5. Whatever the grid
bias voltage may be, the zero value of the a-c signal will lie on
this bias voltage. Signal voltages on the positive side of zero
make the picture tube grid less negative than the bias voltage,
while signal voltages on the negative side make the grid more
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negative. The same thing would happen with any a-c signal
applied to an amplifier tube.
Now the grid bias must be made of a value which brings the
black level of the signal at the grid voltage for beam current
cutoff. This is the bias provided by correct adjustment of the
brightness control. Then, on the screen of the picture tube,
there will be reproduced all the lights and shadows of the picture, clear down to the black level, but the sync pulses will be
Negative
Grid Bias

Signal
On Screen
Light

Beam Current
Cut off at
Black Leve1_,

o
A-C Signal
To Picture
Tube

e

Dark
II

il

LI1
Sync Pulses'
Cut Off

fig. 70-5.—How the a-c composite signal is applied to the charm:Iodide of
the picture tube to cut off sync pulses.

cut off and will not affect the picture. We have the same result
in Fig. 10-3, but there the grid is biased beyond beam cutoff to
accommodate the d-e signal.
Supposing our signal becomes weaker, what will happen? The
answer is shown at the left in Fig. 10-6. The signal is weaker
because the sync pulses are shorter. Remember, the signal
strength is proportional to the height or the sync pulses regardless of whether the picture tones are light or dark. The average
or zero value of the signal still will ride at the grid bias voltage,
which has not been changed from its value in Fig. 10-5. But now
the lesser overall voltage swing of the weak signal brings the
black level above the beam current cutoff voltage. As a result,
only parts of the sync pulses are cut off and the remaining parts
affect beam current and affect the picture reproduced on the
screen.
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There are two possible ways of making correction for the
weaker signal. First, the brightness control may be adjusted to
make the grid bias more negative. This will move the input
signal to the left, since it always rides at the bias voltage, and
will bring the black level over to the point of beam current cutBias

Cut
off,

t

Sync..)

Pulses

Black
Fig. 10-6.--Effocts of weaker and stronger signals when the picture tube grid
bias is not altered.

off. Second, the contrast control might be adjusted to make the
signal stronger. This would increase the signal amplitude. Bringing the amplitude up to the value shown by Fig. 10-5 would
bring the black level over to the point of beam current cutoff, and
the sync pulses would be removed from the picture. Unless the
controls are readjusted to handle the weaker signal, the portions
of the picture which should be black will be gray, the lighter
portions will be too light, and the sync pulses will cause white
diagonal lines across the picture. The lines due to vertical sync
pulses will be clearly visible.
Should the signal become stronger the results will be as shown
at the right in Fig. 10-6. The signal is stronger because the sync
pulses are longer. The greater swing of the stronger signal
brings the black level beyond the point of beam current cutoff
with the bias unchanged from its original value in Fig. 10-5.
Now we have cutoff not only of the complete sync pulses but
also of the blackest portions of the video signal. Portions of the
picture which should be dark gray become black, because they
come closer to beam current cutoff. Portions which should be
light become too dark.
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There are two ways of making correction for the stronger
signal. First, we may make the grid bias less negative by
manipulation of the brightness control. This will move the signal to the right and bring the black level to the point of beam
current cutoff. Second, we may reduce the contrast control to
make the signal weaker at the picture tube input. This will bring
the signal back to the value represented in Fig. 10-5 and restore
the black level to the cutoff point.
To maintain correct relations of all picture tones from darkest
to lightest, the black level of the applied signal must be held at
the voltage for beam current cutoff. When there are changes of
signal strength this will require simultaneous adjustment of
brightness control and contrast control. These two controls must
be advanced (more brightness or more contrast or both) for
stronger signals. They must be retarded (less brightness or less
contrast or both) for weaker signals. A satisfactory setting
usually is made by turning the brightness control just below the
point at which diagonal white lines disappear, this for any given
setting of the contrast control. The contrast control must be set
to best accommodate the strength of signal, high for weak signals, and relatively low for strong signals. Every readjustment
of the contrast control calls for an accompanying readjustment
of the brightness control (which is the bias control) in order to
avoid conditions shown by Fig. 10-6.
D-e Component of Signal.—We have seen what happens with
change of strength of the composite signal applied to the picture
tube. Now let's see what happens when there is a change of
average tone in the picture. At the left in Fig. 10-7 we have a
signal whose strength is the same as in Fig. 10-5. We know the
signal strength is unchanged because the sync pulses are of equal
lengths in both diagrams. But now we have a picture which is
of dark tone instead of the medium tone in earlier diagrams.
We shall assume that the grid bias (brightness control) is
unchanged, it is of equal values in Figs. 10-5 and 10-7. With the
dark picture there is less overall swing of signal voltage above
and below zero. But, as always, the average or zero value of the
signal rides on the bias voltage. The result is to bring portions
of the sync pulses well above the voltage for beam current cutoff, also to bring the positive side of the signal higher than it
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should be on the curve. The picture which should be
becomes of a tone which is too light on the picture
This is plainly evident from the fact that even the
which should always be blacked out, have come
reproduced portion of the picture.

of dark tone
tube screen.
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Fig. 10-7.—Effects of darker pictures (left) and of lighter pictures (right)
when the picture tube grid bias is not altered.

The effect of a signal for a light toned picture is shown at the
right in Fig. 10-7. The average or zero value of the a-c signal
still rides on the bias voltage point. But the greater swing of the
signal carries its black level beyond the cutoff voltage for beam
current. At the same time the lightest portions of the signal are
thrown farther to the left than as though the black level were
at the cutoff point. This brings these lightest portions farther
down than they should be on the beam current curve. The result
is to make the supposedly light toned picture become too dark.
With dark pictures made too light and light ones made too
dark the effect is to destroy correct contrast and to bring all
pictures toward a rather lifeless gray. Correct contrast could be
maintained by continual readjustment of the brightness control
to keep the black level of the signal at the point of beam current
cutoff. Obviously, no one could operate the brightness control to
anticipate every change in picture tone. Correction would not
be needed were it possible to apply the output of the video detector directly to the picture tube grid-cathode circuit. The reason is that, in the detector output we have a d-c signal wherein
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the black level remains at a voltage determined by the strength
of signal from the video i
-f amplifier. That is, we would have in
the detector output signal a steady "d-c component" maintaining a constant black level. The detector output is not strong
enough for application to the picture tube, and one or more video
amplifiers must be used.
Video amplifiers are resistance-capacitance coupled. When the
composite signal goes through a coupling capacitor it becomes
an a-c signal, and the d-c component is lost. Then we would have
the effects shown by Fig. 10-7 unless some kind of correction
were applied. This correction must be automatically applied by
changes of picture tone in the signal, and it must act to change
the grid bias of the picture tube as required by every change of
picture tone. The correction is called d-c restoration or cl-c
reinsertion.
D-e Restoration at Video Amplifier.—Back in Figs. 10-1 and
10-2 there is direct conductive connection between amplifier
plate and picture tube grid or cathode. If the black level voltage
is constant in the amplifier plate circuit it will be constant at the
picture tube grid or cathode, so there is no loss of d-c component
in this part of the circuit. The d-e component is lost when the
signal goes through coupling capacitor Ce in the amplifier grid
circuit, and it must be restored in this grid circuit.
D-c restoration is effected by grid leak-resistor biasing of
the amplifier. Signals coming to the grid circuit are rectified by
the control grid and cathode, acting like a diode plate and
cathode. The rectified signals charge capacitor Cc in the polarity
shown in Figs. 10-1 and 10-2. Electrons of this charge leak
away to ground through resistor Rg, making the upper or grid
end of this resistor negative with reference to the lower or
grounded end. Since the negative end of Rg is connected to the
control grid, the grid is made negative with reference to the
cathode, which is connected through ground to the lower or
positive end of R7.
The greater the amplitude of the applied composite signal the
greater will be the charge held on the grid capacitor and the
more negative will become the bias on the amplifier tube. A
signal for light tones has greater amplitude than one for dark
tones, so light toned signals make the amplifier grid more negative while dark toned signals allow it to become less negative.
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Amplifier output is reduced on light signals and allowed to increase on dark signals. Thus the tone of the signal, so far as
lights and darks are concerned, is not allowed to affect the signal
in the plate circuit. The plate circuit signal is applied directly
to the picture tube.
Restoration at Picture Tube Cathode.—In Fig. 10-4 there is
a coupling capacitor Cc between the plate of the video amplifier
and the cathode of the picture tube. The d-c component will be
lost in this capacitor, and must be restored in circuits beyond the
capacitor. Restoration is effected by action of resistor Rk which
is connected between the picture tube cathode and ground by
way of the brightness control. All direct electron flow to the
cathode must pass through this resistor. The flow is in such
direction as to make the cathode end of Rk positive with reference to the end which is connected through ground to the control
grid.
The greater amplitude of a light toned signal increases the
average beam current, increases electron flow in Rk, and increases the voltage across this resistor. Then the cathode becomes more positive, which is equivalent to making the grid more
negative. A dark toned picture has the opposite effects on grid
bias. Thus there is a self-biasing action tending to maintain an
instantaneous average bias suited to the picture. This may be
called automatic brightness control rather than d-c restoration.
Restoration with a Diode.—Fig. 10-8 shows one method of d-c
restoration utilizing a diode tube and biasing resistor connected
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Flow
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Fie. 104.-0» meiliod of cosi» co &co» for d-c restoration.
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into the grid-cathode circuit of the picture tube. The restorer
diode usually is one section of a twin diode whose other section
is used as the video detector or for some other purpose. Electron
flow through the restorer can be only in the direction indicated
by arrows, with this flow passing upward through biasing resistor Rb. With this direction of flow the upper end of Rb is
positive with reference to the lower grounded end. The upper
end of Rb connects through another resistor, Ra to the picture
tube control grid, while the lower end connects through ground
and the brightness control to the picture tube cathode. Then the
greater the electron flow in Rb the greater will be the voltage
drop across it, and the greater the positive voltage applied to
the picture tube grid.
Restorer diode Rb is connected across the signal input circuit.
Consequently, the greater the signal amplitude the greater will
be the potential difference across this diode and the greater will
be the electron flow through the diode and resistor Rb. Thus a
light toned signal increases the electron flow and causes application of more positive voltage to the picture tube grid. This voltage counteracts more of the negative bias from the brightness
control and makes the net bias less negative. A dark toned signal
decreases electron flow in the diode and in resistor Rb to make
the bias more negative. As appeared in Fig. 10-7, these are the
changes of grid bias required to compensate for pictures of
lighter and darker tones.

Fig. 10-9 —Another method of using a cFrocie for ci-c restoration.
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If you connect a d-c electronic voltmeter from picture tube
grid to ground, or from restorer cathode to ground across
resistor Rb, the meter will show the changes of bias voltage. The
meter will not interfere with observing a picture. As the picture
tone becomes lighter the voltage will increase, and with darker
pictures it will decrease, provided the restorer tube is acting
correctly.
Fig. 10-9 shows another method of employing a diode for d-c
restoration. Sync pulses in the plate circuit of the video amplifier act in load resistor Ro to produce the polarities shown.
Electron flow then follows the path shown by arrows, through
resistor Rd, capacitor Cd, from cathode to plate in the restorer
diode, through Rc and the B-supply system back to the bottom
of Ro. This electron flow charges capacitor Cd, positive toward
the diode. The capacitor discharges between sync pulses. It cannot discharge through the diode, because the diode will not conduct in the reverse direction. Consequently, the capacitor has to
discharge through the high resistance of resistor Rb which is
connected across the diode. The result is positive polarity at the
top of Rb and at the picture tube grid to which the top is connected. The voltage across Rb acts 1-,o vary the grid bias as required for pictures of various tones, just as does the voltage
across Rb in Fig. 10-8. There are other types of d-c restoration
circuits, but the general principles which have been discussed
apply to all of them and explain the results to be expected.
Crystal diodes sometimes are used for d-c restoration. In still
other cases the restorer is one section of atwin triode with grid
and plate tied together to provide diode action. In a number of
d-c restoration systems the cathode and grid of atriode are used
like the cathode and plate of the diodes in preceding diagrams.
From the plate of the triode then are secured sync pulses which
are carried to the sync amplifiers, clippers or limiters which
control the sweep oscillators.

Chapter 11
THE SYNC SECTION
The sweep oscillators which control voltages or currents for
deflecting the electron beam in the picture tube must be kept in
time with, or synchronized with, the incoming signal. Only thus
may the beam be swept horizontally and vertically to keep pictures where they belong on the screen.
The vertical sweep oscillator is designed and adjusted to maintain afrequency very close to 60 cycles per second, which is the
field frequency. The horizontal oscillator is designed and adjusted to operate at afrequency close to 15,750 cycles per second,
the line frequency. But, even though an oscillator were precisely
synchronized for pictures from one station, pictures from
another station might be slightly earlier or later, even though of
the same frequency. Furthermore, all oscillators of ordinary
constructions suffer from slight drift of frequency.
The sweep oscillators are adjusted to go through their oscillation cycles just a little slower than required for picture timing.
Then the vertical and horizontal sync pulses of the received composite signal are used to produce voltages which "trigger" the
oscillators just before each oscillation cycle would naturally commence. Thus the actual periods of oscillation are forced to
conform with the timing of whatever signal is received.
At the input to the sync section we always have the composite
television signal. At the output we must have voltages suitable
for triggering the oscillators. It is the function of the sync
section to change the composite signal into triggering voltages
which are applied to the vertical and horizontal sweep oscillators.
The change is brought about by passing the signal through a
series of tubes which do four things. The sync pulses are separated from the composite signal and the video or picture elements of the signal are discarded. The sync pulses are amplified
as may be required. The pulses may be trimmed down to a uniform height or amplitude when they tend to vary in different
parts of the signal. The polarity of the pulses may be inverted
217
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as required by the type of sweep oscillator. Some oscillators
require negative voltages for triggering, while others require
positive voltages.
The sync takeoff may be from almost any point where the
signal contains the vertical and horizontal pulses. Some takeoff
points are shown by Fig. 11-1. At 1 the takeoff is through a
diode whose plate is coupled through a small capacitor to the
output of the last i
-f amplifier. The diode output will be the
demodulated composite signal, with sync pulses positive when
they are taken from the diode cathode, and negative when taken
from the diode plate. With high resistance between the diode
plate and ground, as shown, the time constant may be such that
most of the picture signal is cut off at this point.
At 2the sync takeoff is from the top of the load resistor in the
video detector output. At 3 the takeoff is from the screen of a
video amplifier. Note that this takeoff is directly from the screen,
before any decoupling resistor and capacitor. At 4 the takeoff
is from the high side of the plate load resistor of a video amplifier, again being ahead of all decoupling units. Takeoffs at the
screen or plate load may be from any of the video amplifying
tubes if the receiver has more than one.
At 5the sync takeoff is from the plate of atriode restorer tube.
In this particular type of restorer the grid is grounded to act
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like the plate of a diode restorer tube, while the plate is connected to a low B-1- voltage and to the sync circuits following.
Sync takeoff may also be from the plate of a diode restorer tube,
when the plate is not grounded. At the plate of any type of
restorer tube there are strong negative sync pulses with only
traces of the picture signal. It should be understood, of course,
that in any one receiver there will be only one of these sync
takeoffs used.
Waveforms in Sync Section.— Trouble shooting in the sync
section usually is begun with observation of waveforms at various points between the takeoff and the final connection to the
sweep oscillator in the vertical and horizontal systems. The
method of observation is as follows:
1. Connect the vertical input of the oscilloscope to the point
at which a waveform is to be observed. Do not use either the
filter probe or the detector probe with the scope, for their capacitances will upset the action of the many filters in the sync
section. Use a shielded cable with the shield grounded, or, at
least, use a twisted pair lead to reduce unwanted pickup. In
series with the vertical input connection, at the receiver end,
have a fixed resistor or about one-half megohm resistance, or
the greatest resistance which will allow traces of satisfactory
height.
2. Tune in a picture or, preferably, a test pattern in the
regular way. If it is impossible or very difficult to keep the picture stationary with the hold controls you have too little resistance in series with the vertical input for the oscilloscope.
3. To observe the vertical sync pulses use the internal sweep
of the scope synchronized for 30 cycles. This will bring two fields

Vertical

Horizontal

Fig. 11-2.—Osetlioseope traces °bowed at wee takeoffs.
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and two vertical blanking intervals onto the screen. With the
scope connected to points such as numbers 2, 3 and .4 of Fig. 11-1
the trace will show the complete composite signal, about as
represented at the left in Fig. 11-2. It may be more satisfactory
to use the sweep at 20 cycles to insure having two complete
vertical blanking intervals on the screen.
4. To observe horizontal sync pulses use the internal sweep
set for 7,875 cycles. The trace will have the general appearance
shown at the right in Fig. 11-2 when from takeoff points at
which there is a complete composite signal. It is possible also
to use the internal sweep set for 5,250 cycles to insure having
two complete horizontal blanking intervals on the screen at all
times.
5. Follow the signal all the way through the sync section,
applying the vertical input lead of the scope to the control grids,
plates, and possibly the cathodes of all tubes in this section, also
•

f

( r
Vertical

Horizontal

Fig. 114.—Triggering voltages for application to sweep oscillators.

to the input and output of filters preceding the sweep oscillators.
and to the grids of the oscillators.
Fig. 11-3 shows vertical and horizontal triggering voltages as
observed at the inputs or grids of certain kinds of oscillators.
There is great variety in kinds and numbers of tubes in the sync
sections of various receivers, and in the tube voltages and circuit
connections used to change the signals from forms like those of
Fig. 11-2 to such as shown by Fig. 11-3.
Fig. 11-4 shows the general appearance of vertical (30 cycle)
and horizontal (7,875 cycle) traces obtained from the plate of
a restorer tube, as at the takeoff numbered 5 in Fig. 11-1. Somewhat similar traces would be obtained from the diode takeoff
numbered 1 in that diagram provided the diode circuit includes
a coupling capacitor and a leak resistor. In the vertical trace
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Fig. 11-4.—Synchronizing voltage traces from a restorer plate and from
some kinds of takeoff diodes.

from these takeoffs the negative sync pulse is strong, and but
little remains of the picture or video signal. In the horizontal
trace there is no evidence of the picture signal.
The exact form of any of these traces depends not only on
the receiver circuits but also on the oscilloscope. High input
capacitance in the scope, or excessive capacitance in the input
leads, will cause major changes in the trace forms. Frequency
response or lack of it in the scope will change the slopes of the
trace curves. All this is especially true when observing traces
at the horizontal frequency.
Tubes in the Sync Section.—There are no generally recognized
standards for naming the tubes used in sync sections. Sync
amplifiers always increase the amplitude of the signal, but they
may be operated to also change the form by strengthening the
sync pulses at the expense of any remaining video signal. Sync
separators help to strengthen the sync pulses while eliminating
video signals. This may be done by bringing the signal to the
separator with the sync pulses positive, and biasing the tube to
provide plate current cutoff for all or nearly all the video signal.
Tubes called sync clippers or sync limiters may make all sync
pulses of uniform height or amplitude by means of biasing for
plate current cutoff and sometimes by using plate and screen
voltages so small as to provide plate current saturation for the
positive peaks of the signals. The name clipper may be applied
also to a tube which clips the sync pulses from the composite
signal, and discards all or most of the video signal.
Every time a signal of any kind is applied to the control grid
and taken from the plate of the same tube the signal polarity is
inverted. There are many sync section tubes with which the
outnut is taken from the cathode rather than from the plate.
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Then there is no inversion of polarity. Frequently the output for
one oscillator or for part of the circuit of an oscillator will be
taken from the plate in one polarity, while for a separate oscillator or for another part of an oscillator circuit an output will
be taken from the cathode of the same tube. The cathode output
is of polarity opposite to that from the plate, and is the same
as the polarity at the control grid of the tube.
What may be accomplished in passing a signal through a
separator, alimiter, and an amplifier is illustrated by Fig. 11-5.
The curves are grid-voltage plate-current characteristics for
the tubes. The slopes of such characteristics are determined
partly by the type of tube and partly by choice of voltages for
plates and screen and for grid biases.
In the left-hand diagram the composite signal is applied to
the grid of the separator, with sync pulses positive. The tube is
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Fig. 11-5.—How three tubes in a sync section may separate wee pekes from
the video signal and shape the pulses.

biased beyond cutoff, so only the more positive ends of the sync
pulses cause conduction. In the output of the separator we then
have no video signal, only sync pulses. The pulses are shown of
unequal amplitude. This would not occur with adjacent pulses,
which are shown so for illustration, but may happen at various
times in a continuing signal and may happen when there are
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various kinds of electrical interference which vary the amplitude
modulation.
The signal with video removed, but with uneven sync pulses.
is applied in the center diagram to the grid of the limiter. This
tube is biased almost to cutoff, with the result that the uneven
sync peaks are brought to a uniform level. Note that there is
inversion of signal polarity between separator and limiter. The
limiter output consists of uniform sync pulses with no video, but
the pulses are of small amplitude. This output is applied to the
grid of the amplifier tube in the right-hand diagram. This tube
is operated to have a steep characteristic curve, which provides
increased amplitude for the sync pulses while maintaining their
uniformity.
Tubes in the sync section need not follow one another in the
order shown by Fig. 11-5. Amplifiers may be used wherever it is
desirable to increase signal strength. A tube for leveling the
pulses often is the last one in the section.
Separation of Horizontal and Vertical Pulses.—Both horizontal
and vertical sync pulses pass all the way through the tube circuits in the sync section. The two kinds of pulses are separated
from each other by applying both of them to two kinds of filters,
one of which passes the vertical pulse in the form of a voltage
suitable for triggering a vertical sweep oscillator, while the
other passes the horizontal pulses as triggering voltages for a
horizontal sweep oscillator.
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Fig. 11-6.—Typical connections for vertical and horizontal Mots »QM
separate the two kinds of pulses.
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The two filters are of the general form shown by Fig. 11-6.
The output of the last tube in the sync section is applied to both
filters. The upper filter, leading to the vertical sweep oscillator,
is a low-pass type. It is similar in principle to filters which
follow the rectifier in B-supply systems, with resistances in
series and capacitors from between the resistances to ground.
The vertical sync pulses are of long enough duration to build
up a considerable charge and voltage on the capacitors at Cv.
Shortly after the beginning of each serrated vertical sync pulse
this voltage reaches avalue which triggers the vertical oscillator.
The capacitors discharge to near zero voltage between vertical
sync pulses.
Capacitances at Cv are rather large, usually on the order of
0.002 to 0.01 mfd. The time constant of these capacitances and
the filter resistances is long enough to allow building up the
triggering voltage. That is, the charging rate is much greater
than the discharge rate during the vertical sync pulses. But the
time constant is not so long as to retain the charge and voltage
after passage of the vertical pulses. When the individual horizontal sync pulses go into this vertical filter of long time constant, these very brief pulses cannot charge the filter capacitors
to any appreciable voltage before there is discharge through the
filter resistors during the line period following each horizontal
pulse. Therefore, we have vertical triggering voltages, but no
horizontal triggering voltages of any consequence, in the output
of the vertical filter. This filter sometimes is called an integrating
filter, because it builds up or integrates the effects of the serrated
vertical pulse.
The filter leading to the horizontal sweep oscillator is a highpass type, with a series capacitor Ch and a shunted resistor Rh.
The capacitance at Ch is small, usually something between 100
and 200 mmfd. The time constant of this capacitance and the
filter resistor is correspondingly short. The very brief horizontal
sync pulses produce a charge and voltage sufficient for triggering before the capacitor can discharge, even with its short time
constant. But the discharge rate of the capacitor in the horizontal filter is so great that the relatively long vertical sync pulses
have no more effect than the horizontal pulses. There is abuild •
up of capacitor voltage at the leading edge of each vertical
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pulse, but an almost instant discharge. Thus the vertical pulses
between serrations, also the equalizing pulses, each produce the
same sharp voltage pips as do the regular horizontal pulses.
This is the effect necessary to preserve timing of the horizcntal
sweep oscillator during the vertical blanking intervals.
Following the sync signals through the vertical filter by means
of the oscilloscope will produce traces such as those of Fig. 11-7,
or of generally similar form. Traces in the upper row are taken
with the internal sweep of the scope set for 30 cycles, to bring
out the effects of vertical pulses. Those in the lower row are
taken at 7,875 cycles to show the effects of individual horizontal
pulses. Traces shown at 1 are taken at the input to both filters
or at the output from the last tube in the sync section. This point
is marked 1 in Fig. 11-6. Traces at 2 are taken at the input to
the vertical filter, across the first filter capacitor. Traces at 3
Vertical - 30 Cycles

Horizontal —

7875

Cycles

11-7.—Oscilloscope traces at various points in a vortical filter.

are taken across the second filter capacitor. Still farther along
in the filter, and at its output, the traces remain much the same
as shown at 3.
As they progress through the vertical filter the vertical pulse
voltages become continually sharper, while the horizontal pulse
voltages gradually disappear. A similar examination of the horizontal filter would show at its input the same traces represented
at the left in Fig. 11-7. At the output there will be horizontal
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triggering voltages at the line frequency. These voltage traces
will continue on the screen of the scope because the horizontal
timing is continued throughout the vertical blanking interval by
serrated vertical pulses, by equalizing pulses, and by regular
horizontal pulses.
The output of either filter may be further amplified by another
tube before going to the sweep oscillator. Certain types of sweep
oscillators or oscillator controls require two timing voltages, of
opposite polarity. These opposite voltages are obtained by applying the output of the horizontal filter to the grid of an inverter
tube, then taking a voltage of one polarity from the plate and a
voltage of opposite polarity from the cathode of the inverter.

Chapter

12

SWEEP OSCILLATORS
The great majority of television sweep oscillators are of either
the blocking type or the multivibrator type. Both these lend
themselves well to synchronization control by means of triggering pulses such as furnished from the sync section filters. The
exceptions to these types of oscillators are found in some systems
employing automatic control of horizontal sweep frequency.
A simple circuit for a blocking oscillator is shown by Fig. 12-1.
Oscillation is maintained by feedback from plate to grid through
the oscillation transformer. When B ± voltage is applied to the
plate there is an increase of plate current through resistor Rb,
the size control resistor, and the plate winding of the transformer. The changing plate current in the plate winding induces
in the grid winding of the transformer a voltage which is positive at the grid of the oscillator tube. The positive grid voltage
acts to further increase the plate current until it reaches
saturation value.
At the instant of saturation there is no change of current in
the plate winding, and the induced voltage at the grid drops to
zero. This zero grid voltage, as compared with the former posiConnection
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Fig. 12-1.—Connections in the circuits for a blocking oscillator.
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tive voltage, causes a decrease of plate current. This decrease,
being opposite to the earlier increase, induces a voltage in the
grid winding which makes the grid negative. The grid becomes
increasingly negative until reaching the value for plate current
cutoff. Again, for an instant, there is no change of plate current.
Grid voltage returns to zero. This zero grid voltage, as compared
with the earlier negative voltage, allows plate current to increase. Then the whole process would repeat, with continuing
oscillations of plate current at the resonant frequency of inductance and capacitance in the circuits, were it not for the
effect of grid capacitor Cg and the grid resistor Rg, part of
which is the hold control.
When the grid becomes positive there is electron flow from the
grid through resistors Rg to ground, and through ground back to
the cathode. With this direction of electron flow the upper end of
Rg is made negative so strongly as to overcome the positive grid
voltage and make the grid highly negative. There is an instant
stoppage of plate current. The potential which makes the grid
negative also charges the grid side of capacitor Cg in negative
polarity. The grid is held negative by this charge until it can
leak away through resistors Rg. The grid voltage is held beyond
the value for plate current cutoff until enough charge leaks off
to bring the voltage back to a value which allows resumption of
plate current flow.
As soon as plate current resumes we have the oscillator action
first described. During the first period of such oscillation, at the
resonant frequency of the oscillator circuit, the grid is again
made positive and then negative by the action of Cg and Rg.
Then follows another period of plate current cutoff which lasts
until capacitor Cg discharges sufficiently through Rg to permit
another pulse of plate current.
It is plain that the actual frequency of oscillation depends on
the time required for partial discharge of Cg. With any given
capacitance at Cg this time depends on the resistance of Rg.
The greater the resistance at Rg, as adjusted by the hold control,
the longer the period for discharge and the lower the oscillation
frequency.
The changes of voltage at the oscillator grid may be observed
by connecting the vertical input of the oscilloscope to the grid.
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If we are dealing with the vertical sweep oscillator the changes
will be traced on the scope screen as at the left in Fig. 12-2. The
brief instants of positive grid voltage are shown by the short
upward "spikes." In the same instant the grid voltage goes far
down in the negative direction. Then there is an upward curve of
voltage as the grid capacitor discharges. This upward curve
flattens off and ends at the point where the grid again goes
positive.

+

+

um«

—.

—

-_

Vertical

—
Horizontal

Fig. 12-2.—Traces observed with the oscilloscope connected to the grid of
o blocking oscillator.

If a blocking oscillator is used for horizontal sweep the action
which holds the grid negative to cut off plate current is the same
as described, except for taking place at the higher horizontal
frequency. With an oscilloscope connected to the grid of a horizontal blocking oscillator the trace will be somewhat as shown at
the right in Fig. 12-2. The exact form of the trace depends not
so much on the differences between circuit details as on the
ability of the oscilloscope to follow the rapid changes of voltage
which are taking place, or the lack of ability to follow such
changes.
With the oscilloscope connected to the plate of the blocking
oscillator the traces at the vertical and horizontal frequencies
+

/
—t
Vertical

ooe

Horizontal

He. 124.—Traces observed with the oscilloscope to the plate of a
blocking oscillator.
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will be about as shown by Fig. 12-3. These traces represent
changes of plate voltage. The long downward negative extension
of the trace shown on the vertical diagram will exist only when
resistor Rs of Fig. 12-1 is in series with capacitor Cs of that
figure. This resistor, and the accompanying plate voltage curve,
are found where the picture tube is operated with magnetic deflection. For electrostatic deflection tubes the downward negative
swing of plate voltage is not required, and the resistor is not
used in series with Cs. The long negative swing of plate voltage
occurs also with a blocking oscillator used for the horizontal
sweep, but it will not show on the trace formed by ordinary
types of oscilloscope. The horizontal trace will appear on the
screen of the scope about as shown at the right in Fig. 12-3.
Since the oscillator plate and capacitor Cs are directly connected, the voltage traces of Fig. 12-3 are for capacitor voltage
as well as for plate voltage. These are the "sawtooth" voltages
which will be used to produce other voltages, or currents, of

Grid At
Cutoff

t

Cs

Grid
Above
Cutoff

8+

L

.
/oe' Capacitor
i
Charging
1
..

Grid
Positive

,/e/I
Charg.ing

4.

.1

Capacitor
Discharges

12-4.—How o sawtooth voltage is formed while the oscillator first
non-conductive or blocked, then is conductive.
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similar form to deflect the beam in the picture tube. The whole
purpose of the sweep system is to produce these sawtooth voltages or currents.
How the sawtooth voltage is formed is illustrated by Fig. 12-4,
which shows part of the more complete diagram of Fig. 12-1.
We commence at diagram A with the grid negative beyond the
value for plate current cutoff. There is no plate current in the
tube. Capacitor Cs and resistors Rb are in series across the
B-supply. Electron flow is in the direction of the arrows, and the
capacitor is charged in the indicated polarity. The charging
curve, shown below the diagram, rises rather slowly because the
rate of electron flow for the capacitor is limited by the resistances at Rb. This is a matter of time constant.
In diagram B the grid voltage has risen from its cutoff value
and is allowing plate current to commence. Electron flow for this
plate current is represented by the broken line arrows. The
capacitor continues to charge, as shown by the full-line arrows.
The charging curve is completed; it is the gradual upward slope
of the sawtooth voltage.
In diagram C the grid voltage becomes positive. With a positive grid the internal resistance or plate-cathode resistance of
the tube drops nearly to zero. The high voltage which has been
built up on capacitor Cs by charging action now causes instant
discharge of the capacitor through the very low resistance of the
tube. Electron flow in this discharge is indicated by arrows. The
curve of capacitor voltage, shown below the diagram, takes a
sudden downward plunge to complete the sawtooth. Thus we
produce the sawtooth voltage waves observed in Fig. 12-3.
Discharge Tube on Oscillator.—In the blocking oscillator circuit previously discussed there is discharge of the sawtooth
capacitor Cs through the cathode-plate path in the oscillator
tube. In Fig. 12-5 there is a separate tube or a second section of
a twin tube providing the discharge path, while the oscillator
tube or section acts only to control the periods of charge and
discharge.
The oscillator of Fig. 12-5 acts exactly like the one of Fig. 12-1
so far as changes of grid voltage are concerned. That is, the
timing of oscillation cycles is controlled by action of grid capacitor Cg and grid resistors kg in accordance with their time con-
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stant. The grid of the oscillator is directly connected to the grid
of the discharge tube. Then the grid of the discharge tube must
go through the same changes of voltage as the grid of the
oscillator, and at the same instants of time.
While the two grids are held negative beyond plate current
cutoff there is charging of sawtooth capacitor Cs, just as in
the former circuit. When the two grids become instantaneously
positive the internal resistance of the discharge tube drops
8+
Osci Ilator
2

Discharge

Cs

Rb
Rg
Size

Hold

B+

Illt

Fig. 72-5.—Blocking oscillator with discharge tube.

nearly to zero, and capacitor Cs discharges through the cathodeplate path in the discharge tube. Using a separate discharge tube
allows operating the oscillator at a 1
,igher plate voltage than
used for the discharge tube and for the sawtooth capacitor.
Multivibrator Sweep Oscillator.—The Potter sweep circuit
used in television as a sweep oscillator is an adaptation of the
long known multivibrator circuit used in many electronic applications for production of square pulses. Fig. 12-6 is a typical
diagram for the television form of multivibrator. There is no
feedback transformer such as required by the blocking oscillator.
The multivibrator employs two tubes or the two sections of a
twin tube, with sync pulses applied to the grid of section A in
the diagram. These pulses sometimes are applied to the upper
end of the cathode resistor which is common to both sections.
Sawtooth capacitor Cs and resistor Rs are the same as in previously described oscillator circuits.
To follow the action in the multivibrator consider first an
instant in which B-1- voltage from the supply line at the upper
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left is causing electron flow in the path marked with full-line
arrows. This flow is from ground through cathode resistor Rk
to the cathode of tube section B, thence to the grid of this section,
into and out of grid capacitor Cg, through resistor Ra and to
B+. Capacitor Cg is charged in the polarity marked. Resistor
Rk is acting as a cathode bias resistor, with its negative lower

Amp.

/Less drop

B+
More
Positive \
Negative

Cg charges

to cutoff

to cutoff

Rk

Rg

Rb

Size
Control
Hold
Control

—GCs
1
*

charges

k IRs
11

13+
Fie. 12-6.—Connections for a inuitivibrator swoop oscillator.

end connected through ground to the grid of section A. This grid
is made negative to the point of plate current cutoff. The decreasing plate current allows a decreasing voltage drop across series
resistor Ra, and an increasingly positive voltage at the plate of
section A. This increasingly positive voltage causes additional
charging of capacitor Cg, whose polarity drives the grid of
section B so far negative as to cause plate current cutoff in this
section. Sawtooth capacitor Cs now charges from the B-supply
through the path indicated by broken-line arrows.
Now we may go on to Fig. 12-7. The decreases of plate current
in the tube sections bring about less current and less voltage
drop on cathode resistor Rk. This smaller drop in Rk makes the
grid of section A less and less negative, so that plate current
commences to flow and to increase in this section. The increasing
plate current flows in resistor Ra to increase the voltage drop
across Ra and make the voltage at the plate of section A become
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less positive. This less positive voltage acts on one side of grid
capacitor Cg, and this capacitor commences to discharge. This
discharge cannot flow in reverse from grid to cathode of section
B, so it takes place through resistances at Rg and the hold
control.
The time constant of capacitor Cg and resistors Rg determines how long it takes for grid voltage on section B to reach
a value allowing plate current in this section. When this value

Ra

More drop

Less
positive
Le ss
negative

Cg discharges

®

+
Less
current
and drop
—

e
*
1Rk

7

Rg

..;

Cs
discharges

1Rs

1
.

i

*
B

Fig. 12-7.—Discharge of the sawtooth capacitor in the multivibrator circuit.

is reached, there is instant discharge of sawtooth capacitor Cs
through section B and the path shown by broken-line arrows.
The very large discharge current of the sawtooth capacitor flows
through resistor Rk to make the grounded end of this resistor
highly negative with reference to the cathode end. Then both
grids are made so negative as to cause plate current cutoff. This
stops discharge of the sawtooth capacitor, and it again charges
during the cutoff period or non-conductive period of tube
section B.
The time periods between successive discharges of the sawtooth capacitor, or the periods during which this capacitor
charges, are the periods required for grid capacitor Cg to partially discharge through resistors Rg. The length of these periods
may be altered by adjusting the resistance of the hold control.
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Fig. 12-8 shows waveforms .74 the general types to be expected
with the oscilloscope connected to the various elements of is
multivibrator used for vertical sweep. The input voltage pulseo
applied from the vertical sync filter are shown opposite the left,
hand grid. These pulses usually have potentials of only a fraction
1st. Plate

2nd. Plate

i

Si

il

11
I
i

II

d

1st.

Li

Grid

*,

*,

2nd. Grid

Cathodes

-

Ns. 12-8.—Waveforms observed at the several elements of a nsultivibrato•
used for vertical sweep.

of a volt and may be difficult to observe at the horizontal frequency. Voltage pulses at the first plate, which act on the grid
voltage of the second section, are shown above the left-hand
plate. The changes of voltage at the second grid are affected by
charge and discharge of the grid capacitor, as is evident fre•e•
4A;1t.
Plate

1st

2nd.
Plate

Grid
2nd

Grid

Cathode
fig. 72-9.—Waveforms from a multivibrator used for horizontal sweep.
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the rather gradual slopes of the trace. The output from the
second plate will be a plain sawtooth wave where the picture
tube operates with electrostatic deflection. With magnetic deflection picture tubes the output wave will have the sharp negative
dip preceding the upward slope which indicates charging of the
sawtooth capacitor. How well this dip is seen on the trace will
depend largely on the frequency response of the scope.
Fig. 12-9 illustrates waveforms such as may be observed with
the scope at the elements of a multivibrator used for horizontal
sweep. The relations of scope trace forms to actual variations of
voltage in the circuits again depends to a great extent on the
frequency response of the instrument. This applies to measurements at the horizontal frequency even more than with measurements at the vertical frequency.
Polarity of Oscillator Sync Pulses.—When examining the
blocking oscillator without a separate discharge tube, and also
with one, we found that the sync pulse applied to the oscillator
grid must be positive. The result of a positive pulse is discharge
of the sawtooth capacitor.
The multivibrator operated with sync input to the grid of the
first section must have this sync voltage of negative polarity.
The negative voltage at the first grid instantly produces apositive
voltage at the second grid and allows discharge of the sawtooth
capacitor through the second section. But if sync input to the
multivibrator is applied at the top of the cathode resistor this
pulse must be of positive polarity. A positive voltage at the cathode
is equivalent to anegative voltage at the grid.
Sawtooth and Square Pulse Voltage.—Earlier it was mentioned
in receivers having a picture tube with magnetic deflection
it is necessary to have the rise of sawtooth voltage preceded by
anegative pulse which is part of asquare wave, as shown at the
left in Fig. 12-10. If asawtooth voltage without the square wave
is applied to a deflection coil the current produced in the coil
will not be of sawtooth form, as required for correct travel of the
picture tube beam. When the sawtooth voltage wave is preceded
with a square wave, the coil current will not show the square
wave but will be truly sawtooth.
,-,hat

The negative square pulse is produced as follows: When the
sawtooth capacitor discharges, with electron flow shown by arrows
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at the right in Fig. 12-10, the flow is through resistor Rs. The rate
at which the capacitor discharges then is slowed down, it proceeds
as determined by the time constant of Cs and Rs. This time constant is long enough to prevent complete discharge of the capacitor
while the tube is conductive. While the grid is positive, voltage
across the tube between plate and cathode, and also across the
sawtooth capacitor, drops all the way from a to b on the curve.
But because of Rs being in the discharge circuit the capacitor still
retains some charge when voltage reaches b. This remaining
charge is still on the capacitor when the tubes again become nonconductive. There has been a further slight voltage drop from b
to cduring the conduction period.

0
/
b

.•-•-III>

C

Fig. 12-10.—How a negative square wave is added to the sawtooth wave
when the picture tube is operated with magnetic deflection.

The effect of the retained charge is to instantly raise the capacitor voltage, and voltage across the tube, from cto d just as soon
as the tube ceases to conduct. Then the capacitor commences to
gain further charge in the regular way, and voltage rises along
the sawtooth part of the curve from dto e, which brings us to the
start of another similar cycle.
If resistor Rs is adjustable, as it is with some controls to be
examined later, the time constant is changed and more or less
charge is retained on the sawtooth capacitor. This will alter the
instantaneous rise of voltage which follows discharge, will alter
the distance between cand don the curve, and, of course, will also
cause achange in the slope of the sawtooth voltage rise from dto e.
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Size Control.—In earlier circuit diagrams for the various sweep
oscillators there is an adjustable resistor in series with the B+
lead through which the sawtooth capacitor is charged. This resistor
has been marked Size Control. In vertical sweep systems it would
vary the height of the picture, and might be called aheight control.
In horizontal sweep systems this control would vary the width of
the picture, and might be called awidth control.
During the increase of voltage or current accompanying the
charging of the sawtooth capacitor the picture tube beam is
deflected from left to right for a horizontal line, or downward
during formation of afield. During the very fast discharge of the
sawtooth capacitor the beam travels from right to left for
horizontal retrace, or from bottom to top for a vertical retrace.
If the size control in a horizontal system is adjusted for less
resistance there will be more rapid charging of the sawtooth
capacitor during the time in which the tube is non-conductive,
the capacitor voltage will become greater before there is discharge, and the beam will be carried farther across the picture
tube screen. This means greater width or height, as the case may
be. Adjusting the size control for more resistance slows the rate
of charging, lowers the voltage which can be reached before discharge, and allows the beam to travel shorter distances on the
screen.
Later we shall examine other types of size controls found in
the circuits of the sweep amplifiers. Any control for horizontal
size or width should be adjusted so that the picture or test pattern
fills the mask opening from left to right, and any control for
vertical size or height should be adjusted to fill the mask opening
from top to bottom. There is interaction between size controls and
various other controls, especially between size controls and those
which are called linearity controls and those called drive or peaking controls. When any one of these controls is adjusted, the
others have to be adjusted at the same time.
Hold Controls.—On the circuit diagrams for blocking oscillators there are shown adjustable grid resistors marked Hold Control, and on diagrams for multivibrators there are grid resistors
on the second tube section having similar markings. These hold
control resistances vary the time constant of the grid capacitor
and resistor to vary the intervals between discharges of the saw-
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tooth capacitor or to vary the operating frequency of the sweep
oscillator. The operating frequency which results from adjustment of these hold controls may be called the free running frequency, because it is the frequency existing when no sync pulses
are being applied to the oscillator circuit.
At the top of Fig. 12-11 is represented a sawtooth wave of a
frequency which might exist with the oscillator running free. We
consider the oscillation cycles to start at the beginning of dis-
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1

I
I
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1
I1
II
I

Oscillator
Synchronized
fig. 12-11.—How sync pulse voltages bring the oscillator into time with
the received signal.

charge from the sawtooth capacitor or at the beginning of each

retrace. Next below are represented sync pulse voltages which
come from the sync section and are applied to the oscillator. The
leading edge of each sync pulse makes the oscillator grid positive
just before it would have become positive at the free running fre-

fig. 12-12.—Changes produced in a pattern during adjustment of a
horizontal hold control.
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quency, without the sync pulse. Then the oscillator commences a
cycle which is in time with the sync pulse. The hold control is
adjusted to make the free running frequency so nearly like the
sync frequency that oscillations are easily kept synchronized with
the received signal.
When a horizontal hold control is working correctly, the picture or pattern on the picture tube screen will go through the
changes of Fig. 12-12 as the control knob is turned continually in
one direction. When the oscillator is very nearly synchronized
there will be anumber of black bars sloping in one direction, as
at the left. Elements of the picture or pattern are crowded in
between these black bars. At one point of adjustment the picture
or pattern will lock into synchronization, as at the center. Continued turning of the control in the same direction will cause the
sloping bars to reappear, but now they will slope the opposite
way, as at the right. The closer we come to correct synchronization the more nearly vertical will be the black bars.

Fig. 12-13.—Movement of pattern with the vertical hold slightly out of adjustment.

Sometimes the picture will remain locked into synchronization
with the hold control turned to its limit in one direction, and will
drop out in the opposite direction. This is satisfactory operation.
With some circuits there may be lock-in with the hold control in
either of two positions, but in one position there will be avertical
black bar somewhere near the center of the picture.
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When a vertical hold control is working correctly, and is adjusted close to the point of synchronization or lock-in, the picture
or pattern will move slowly up or down to give somewhat the
effect of Fig. 12-13. The picture will lock in upon a little further
adjustment of the control. Sometimes the picture will become
stationary with the bottom portion appearing above the top portion, as in Fig. 12-14. Adjustment of the vertical hold control
should correct this.

Rs. 12-14.—Misadjustment of the vertical hold may split the pattern.

There always will be adifference between the adjustment range
throughout which a picture will hold its synchronization and the
range through which the picture will pull back into synchronization after being dropped out. If you commence with the control
knob turned to its limit either way, then rotate it slowly, there
will be a certain position at which the picture will pull into
synchronization. If you then turn the knob back toward the
starting point the picture will not drop out at the same point it
pulled in, but will hold its synchronization until the knob is
rotated quite a ways back.
The correct adjustment is midway between the pull-in points
determined by rotating the knob or screw from each extreme
limit of travel back toward the center of the range. During this
setting of the control the picture may be dropped out, to note
whether it will pull in again, by momentarily switching to another
channel, by turning the power off and then on again, and sometimes by turning the contrast control lower.
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If the contrast control is such as varies signal amplitude ahead
of the sync takeoff point, the pull-in and hold-in points of the
hold adjustment will be affected by setting of the contrast control.
Too little contrast will make it difficult or impossible to hold
synchronization, because the sync pulses are then too weak.
If hold controls cannot be adjusted to keep the picture synchronized either vertically or horizontally the trouble probably is in
the sync section which supplies pulses to both oscillator systems.
Check the sync tubes by substitution. Use the oscilloscope to follow the signal through this section. Look for leaky capacitors and
defective resistors. If only the horizontal sync or only the vertical
sync is out, but not both, try substitution of the oscillator tube in
the affected section, also of a discharge tube if used. Observe
waveforms in the affected system. Look for leaky capacitors,
defective resistors, bad connections, and all the usual troubles
found in radio circuits. It should go withont saying that measurements of tube voltages are in order in any circuit where the fault
appears to lie.

Chapter 13
AUTOMATIC CONTROL OF SWEEP FREQUENCY
The relatively high frequency at which horizontal sweep oscillators are operated makes them more susceptible to upset from all
kinds of electrical interference than the vertical sweep oscillators.
In order to maintain the horizontal sweep frequency many receivers contain circuits which automatically return this frequency to synchronization when it tends to vary. There are a
great many methods of horizontal afc (automatic frequency
control), but all may be placed in two general classifications.
In one of these classes the horizontal oscillator frequency is
controlled with variations of effective inductance or capacitance
in the oscillator tank circuit. The effective inductance or capacitance is varied by means of a reactance tube. In the other class
there is automatic control of grid bias on either a blocking oscillator or a multivibrator oscillator. Varying the average grid
voltage, or the bias, of either of these oscillators will vary their
free running frequency. This type of control is based on combining a sync pulse voltage with a voltage wave obtained from the
output sweep circuit.
Reactance Tube.—An elementary circuit for a reactance tube
and a controlled oscillator is shown by Fig. 13-1. The particular
oscillator shown here is a Hartley type, evident from the fact
that its cathode is connected in between the ends of tuning inductor La-Lb. The diagram shows both tubes as triodes. Either
or both might be a pentode without changing the operating
principle.
Capacitor Cp and resistor Rp are in parallel with the tuned
circuit of the oscillator. Consequently, across this capacitor and
resistor is applied voltage at the frequency of oscillation. The
capacitance at Cp is very small, as is also the resistance at Rp.
Then the capacitive reactance is large in comparison with the
resistance. In any circuit where the reactance is chiefly capacitive
the current leads the applied voltage. The lead would be 90 degrees were the reactance wholly capacitive. Because of this condition the current through Rp leads the oscillating applied voltage
by almost 90 degrees.
248
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In any resistance the current and voltage must be in phase,
with neither lag nor lead. Then, since the voltage across Rp must
be in phase with its current, this voltage is leading the applied
oscillating voltage by almost 90 degrees. Resistor Rp is between
cathode and ground of the reactance tube, so the voltage existing
across Rp is applied to the reactance tube as a signal. This signal
D-C Controlling Voltage

Oscillator

B+
La
Cp
tLb

Reactance
Tube

Rp

Fig. 13-I.—A reactance tube for controlling the frequency of on oscillator.

voltage, leading the oscillator voltage, is amplified by the reactance tube and put into the tuned circuit of the oscillator through
coupling capacitor Cc.
The leading voltage from the reactance tube combines with the
original oscillator voltage to make the resulting voltage leading
with reference to that which would exist without the reactance
tube. A leading voltage, or lagging current, in any ordinary tuned
circuit is the kind accompanying more inductance in that circuit.
We have here the same effect as though inductance were added
to the tuned circuit. The result is a lowering of oscillator frequency, as would be caused by addition of actual inductance to
the tuned circuit.
The strength of leading voltage from the reactance tube depends on the gain in this tube. The gain may be varied by changing the voltage of the grid in relation to the cathode voltage of
the reactance tube. The less negative the grid the greater will
be the gain and the more the oscillator frequency will be lowered.
Making the grid more negative allows oscillator frequency to
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approach its value with no reactance tube. The d-c controlling
voltage for the grid may be obtained from either a discriminator
or a phase detector, the latter being generally similar to a ratio
detector used in sound circuits.
Afe Discriminator.—Fig. 13-2 shows a discriminator circuit for
furnishing to the grid of the reactance tube a d-c voltage which
varies with any changes of oscillator frequency. At the right are
parts La and Lb of the tuned winding of the oscillator circuit in
Fig. 13-1. These now are the primary of the discriminator trans..
Filter

To Reactance
Grid

_cali Lb
Pulses
From Sync

Oscillator
Circuit

Section

Fie. 13-2.—Discriminator operated by sync pulses and oscillator voltage, and
furnishing a grid voltage for a reactance tube.

former whose secondary connects to the plates of the discriminator diodes. Oscillator current in the primary follows a sine
wave and induces in the secondary a sine wave voltage which is
alternately positive and negative at the diode plates with respect
to the secondary center tap. During the half-cycle in which each
diode plate is positive, that diode will conduct. Current in diode
A will flow in resistor Ra and back to the center tap of the transformer secondary. Current in diode B will flow in resistor Rb
and to the center tap. These currents are in opposite directions
in Ra and Rb. If the currents are equal the voltage drops across
the resistors will be equal and opposite, leaving the net voltage
difference zero across both resistors. This is just what happens
when the oscillator frequency coming through the transformer
coupling is exactly equal to the frequency for which the transformer secondary is tuned.
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1f oscillator frequency becomes higher or lower there will be
more current in one diode than in the other, as is the case with
any discriminator. Then there are unequal currents and unequal
voltages in resistors Ra and Rb, with the result that the voltage
difference across both resistors no longer is zero, but is positive
or negative in accordance with which way the oscillator frequency has changed.
The top of resistor Ra is connected through a filter system to
the grid of the reactance tube. The bottom of Rb is connected to
a bias voltage 11
2
/
or 2 volts negative, which is the bias for the
reactance tube grid. If the voltage at the top of Ra becomes
positive with reference to voltage at the bottom of Rb, due to
change in oscillator frequency, the voltage is made less negative
at the grid of the reactance tube. This increases the gain in the
reactance tube, adds more inductance effect in the oscillatoT
tuned circuit, and lowers the oscillator frequency. If the discriminator voltage becomes negative, due to oscillator frequency
changing in the opposite direction, the bias for the reactance
tube becomes more negative. This reduces the gain in that tube,
lessens the inductive effect in the oscillator tuned circuit, and
oscillator frequency increases.
Any variation of oscillator frequency away from the resonant
frequency of the transformer secondary causes a discriminator
d-c voltage which acts through the reactance tube to bring the
oscillator frequency back where it belongs.
Sync pulses are put into the discriminator circuit through the
connection at the lower left. These pulses are applied to the
center tap of the transformer secondary, consequently act
through both halves of this winding to make both diode plates
positive and negative at the same time. Only positive pulses
cause conduction. Currents in the two diodes flow in opposite
directions in resistors Ra and Rb, producing equal and opposite
voltage drops which cancel so far as output to the reactance grid
is concerned, at least so long as the currents and voltages are
equal.
If oscillator frequency becomes faster or slower than sync
pulse frequency there are unequal voltages applied to the two
diode plates, unequal currents and voltages in resistors Ra and
Rb, and a difference voltage across these resistors which be-
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comes either positive or negative in accordance with the direction
in which oscillator frequency changes.
The action is illustrated by Fig. 13-3. The sine waves represent
diode plate voltages due to the oscillator frequency. These waves
are in opposite phase at the two diodes. Added sync voltage
pulses are shown on the sine waves. When the oscillator is in
time with the sync pulses the pulse voltages occur as the sine
waves go through zero, and add equally to voltages on the plates
of both diodes to produce no effect on the reactance tube.
If the oscillator frequency becomes fast in relation to the sync
pulses, the pulse voltages drop lower for diode A while rising
Diode A

Diode

B

Pulses
Osci Ilator
In Time

Oscillator
Fast

Oscillator
Slow
Fig. 13-3.—How sync pulse voltages and oscillator voltage combine
in the discriminator.

higher for diode B. Then there is more current in diode B than
in A, unbalanced voltages in resistors Ra and Rb, and a correction voltage is applied to the reactance tube grid. If oscillator
frequency becomes slow the sync voltages rise higher for diode
A than for diode B, and a correction voltage of opposite polarity
goes to the grid of the reactance tube.
Voltage waveforms as shown by Fig. 13-3 exist at the pins of
the discriminator tube, but are difficult to observe with the
oscilloscope because of the high frequencies involved and because
the oscilloscope leads upset the timing and destroy the wave-
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form. The oscillator generates approximate sine waves. These
may be observed with the scope connected to the oscillator grid,
to the reactance tube cathode, and to the reactance tube plate.
The sine waves come through the discriminator transformer,
and may be observed at the discriminator tube. The added sync
pulses are on the sine waves in the discriminator circuit only
while a signal is being received.
The filter shown in Fig. 13-2 between discriminator output and
reactance tube grid prevents electrical interference from affecting the oscillator timing. Voltage pulses due to interference can
add themselves to the sine waves much as do the regular sync
pulses. When the interference pulses are of very short time
duration they make only a momentary change in discriminator
output voltage. The filter is a time delay network which passes
only the average effect of voltage changes from the discriminator, and momentary interference pulses do not get through the
filter.
A complete diagram for a horizontal afc system using a discriminator is shown by Fig. 13-4. Circuits for the discriminator,
reactance tube, and oscillator are the same as in other diagrams,
but the latter two tubes are shown as pentodes. In some receivers
the transformer secondary is connected to the discriminator
Sync
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diode cathodes, with the load resistors between the diode plates.
To the oscillator plate is coupled a discharge tube which acta
like discharge tubes previously examined. Between oscillator
and discharge tube is a high-pass filter which changes the output
voltage of the oscillator into sharply peaked pulses which make
the grid of the discharge tube momentarily positive. This allows
discharge of the sawtooth capacitor, which is in the plate circuit
of the discharge tube.
Afc Discriminator Adjustment.—As shown by Fig. 13-4 there
are three adjustments in this afc system. The hold control on the
oscillator grid is a front panel control for use by the operator.
The frequency adjustment is a slug which tunes the transformer
primary or oscillator winding, and the phasing adjustment is
a slug which tunes the secondary winding. These are service
adjustments. The frequency slug is reached from the top of the
transformer, the phasing slug from the bottom. Adjustment
procedure is as follows:
1. Tune in a signal, preferably one carrying a test pattern.
2. The pattern or picture should hold in synchronization with
the hold control rotated from the center of its range all the way
or nearly all the way to either extreme position, or through the
center two-thirds to three-fourths of its range.
3. If the pattern or picture does not hold in as described, vary
the frequency adjustment until the condition is corrected.

1.3-5.—A blanking bar in the picture area indicates misadjustracsat of
the discriminator phasing control.
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4. The phasing adjustment requires attention if there is a
vertical black blanking bar in the picture area, as illustrated by
Fig. 13-5, or if one side appears as though folded over. Adjustment is made according to the following steps.
5. Set the hold control at its center position.
6. Set the contrast control somewhat below normal position
and turn up the brightness until diagonal white lines just become
visible.
7. Adjust the phasing slug to move the blanking bar just out
of the picture area on the right-hand side, leaving the left side
of the pattern or picture close to the raster edge, and without
either fold-over or vertical white streaks on the left.
8. As the hold control is rotated the pattern or picture should
move to the right and left, but should remain synchronized
through all or most of the hold control range. If there is fold-over
it should be approximately equal on both sides as the hold control
is turned one way and then the other.
9. With the hold control in various positions turn the receiver
off and on again. The pattern or picture should pull in through
most of the hold control adjustment range.
Phase Detector and Reactance Tube.—In Fig. 13-6 the horizontal oscillator, the reactance tube, and the discharge tube, are
much the same as in the circuit previously examined. Now, however, the oscillator tuning coil does not form one of the windings
of a transformer to furnish a voltage wave for the control circuits. In the circuit which furnishes avarying d-c voltage for the
grid of the reactance tube there is a phase detector whose output
goes through an interference reducing filter to the reactance grid.
The plate of the diode on the input side of the phase detector is
coupled to the plate of the sync inverter, which is the last tube
in the preceding sync section. The cathode of the diode on the
input side of the phase detector is coupled to the cathode of the
inverter. Thus, to the plate and cathode on the input side of the
phase detector are simultaneously applied sync pulse voltages of
opposite polarity. To the center tap between input resistors Ra
and Rb is applied a sawtooth voltage wave obtained through
coupling from the deflection output or from the horizontal
deflection coil.
How the sync pulses and sawtooth waves combine in the input
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to the phase detector is shown by Fig. 13-7. Diode A is conductive
only when its plate is made positive by positive sync pulses from
the plate of the inverter, or by the sawtooth, or the combination
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Fig. 13-6.—Horizontal ah system including a phase detector and reactance tube.

of both. Diode B is conductive when its cathode is made negative
by negative pulses coming from the inverter cathode, or by the
sawtooth, or both.

Sweep
In Time

Sweep
Too Fast

Sweep
Too Slow
Fig. 13-7.—How sync pulse voltages and a sawtooth voltage from the sweep
output combin• in the phase detector.
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When the sawtooth wave, and deflection at the picture tube,
are correctly in time with the horizontal sync pulses the combination voltages are as shown at the top of Fig. 13-7. If the
sweep becomes too fast the sync voltages ride down into the
sawtooth for diode A, but cause decided negative peaks of voltage
for diode B. If the sweep becomes too slow the sync pulses cause
positive voltage peaks for diode A and drop into the sawtooth
for diode B. When sweep frequency deviates from sync frequency
in one direction the resulting output from the phase detector
makes the reactance tube grid more negative, and with deviation
in the opposite direction the reactance grid is made less negative
or positive. Then the reactance tube varies the effective inductive
reactance of the oscillator circuit to bring the sweep frequency
into time with the sync pulses.
The hold control, acting on the oscillator grid, is a front panel
control for the operator. The frequency adjustment, which tunes
the oscillator coil, is aservice adjustment. The Admiral Corporation, which employs this afc control in some receivers, gives the
following instructions for adjustment:
1. Set the horizontal hold control all the way counter-clockwise.
2. Turn the horizontal lock (frequency adjustment) clockwise
until the pattern falls out of synchronization.
3. Turn the horizontal lock counter-clockwise until the pattern
just falls back into synchronization.
4. Set the horizontal hold control fully clockwise and turn the
channel selector to the next higher channel, then back to the
original channel. The pattern should return to synchronization.
Should the pattern be broken up, slowly turn the horizontal hold
control counter-clockwise until the picture just falls into synchronization. If this control has to be rotated more than 25 per
cent to obtain synchronization, look for trouble in tubes of this
section, in leaky capacitors, faulty resistors, poor connections,
and so on.
Hold Control Action.—The hold control resistors shown on
grids of the sine wave oscillators so far considered in this
chapter do not act in the same way as hold controls on blocking
oscillators and multivibrators discussed earlier. With blocking
oscillators and multivibrators giving equivalent results the hold
controls are grid leak resistors which determine the time periods

AUTOMATIC CONTROL OF SWEEP FREQUENCY 253
during which the tubes are held non-conductive by negative grid
voltage.
In the sine wave oscillators the hold control resistors provide
an adjustable negative bias for the tubes. This bias is obtained
from a charge which is negative on the side of the grid capacitor
toward the grid. The amount of charge and the degree of negative
grid bias is varied by the hold control acting as agrid leak. When
this bias is sufficiently negative to cause plate current cutoff with
negative peaks of oscillator grid voltage we have the effect shown
at the left in Fig. 13-8.
Cutting the peaks from one side of the signal in the oscillator
plate circuit leaves in this output a sort of square wave, not a
sine wave. When this square wave goes through the high-pass
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fig. 13-8.—How the hold control varies the width of square waves from tie
oscillator, and the time between leading edges of pulses applied
to the discharge tube grid.

filter leading to the discharge tube grid the filter output is a
series of positive and negative voltage pips. The positive pips
make the grid of the discharge tube positive, and this allows
discharge of the sawtooth capacitor which is in the plate circuit
of the discharge tube.
The more negative the bias at the oscillator grid, as regulated
by the hold control, the more of the sine waves is cut off. Then the
time between successive corners of the square wave, represented
at a in Fig. 13-8, becomes longer. This is the same time interval
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as between successive positive pulses at the grid of the discharge
tube. It is in this manner that the hold control varies the time
intervals between successive discharges of the sawtooth capacitor. These waveforms at various points in the control system may
be observed with the oscilloscope.
Phase Detector with Dc Amplifier.—The d-c voltages in the
output of a phase detector when there is deviation of sweep
frequency may be strengthened by a d-c amplifier as shown by
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Adjust.

is

Fig. 13-9.—A d-c amplifier between the output of a phase detector and the
grid of o sweep oscillator.

Fig. 13-9. The output of the d-c amplifier is applied here to a
multivibrator sweep oscillator. When voltage on one of the grids
of such an oscillator becomes more or less positive there are
accompanying changes of oscillator frequency. The hold control,
in series between phase detector and amplifier, varies the voltage
reaching the amplifier grid.
In the cathode circuit of the multivibrator is aparallel resonant
circuit whose frequency may be tuned to control the oscillator
frequency. This is a service adjustment, while the hold control
is for the operator. With the hold control set at the center of its
range, the cathode frequency adjustment is tuned to give the best
possible conditions of horizontal hold-in and pull-in. These conditions have been described in connection with other controls.
Phase Detector to Multivibrator.—Fig. 13-10 shows ahorizontal
afc circuit in which the d-c output of a phase detector is applied
directly to one of the grids of a multivibrator sweep oscillator.
One plate and one cathode of the detector are coupled respectively
to the plate and cathode of a sync inverter, the last tube in the
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sync section. The inverter delivers positive sync pulses to the
detector plate, and negative sync pulses to the detector cathode.
The other cathode and other plate of the detector are connected
together, and to them is applied a sawtooth voltage secured from
the sweep output circuits.
The sawtooth voltage on both diodes and the positive and negative sync voltages combine in the manner illustrated by Fig. 13-7.
When the sweep output is correctly in time with the sync signals
the voltage at the tap between resistors Ra and Rb is zero. When
the sweep sawtooth varies there is an increase of peak-to-peak
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Fig. 13-10.—A phase detector output coupled to one of the grids of a
multivibrator sweep oscillator.

voltage on one diode and a decrease on the other, there are unbalanced voltages in the two resistors, and a positive or negative
voltage is applied to the grid of the multivibrator, depending on
the direction of frequency deviation. Varying the voltage at this
grid changes the multivibrator frequency and the resulting frequency of the sweep to bring the sweep into time with the sync
pulses.
In the plate circuit of the left-hand multivibrator is a tuned
resonant circuit which is a service adjustment for oscillator frequency. Adjustment is made as follows:
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1. Tune in a transmitted signal, preferably one carrying a
test pattern.
2. Set the hold control, afront panel adjustment, at the center
of its adjustment range.
3. If the pattern does not lock in, adjust the slug of the frequency control coil until it does so.
4. Rotate the hold control all the way clockwise, then turn it
slowly back counter-clockwise. Three or four sloping black bars
should appear just before the pattern locks in.
5. Rotate the hold control all the way counter-clockwise, then
slowly back. Again ínere should appear three or four sloping
black bars just before lock-in. The pattern may drop out of
synchronization at both ends of the hold control range without
indicating need for adjustment. If the conditions of this step are
not satisfied, readjust the frequency control until they are.
Oscillator Bias for Afc.—Fig. 13-11 shows acircuit with which
the grid bias of a blocking oscillator is automatically varied to
provide control of horizontal sweep frequency. There is oscillation feedback from plate to grid of the oscillator through the
control coil shown above the oscillator tube. Output to the sweep
amplifier is from the center tap of this coil. During normal operation of the oscillator there is produced a strongly negative grid
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Fig. 13-11.—florizontal ah system in which the control varies grid bias ed
the oscillator.
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bias by action of grid capacitor Cg and grid resistor Rg, as is
the case with any blocking oscillator. This highly negative bias is
applied also to the grid of the afc tube through resistor Ra.
"Sync

Sweep
In Time

Pulses

t

•--Sowtooth

Sweep
Too Fast

Sweep
Too Slow
Fig. 13-12.—How the duration of sync pulse voltages is varied by cambial»g
the sync and sawtooth voltages in the afe triode.

To the grid of the afc tube come also two other voltages. One
consists of the positive sync pulses from the connection at the
upper left which is the output of the sync section. The other
voltage on the afc grid is asawtooth wave from the sweep output,
brought by way of the connection at the lower right. Combinations of the two voltages are shown by Fig. 13-12. When the sawtooth voltage from the sweep output is correctly in time with the
sync pulse voltages about half of each pulse rides on the sawtooth
peak and other half is down in the trough between peaks. While
the pulse is on top of the peak the combined positive voltages are
great enough to make the afc tube conductive. These combined
voltages overcome the negative bias coming from the oscillator
grid circuit. Conduction in the afc tube then lasts for about half
the duration of each sync pulse voltage.
If the sweep is too fast more of the sync voltages drop into the
trough, or maybe all of each pulse drops thus. Then there never
is voltage sufficiently positive to make the afc tube conductive.
On the other hand, if the sweep is too slow, all or nearly all of
every sync voltage will ride on the sawtooth peak. Then the afc
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tube will conduct during periods as long as the periods of the
sync pulse voltages.
Every period of conduction in the afc tube charges the two
capacitors of the filter in Fig. 13-11, with the upper plates of
these capacitors made positive. The greater the total conduction
per second in the afc tube the greater is the charge put on these
filter capacitors. Positive voltage resulting from capacitor charges
counteracts more or less of the negative voltage produced across
resistor Rg by the oscillator, this being the negative grid bias for
the oscillator.
Thus it comes about that the slower the sweep tends to become,
the greater is the charging of the filter capacitors and the less
negative becomes the voltage at the oscillator grid. The less negative the voltage at the grid of a blocking oscillator the higher
becomes the oscillation frequency. Thus a slowing down of the
sweep results in a speedup of oscillator frequency to make the
necessary correction.
Fig. 13-13 shows the general form of oscilloscope traces taken
in this particular type of horizontal afc system. At the left is the
input to the grid of the afc tube. This trace results from the action
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fig. 13-13.—Oscilloscope traces from the horizontal ofe system employing
a voltage-combining triode.

illustrated by Fig. 13-12. The center trace, from the cathode of
the afc tube, shows quite clearly the positive voltage pips that
charge the filter capacitors. At the right is a trace from the
oscillator grid. A somewhat similar trace, showing oscillations
of voltage, may be had from the plate of the oscillator.
There are four adjustments in this horizontal afc system. The
hold control, a front panel adjustment for the operator, varies
the voltage at the plate of the afc tube and thus varies the
strength of charging pulses put into the filter capacitors when
there is frequency deviation. This control will vary the oscillator
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frequency by about five per cent. The remaining controls are
service adjustments. The lock control acts as a bypass capacitor
to vary the amplitude of the sawtooth waves at the afc grid. The
range control is in parallel with the filter capacitors to vary the
effective filter capacitance and charge voltage. The adjustable
slug in the control coil tunes the oscillator grid-plate circuit.
The following adjustment instructions are given by Philco
Corporation, which employs this method of horizontal afc in
some models.
1. Make the following preliminary settings.
a. Frequency trimmer capacitor 11
2
/
turns counter-clockwise from the maximum clockwise position.
b. Drive trimmer (in grid circuit of sweep amplifier) 2
turns counter-clockwise from maximum clockwise
position.
c. Lock trimmer 1/
2 turn counter-clockwise from maximum
clockwise position.
b. Horizontal hold control to approximate center of its
range.
2. Tune in a station, and adjust the slug of the control coil
until the picture is brought into sync. (In some receivers this
slug is called the frequency adjustment.)
3. Adjust the contrast control for normal contrast.
4. Turn the horizontal hold control fully clockwise.
5. Adjust the slug of the control coil until 8 to 10 stationary
blanking bars appear, sloping downward from the left side of
the picture tube. If this cannot be accomplished, turn the frequency trimmer capacitor another full turn counter-clockwise,
and repeat this step.
6. Turn the horizontal hold control counter-clockwise until
the picture is brought into sync; continue to rotate this control
until the picture falls out of sync. In some cases the picture will
not go out of sync, even though the horizontal hold control is
turned to its extreme counter-clockwise position. If this is the
case, momentarily short the antenna terminals. When the short is
removed the picture will be out of sync.
7. Slowly turn the horizontal hold control clockwise, and note
the change in number of blanking bars appearing on the picture
tube. The number of bars should decrease as sync is approached.

260

APPLIED PRACTICAL RADIO-TELEVISION

Just before the picture falls into sync, there should be 31/
2 to
41/
2 bars sloping upward from the left side of the picture tube.
8. If there are more than 41/
2 bars, turn the lock control capacitor another 1/
4 turn clockwise, and repeat steps 4. through 8. If
there are fewer than 31/
2 bars, turn the lock control capacitor
another 1/
4 turn counter-clockwise, and repeat steps 4 through 8.
Afc Diode for Oscillator Bias. — Fig. 13 14 shows a horizontal
afc system in which a diode coupled to the output of the sync
section is used to vary the bias and the frequency of a blocking
oscillator. The following explanation is adapted from literature
of Motorola, Inc., in some of whose receivers this method is
employed.
Capacitor Ca, across the primary of the afc transformer,
changes the sync pulse to an a-c wave which is coupled to the
plate of the afc diode through the transformer secondary. Resistor Ra damps the secondary. There is a small negative sawtooth across capacitor Cb, but this does not materially affect the
operation. Resistor Rb, in series with capacitor Cc, form a network which differentiates the horizontal sawtooth of the cathode
sweep voltage on capacitor Cd, producing anegative retrace pulse
which is fed to the cathode of the afc diode.
Note that here we are obtaining from the oscillator output, on
its cathode side, a voltage pulse derived from the steeply sloped
AFC
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B-ISync
Clipper

AFC
Diode

CC 1
Fig. 13-14.--Horizental air system employing a diode-conneded triode for
varying the oscillator grid voltage.
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side of the sawtooth wave which occurs upon discharge of the
sawtooth capacitor. Then the timing of the voltage pulse going
back to the cathode of the afc diode is the timing of the sweep
which is acting on the picture tube. At the same time we have
obtained from the sync section an a-c wave, approximately a
sine wave, whose timing corresponds to the horizontal sync frequency of the received signal. This is the reverse of some other
systems which have been examined, wherein a voltage pulse is
dbtained from the sync section, and either a sine wave or a sawtooth wave is brought back from the oscillator or the sweep
output.
How the two voltages combine is illustrated by Fig. 13-15.
When the sweep is correctly in time with the sync signal the
sweep pulse rides midway up the positive amplitude of the sync
wave. When the sweep is slower than the sync the sweep pulse
rides higher, becomes more positive, and when the sweep is fast
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Fig. 13-1.5.—How pulses representing sweep timing, and a sine wave
representing sync timing, me combined in the afc diode.

the pulse rises lower, becomes less positive. The combination
becomes positive because the negative retrace pulse on the
cathode of the afc diode is equivalent to a positive pulse on the
plate.
When the sweep is fast, and the pulse becomes more positive,
the afc diode forces more current through resistor Re and the
hold control resistance. More current increases the voltage drop,
increases the bias on the oscillator grid, and slows down the
oscillator frequency. If the sweep becomes too slow, the pulse
becomes less negative and the afc diode forces less current
through resistor Rc and the hold control. This decreases the
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oscillator grid bias and tends to speed up the oscillator frequency.
These two actions change the charge and the voltage across
capacitor Cb, which is in parallel with resistor Re and the hold
control. Capacitor Cd and resistor Rd have a time constant long
enough to hold the horizontal sweep in synchronization through
aperiod of 20 to 50 lines.
We have examined enough horizontal afc systems to bring out
a fundamental principle common to all of them, and to others
which have not been discussed. Always there is an electrical
comparison of the horizontal sync frequency, coming from the
sync section, with the actual horizontal sweep frequency as derived from the horizontal oscillator or from sweep circuits which
are between oscillator and picture tube deflection plates or coils.
The comparison or combination of pulses and waves always
produces in some manner avoltage which acts directly or through
other tubes on some characteristic of the oscillator which alters
the oscillation frequency in a direction which corrects or compensates for the change of sweep frequency

Chapter 14
SWEEP AMPLIFIER AND DEFLECTION CIRCUITS
The sweep amplifier and deflection circuits extend from the
output of the sweep oscillator or discharge tube all the way
through to the deflection plates of electrostatic picture tubes or
to the deflection coils of magnetic picture tubes. There are decided
differences between circuits for electrostatic and magnetic deflection, and, especially with magnetic deflection, there are great
differences between circuits for vertical and horizontal systems.
Electrostatic Deflection Amplifiers.—Basie features found in
amplifiers for electrostatic deflection are shown by Fig. 14-1.
The circuit is very similar to push-pull resistance-capacitance
coupled audio output circuits found in many receivers for sound
radio.
The sawtooth voltage produced in the sawtooth capacitor by
action of the sweep oscillator or discharge tube is applied to the
grid of amplifier A. The plate output of this tube is applied
through coupling capacitor Ca to one of the vertical deflection
plates or one of the horizontal deflection plates of the picture

From
Oscillator
or Discharge
Tube
1

I

Saw7-toTth
Capacitor

8+

8

8+

De lection
Plate
Voltage

Fig. 14-I.—An electrostatic deflection amplifier circuit.
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tube, depending on whether we consider the vertical or horizontal
deflection system.
The output of amplifier A is coupled also to the grid of amplifier B, and the plate output of amplifier B is coupled through
capacitor Cb to the other vertical or horizontal plate of the picture tube. The voltage applied to the grid of tube B is amplified
by this tube. Were the full output voltage of amplifier A applied
to the grid of B the deflection voltage applied to the picture tube
from B would be much greater than from tube A. To reduce the
output of tube B to the level of that from tube A, the grid of B
is fed from a point low down in the voltage divider formed by
resistors Ra and Rb. The ratio of voltage across the entire divider
to the voltage across section Rb is the same as the ratio of gain in
amplifier B.
There may be many modifications of this circuit without affecting the general principle of equalizing the amplifier outputs. For
example, in Fig. 14-2 the voltage divider feeding amplifier B
consists of capacitor Ca in series with resistor Rb. Since the B+

Fig. 14-2.—Capacitor coupling to tho inverter for oloctrostobc dolloctioo.

voltage for tube A cannot now be taken through the voltage
divider capacitor it is moved over to the same point as the B+
connection for tube B. Instead of using the resistors shown
between B-1- and the tube plates, the impedances in series with
B + may be chokes, or some combination of resistors and chokes.
The inversions of sawtooth polarity are shown by Fig. 14-3. At
1 is the voltage wave from the sawtooth capacitor as it charges
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Fig. l44.--inversions of sawtooth polarity between oscillator and piclw•
tube for eledrostatic deflection.

and discharges. This wave is inverted between grid and plate of
tube A, and appears on one of the electrostatic deflection plates
as at 2. The inverted wave is applied to the grid of tube B as
shown at 3. The wave is inverted in this tube and reaches the
other deflection plate as at 4. Thus each deflection plate becomes
more positive as the opposite plate of the same pair becomes
more negative, and vice versa, as required for deflection of the
electron beam.
In Fig. 14-4 there is only a single sweep amplifier, with the
necessary inversion of sawtooth wave polarity obtained by
taking the voltages from opposite ends of a center-tapped autotransformer fed from the amplifier plate. When employing a
transformer for sweep output there is a tendency toward deformation of the voltage waves applied to the picture tube. This
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14-4.—Verticol electrostatk deduction will. • dusk imaplifier.
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is corrected by the feedback from output to amplifier grid
through capacitor Cf and resistor Rf.
In Fig. 14-5 there is no sweep amplifier, the blocking oscillator
is coupled directly to the deflection plates of the picture tube. The
required inversion of sawtooth waves at the picture tube is
obtained by taking one of these voltages from the oscillator plate,
through the oscillation transformer, and taking the other voltage
from the oscillator cathode. The cathode wave is of the same
polarity as that on the oscillator grid, while the plate wave is
inverted with respect to grid and cathode waves.
The double choke connected across this deflection circuit permits a connection from the oscillator plate line through the size
control to B+, but prevents discharge of the sawtooth capacitor
through this path while the oscillator tube is conductive. The

Choke
Cs

Osc

Hold

Size

2

B+

Fig. 14-5.—Electrostatic deflection system employing no amplifier.

very sudden change of current in the choke causes such a high
counter-emf as to effectively impede the current. The choke acts
like any large inductance, in having high impedance to a large
alternating current or to any sudden change of current in the
winding.
Waveforms observed with the oscilloscope connected to various
points in an electrostatic deflection system will show sawtooth
voltages essentially as illustrated by Fig. 14-3. At opposite plates
of either pair in the picture tube must be waves of opposite or
inverted polarity. Because of the very high voltages at the tube
itself, tl-?se waveforms should be taken only from the plates of
the deflection amplifiers, or from the tube side of the capacitors
which couple the deflection voltages into the picture tube plates.
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There will be inversion of wave polarity when shifting the scope
from grid to plate of any tube in the system, but no inversion
when shifting from grid to cathode of the same tube. Waves at
plate and cathode of the same tube will be of opposite polarity.
Irregular waveforms observed at some points in asystem may be
corrected at points closer to the picture tube plates. Sometimes
the irregularities are due to poor frequency response of the
scope when working at horizontal deflection frequencies.
Magnetic Deflection Amplifiers.—In anumber of receivers employing magnetic deflection for the picture tube we find avertical
sweep system such as shown by Fig. 14-6. These circuits extend
from the plate of the vertical oscillator or discharge tube through
to the vertical deflection coils which are part of the deflection
yoke on the neck of the picture tube.
The vertical amplifier tube may be a power triode, or a power
pentode, or it may be a pentode or a beam power tube connected
with plate and screen together to act as a triode. The height
control resistor in the B+ lead to oscillator or discharge tube,
also the sawtooth capacitor Cs and negative peaking resistor Ra
have been described earlier. You will recall that the purpose of
resistor Rs is to so retard the discharge of the sawtooth capacitor
as to produce anegative square pulse at the beginning of the sawtooth charge period, thus producing the waveform required to
induce asawtooth current in magnetic deflection coils.
Vert
Osci Ilator

Vert Output
Amp
Cg

or Discharge

Vert.
Deflection
Coils

Height

El+

-=
-zVertical
Linearity

..>
e

Z.
E8+

Ver ti c
1
ol
Centering

No. 144.—A ~tied wipe» camatiller deœlt for ategstais deflection.

268

APPLIED PRACTICAL RADIO-TELEVISION

The sweep amplifier is biased by grid rectification with grid
capacitor Cg and grid resistor or leak Rg, also by cathode bias
resulting from resistors between cathode and ground or B—. The
cathode bias is adjustable. It is called a vertical linearity control
because, when correctly adjusted, it helps distribute the picture
uniformly from top to bottom of the screen. This and other
linearity controls will be discussed a little later.
The plate circuit of the output amplifier includes the primary
of the vertical output transformer. In the secondary circuit of
this transformer are the two halves of the vertical deflection
coils. Across each coil is shunted a resistor which prevents oscillating currents from being set up by inductance and capacitance
in the coil circuit.
In some receivers there is a vertical centering control such as
shown by broken lines. The resistor of this control carries direct
current and has a d-c voltage drop across it. Adjustment of the
slider causes a direct current to flow in the deflection coils, in
addition to the sawtooth deflection current. The electron beam is
deflected farther toward the top or farther toward the bottom
to raise or lower the picture on the screen. The direction depends
on which way the direct current flows through the coils. Vertical
centering is accomplished in other receivers by tilting the focus
coil with reference to the axis through the neck of the picture
tube.
The circuit shown at the left in Fig. 14-7 is in general use for
vertical sweep amplifiers. It differs from the previous circuit in
that the low end of peaking resistor Rs is connected to the
amplifier cathode rather than to ground. This puts the discharge
current from sawtooth capacitor Cs through the cathode bias
resistors of the amplifier. The result is to produce, during the
discharge period, a large current and voltage drop in the bias
resistors. This makes the amplifier grid highly negative with
reference to its cathode during the discharge period. This is the
negative voltage which appears in the square pulse preceding the
sawtooth portion of the grid signal. The time constant which
determines how much charge is held on the sawtooth capacitor
now is affected not only by Rs but by the effective resistance
between cathode and ground.
Still another vertical amplifier circuit is shown at the right in
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Fig. 14-7.—amuits for sawtooth capacitors in vortical amplillor sgeMisee
for magnetic deflection.

Fig. 14-7. Here the oscillator plate and amplifier grid are conductively connected and operate at the same average voltage. All
the resistance between the negative side of the discharge capacitor and ground is in the cathode resistors of the amplifier.
In all vertical amplifier circuits which have been illustrated
the capacitance of the bypass across the cathode resistors is very
large. The value usually is something between 10 and 150
microfarads.
Oscilloscope traces taken from any of the vertical amplifiers
whose circuits have been shown should have the general appearance of Fig. 14-8. The negative square pulses on the grid reappear
on the plate as sharp positive pulses. The gradual sawtooth slope
between pulses will not always be straight, as shown, but may
have some curvature either upward or downward. The depth or
height of the negative and positive pulses, in comparison with the
height of the sawtooth portion of the wave, will vary with
changes in settings of various controls, but this will not alter
the characteristic form of the traces.
Height controls in the preceding circuit diagrams for vertical
output amplifiers have been shown as adjustable resistors in
series with the B-supply to the oscillator or discharge tube. This
control was discussed earlier in connection with oscillators. It is
quite generally used for receivers having either electrostatic or
magnetic deflection picture tubes. The same type of control is
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found also in the circuits of horizontal oscillators and sweep
amplifiers, then being a width control. As B+ voltage for charging the sawtooth capacitor is increased by reduction of control
resistance, the effect is to increase the height of the sawtooth
portion of the wave. It is the height or amplitude of the sawtooth
wave which determines how far the picture tube beam travels
vertically or horizontally when other factors remain unchanged.
Defective Interlacing.—The active lines or horizontal traces
for one field are supposed to be spaced midway between lines of
preceding and following fields. This is called interlaced scanning.
If the lines of the two fields overlap or coincide evenly over the
whole screen area there will be a very coarse pattern vertically,

,....................„,
r
Grid

i

%.......
Plate

fly. 14-S.—Oscilloscope traces from a vertical amplifier for magnetk deflection.

for there will be only half the correct number of lines. Sometimes
there will be tiny white beads on some horizontal lines, and if the
edge of the picture is examined it may appear jagged or stepped.
If interlacing is farther out at the center or near the center than
at the top and bottom, there will be white horizontal streaks
across the picture. The usual cause for defective interlacing is
afaulty vertical sweep amplifier tube. The remedy is replacement
with another tube.
Horizontal Amplifiers for Magnetic Deflection.—So many
things happen at the same time between the output from the
sweep oscillator or discharge tube and the horizontal deflection
coils that it is difficult to discuss any one feature without having
to mention others. For this reason we may look first at Fig. 14-9
where are shown in rather simple form many of the details found
in a great many horizontal output systems.
At the left is the connection from the preceding horizontal
oscillator or discharge tube, to which are connected the B+ lead
and the sawtooth capacitor Cs. Doubtless you note that there is in
series with the sawtooth capacitor no resistance to delay the dis-
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charge and cause formation of a negative square pulse preceding
the sawtooth voltage. It has been explained earlier that such a
combination wave of voltage, applied to deflection coils, produces
a plain sawtooth current in spite of the high inductive reactance
of the coils. In the circuit illustrated the deflection coil reactance
is made rather small, and the output amplifier is a beam power
type (6BG6-G) having high plate resistance. Then in the entire
plate circuit, including the transformer and deflection coils, the
resistance is enough greater than the coil reactance to allow a
sawtooth voltage wave to produce a sawtooth coil current for
deflection. In other circuits to be shown there will be a negativepeaking resistor on the sawtooth capacitor lead, but the resistor
is not absolutely necessary when the deflection circuits are
designed to work without it.
Connected to the upper parts of the transformer windings is a
high-voltage half-wave rectifier tube which furnishes a potential
of 8,000 volts or more for the high-voltage anode of the picture
tube. The windings and rectifier form part of a "flyback" high..
voltage supply which will be examined later.
Shunted across the lower end of the main secondary winding ot
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144.--Typical connections between a horizontal sweep oscillator and
horizontal deflection coils.
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the transformer is an adjustable inductor forming a width control. Adjustment of the powdered iron core in this unit varies the
effective secondary inductance of the transformer, varies the
output voltage and resulting deflection coil current, and thus
varies the horizontal distance traveled by the beam in the picture
tube.
Connected into the deflection coil circuit is a diode tube called
a damper. Its chief purpose is to prevent oscillation in the coil
circuit at a frequency corresponding to circuit inductance and
capacitance. During the first cycle of such oscillation the damper
tube conducts so heavily when its plate becomes positive that no
additional cycles can occur. The energy represented in pulses of
damper current is not wasted, but is added to energy taken from
the B-supply and used to increase the voltage applied through the
transformer primary to the plate of the output amplifier tube.
Between the damper cathode the amplifier plate, by way of the
transformer primary, is another adjustable inductor which is a
control for horizontal linearity or for helping to obtain uniform
and correct distribution of picture elements from left to right
on the screen.
Now that we know in ageneral way the purposes and electrical
locations of some parts which are common to many deflection
circuits we may proceed to consider the important details.
Resistance Control for Peaking or Drive.—In Fig. 14-10 we
have in series with the sawtooth capacitor an adjustable resistor
which connects through the amplifier cathode resistor Rk to
ground. The resistance between the negative side of the sawtooth
capacitor and ground delays the capacitor discharge and produces
the negative square pulse with which we are familiar.
The adjustable resistor in this position most often is called a
drive control, although sometimes it is called a linearity control,
and again apeaking control. The greater the resistance placed in
the circuit the more charge will remain on the sawtooth capacitor
at the end of discharge. This changes the depth or length of the
negative square pulse. Since this length is subtracted from the
overall amplitude of the wave, adjustment of the control also
changes the height of the sawtooth portion of the wave. The
height of the sawtooth portion of the voltage wave determines
the horizontal distance traveled by the picture tube beam. and,
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fig. 14-10.—An adjustable resister es drive metre:.

as a consequence, this drive control alters the width of the
picture. In a few receivers it is the only control for width.
Fig. 14-11 shows the effects of changing the resistance of this
drive control, as the effects are observed with an oscilloscope
connected to the amplifier control grid circuit or the discharge
tube output. With the least possible adjustable resistance in
circuit the negative pulses will be short and the sawtooth wave
will be high, as at the left. The effect of a medium amount of
control resistance is shown at the center. At the right, with
maximum possible adjustable resistance in circuit, the negative
peaks are deep and there is relatively little rise in the sawtooth
portion of the wave. Adjustment changes the discharge time
constant, the ratio of heights of square pulse to sawtooth, and
the strength of the square pulses which insure asawtooth current
in the deflection coils.
Pulses of current in the amplifier plate circuit begin only when
the sawtooth voltage becomes sufficiently positive to overcome
the negative bias of the amplifier grid. This alters the point in the
cycles at which conduction begins, and linearity of the picture
is affected.

/77 /Y1( 'rr
Least

Medium
Resistance

Most

Fig. 14-11.—Oscilloscope traces showing the effects of varying die
resistance in a drive control.
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The drive control here considered affects the sides of the picture
or pattern more than the center. Misadjustment will stretch out
the left and crowd the right side of the picture or pattern, somewhat as represented by Fig. 14-12.
In making an adjustment the drive control should be turned
to provide as much series resistance as does not cause crowding
on the right, or so that the right and left sides are symmetrical,
equally disposed with reference to the center. Altering the drive
control will require readjustment of the width control to have

Re. 14-12.—How misadjustmen

of a drive control affects the pattern.

the picture just fill the mask opening horizontally. It may be
necessary also to adjust the linearity control shown in Fig. 14-9
to make the picture symmetrical. The drive, width, and linearity
controls affect one another, and have to be adjusted together.
Capacitor Drive Control.—In Fig. 14-13 we have a drive control consisting of an adjustable capacitor rather than an adjustable resistor, and utilizing quite different principles. The adjustable drive capacitor and grid capacitor Cg are in series with each
other, and the two are in parallel across sawtooth capacitor Cs.
Then the drive trimmer and capacitor Cg form an adjustable
voltage divider of the capacitance type, with a center connection
to the grid of the output amplifier.
Voltage applied to the grid is some fraction of the voltage
developed across the sawtooth capacitor. This fraction is the
ratio of the capacitive reactance in the drive trimmer to the total

SWEEP AMPLIFIER AND DEFLECTION CIRCUITS 275
capacitive reactance of Cg and the trimmer in series. The less the
capacitance in the drive trimmer the greater is its capacitive
reactance, and the greater is the voltage applied to the amplifier
grid. We increase the drive by reducing the trimmer capacitance.
The waveform of voltage applied to the grid is the sawtooth wave
developed on the sawtooth capacitor.
This type drive control changes the width of the picture because
of changing the amplitude of the sawtooth wave. When the capacitor drive control is used in connection with the flyback highvoltage supply of Fig. 14-9, adjustment of the drive changes the
Oscillator or
Disch• Tube

Output
Amp.

Fig. 14-13.—Aa adjustable capacitor as a drive control.

strength of pulses going to the high-voltage rectifier, changes the
voltage at the anode of the picture tube, and varies the brightness
of the picture.
Drive adjustment affects also the linearity. It will shift either
or both sides of the picture, stretching the left side and crowding
the right side when there is too much drive. Incorrect adjustment
can cause fold-over, apparent from alight or white vertical streak
at the left or toward the center of the picture area.
When adjusting this type of drive control the first step, if it is
necessary, is to set the width control on the transformer secondary
for apicture or pattern of approximately the correct width. Then
the drive is adjusted for the least capacitance which does not
destroy linearity by crowding at the right side. Too much drive
capacitance will make the picture or pattern too narrow and will
cause agreat reduction of brightness and of definition or clarity.
The best adjustment for the drive control is one which allows the
brightest picture which still shows good definition and satisfac-
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tory linearity. Often it is necessary to readjust the horizontal
linearity by means of the inductor shown in Fig. 14-9.
With some capacitor type drive controls it is possible to reduce
the capacitance and increase the sawtooth amplitude so far as
to produce at the picture tube anode a voltage higher than the
maximum rating for this tube. This danger usually exists in some
systems wherein the drive control includes afeedback of peaking
voltage from the secondary circuit of the transformer or from
the deflection coil circuit. If, however, adjustment of the drive
control seems to be causing abnormal brightness on the picture
tube screen, this adjustment should be carried out only while a
voltmeter suitable for measuring up to 10,000 volts or more is
connected to the picture tube anode lead.
Fig. 14-14 illustrates waveforms such as may be obtained with
the oscilloscope connected to the amplifier control grid or to the

Fig.

t,

14.14.—Oscilloscope traces from the grid of on output amplifier with
which is used a capacitor drive control.

high side of the drive capacitor. Different receivers give slightly
different traces.
In many receivers employing a capacitor type drive control
there is a feedback of voltage pulses from the deflection coil
circuit for the purpose of producing a negative peak preceding
the sawtooth wave applied to the grid of the output amplifier. One
method of feedback is illustrated by Fig. 14-15. Here there is a
connection from the deflection coil circuit through aseries resistor
and capacitor to the grid circuit of the amplifier, either just
ahead of or just following the grid capacitor Cg. The series
resistor usually is on the order of ahalf-megohm resistance, and
the series capacitor ordinarily is of less than 15 mmfd capacitance. These impedances are high enough that the feedback voltage is too small to cause overloading of the picture tube anode by
excessive anode voltage, even with misadjustment of the drive
control.
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E

Fig. 14-15.--Feedback from deflection coil circuit, for producing negative
poises ahead of the sawtooth waves.

When there is feedback producing negative pulses preceding
each sawtooth, oscilloscope traces taken at the grid of the output
amplifier will show these pulses quite clearly. At the left in Fig.
14-16 is the general appearance of atrace secured with all adjustments set for normal operation. Increasing the capacitance of the
drive control capacitor, to lessen its reactance, will cause changes
about as illustrated at the center and right. There is reduction of
the sawtooth height and also of the pulse height. In spite of the
fact that drive adjustment does not directly affect the feedback,
the pulses become smaller and smaller percentages of total amplitude as drive capacitance is decreased.
As with other capacitor drive controls, increase of capacitance
results in a narrowing of the picture because of less height in
the sawtooth portions of the wave. Brightness decreases because
the lessened overall amplitude results in less voltage at the anode
of the picture tube. Too much drive capacitance will make the
picture too narrow, too dim, and very fuzzy in details.

7/ (
Fig.

14.16.—Oscilloscope traces showing the effect of adjusting a drive
capacitor when there is feedback for production of negative pulses.
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Amplifier Plate Voltage.—With a flyback high-voltage system
such as shown in preceding circuit diagrams there should be no
attempt at voltage measurements at the amplifier plate without
special equipment. Although the average plate voltage is not
too high, there are pulses at the horizontal frequency which reach
maximum potentials of 4,000 to 6,000 volts with reference to
ground or to B—. Neither should there be any attempt to connect
the oscilloscope to the amplifier plate except through some voltage
divider system designed for such work.
Width Control on Transformer.—With a width control as
shown by Fig. 14-9 we have an adjustable inductance in parallel
with part of the inductance in the secondary winding of the transformer. When two inductances are in parallel their combined inductance is less than that of either one alone. It follows that
connection of the width control to the secondary reduces the
secondary inductance. There would be greater voltage from the
secondary, and greater current in the deflection coils with the
width control inductor disconnected than with it connected to
the secondary. It is a fact that maximum possible coil current
and width of picture is obtained by disconnecting one end of the
width control.
But so long as the width control is connected across part of the
secondary winding, increasing the inductance of the width control
unit causes an increase of combined inductance of the unit and
its end of the secondary. Increasing the combined inductance
increases the total secondary inductance, increases the voltage
and coil current, and increases picture width. Consequently, to
increase the picture width, turn the core of the width control

fig. 74-17.—How the pattern is affected by incorrect adjustment of th.
width roans,.

SWEEP AMPLIFIER AND DEFLECTION CIRCUITS 278
farther into the winding. This adjustment changes the width of
the picture uniformly, all parts change their width together. If
the picture is originally symmetrical on the left and right it will
remain so.
Although the picture remains symmetrical it is uniformly
stretched from left to right by too much width, with the result
illustrated at the left in Fig. 14-17. With too little width there is
uniform compression, with the result at the right in Fig. 14-17.
If such patterns are not examined for symmetry, and for having
the pattern center midway between the edges, they might be
taken as indicating need for adjustment of linearity rather than
of width.
Damper Action.—At the top of Fig. 14-18 is represented a
sawtooth voltage wave such as applied to the control grid of the
output amplifier. During the rising portion this voltage becomes
more and more positive. The grid of the tube has been negatively
biased by grid rectification with the grid capacitor and grid resistor. The circuit is so designed that when the sawtooth voltage
has reached about half its height this voltage is sufficiently positive to overcome the negative grid bias. Then the tube commences
to conduct plate current at the instant designated a on the graph.
Plate current increases from zero as shown down below. At
instant b the sawtooth voltage goes suddenly negative. There
is instant cutoff of plate current, and a drop to zero .:urrent. Current does not resume in the amplifier until the sawtooth voltage
again overcomes the negative bias, at instant c. Then there is
another rise and sudden drop of plate current. Plate current is
the amplifier and in the transformer primary thus contains an
interrupted series of pulses.
In the transformer secondary winding and in the deflection
coils there is an increase of current due to induction of the changing plate current. This rising coil current is shown from 1to 2 in
Fig. 14-19. At the instant of plate current cutoff in the amplifier
the very sudden decrease of plate current induces a secondary
voltage of reversed polarity, which causes the equally sudden
reversal of coil current shown from 2 to 3. This heavy current in
the coil circuit builds up a strong magnetic field around the coils
and the transformer winding. As this magnetic field collapses its
inductive effect causes coil current to continue from 3 to 4.
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Now we have a magnetic field which is expanding and then
collapsing. In the coil transformer circuit there is considerable
distributed capacitance, which can charge and discharge. We
have all conditions necessary for continued oscillation in this
circuit, and, with alternate transfer of energy between magnetic
and electrostatic fields, there could be oscillation as represented
by the broken-line curve from 4 to 5. The oscillation frequency
would be that corresponding to the inductance and distributed
capacitance in the circuit, and it would continue until damped
out by losses in circuit resistance or until the start of the next
current due to amplifier action, at 5.
The damper acts to prevent continued oscillation. Voltage on
the damper plate becomes positive at the end of the retrace current, point 4. As shown by the graphs, the current at point 4 is
negative in the kind of cycle being considered. But the inductance
of the coil circuit is so large and its capacitance so small that we
have ahighly inductive circuit. Under this condition the current
lags the voltage by nearly 90 degrees, or the voltage leads the
current. Consequently, at point 4, voltage on the damper plate
commences to go positive.
As soon as the damper plate is positive with reference to Its
cathode this tube conducts heavily. Instead of oscillation continuing at the resonant frequency of the circuit the very first
oscillation is damped out along a fairly smooth current curve
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from 4 to 5 in the lower graph of Fig. 14-19. This damped halfcycle of coil current dies away at zero just as a new current is
commencing, due to action of the amplifier and its plate current.
The two currents act together at point 5 and, actually, there is a
smooth change of coil current all the way from 4 to 6. This is the
change of current which deflects the beam during an active
horizontal trace or line. The sudden changes, such as those ending
at 4 and commencing at 6, represent the current which causes
the horizontal retrace.
An oscilloscope trace taken from the plate of a damper connected as in Fig. 14-9 will appear about as shown at the left in
Fig. 14-20, or the negative dips may be squared off, depending
on the type of scope used. The a-c voltage of this trace will be

Plate

Cathode

Fig. 1420. — Oscilloscope troces token front a diode damper tribe.

very great. A trace taken at the cathode of the same damper will
have the general appearance shown at the right. Here the voltage
is only a small fraction of that in the plate trace. Incidentally, it
is the strong negative pulses shown on the plate trace which
provide feedback for negative pulses added to the sawtooth voltage wave with systems such as in Fig. 14-15.
Damper tubes usually are twin diodes with plates tied together
and with cathodes tied together. Tubes primarily designed for
power rectifiers often are used in this position. In some circuits
the damper tube is atwin triode (6AS7-G) designed especially for
this service. A damper tube must withstand high peak inverse
voltages, and ordinarily amplifier types are not satisfactory.
Damper As B+ Voltage Booster.—If you look back at the portion of the circuit including the damper tube and linearity control
in Fig 14-9 it becomes plain that the arrangement is much like
that of the rectifier, filter choke, and filter capacitors of the
familiar d-c supplies for B-voltage. Voltage waves from the
damper cathode charge the capacitor which precedes the linearity
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choke. The voltage is smoothed out by this capacitor, the linearity
choke, and the capacitor on the other side of the choke. At this
output side of the linearity choke appears a d-c potential in the
neighborhood of 40 to 70 volts higher than the B+ voltage
supplied to the damper circuit from the B-supply system of the
receiver. This higher voltage represents energy which has been
recovered from the damping action.
The relatively high voltage from the linearity choke output
is applied through the transformer secondary to the plate of the
output amplifier. Without increase of the primary B-supply voltage there then is more plate current, and greater changes of
current in the deflection coils. B-voltage coming from the linearity
choke may be applied to only the plate of the horizontal output
amplifier, or it may be used also for the amplifier screen voltage,
for the plate of the horizontal oscillator or discharge tube, for
the vertical sweep oscillator and vertical sweep amplifier, and
even so far back as the last sync tube.
Linearity Controls.—If a picture is perfectly linear everything
in it will occupy a position in relation to everything else which
is exactly the same as in the original televised image, and everything in the reproduced picture will have the same relative shape

Fig. 14-21.—How the pattern is affected by incorrect adjustment of the
vertical size or height control.

and proportions as in the original image. In every receiver there
are controls intended for the express purpose of making the reproduction linear. Linearity in a vertical direction is affected
also by the height or vertical size control. Too much or too little
height will produce effects represented in Fig. 14-21, stretching
or compressing the picture from top to bottom. Linearity in a
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horizontal direction is affected also by controls for horizontal
linearity, and by drive or peaking controls and by width or horizontal size controls.
Linearity can be satisfactorily checked only while receiving a
test pattern. Then it is possible to tell whether or not the central
circle is truly centered, whether outer circles of the pattern are
truly circular or are egg shaped, and to tell whether there is
stretching at the top or bottom, with crowding below or above, or
stretching and crowding at the sides. In spite of all the attention
paid to obtaining good linearity it is astonishing what lack of
linearity can be tolerated in a picture. People watching a picture
have only their memory of similar things to serve as a basis for
comparing shapes and relative sizes, they take it for granted
that there is no distortion, and a receiver which reproduces a
badly misshapen test pattern may not be criticized for picture
reproduction.
Linearity Control By Amplifier Bias.—When voltage is applied
across acapacitor with resistance in series, as is the case with the
sawtooth capacitor, the charge and voltage on the capacitor will
increase with time about as shown at the left in Fig. 14-22. The
charge and voltage rise to half their final value in less than onefourth the total time, and to three-fourths their final value in
less than half the total time.

Capacitor Volts
ti

Were we to use avoltage which is changing at such anon-linear
rate for vertical deflection, or to control current for vertical deflection, too much of the pattern or picture would be crowded
into the top half, as at the left in Fig. 14-23. In ahorizontal deflection system too much would be crowded into the left-hand side.

7
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Fig. 14-22.—A non-linear sawtooth charging curve may be compensated for
by o non-linear grid-plate characteristic of the amplifier.
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It is the beginning of the sawtooth curve that affects the top of the
picture in vertical deflection, and the left-hand side in horizontal
deflection, because the fields start from the top of the raster space
and the horizontal lines start from the left side of the space.
If the non-linear charging voltage on the capacitor is applied
to an amplifier so biased as to have a grid-voltage plate-current
characteristic like the one at the right in Fig. 14-22 the resulting
changes of plate current and plate voltage will be approximately
linear and sawtooth. The distortion of the amplifier counterbalances the distortion of the voltage curve at the left.
The type of compensation being discussed may be used also to
counteract the effects of inductance in the transformer and coil
circuits. When voltage is applied to a circuit containing induc-

Fig. 14-23.—Effects on a pattern of uncompensated non-linearity in the
sawtooth wave of voltage or current.

tance and resistance the current increases rapidly at first, then
more and more slowly—exactly as does the capacitor charge and
voltage represented at the left in Fig. 14-22. With this kind of
plate circuit load the non-linear change of current which would
occur normally may be made more nearly linear by compensating
curvature in the amplifier characteristic.
The portion of the grid-voltage plate-current characteristic on
which the amplifier operates, and also the shape of the curve, may
be varied to match or counteract the sawtooth distortion by an
adjustable cathode bias. This method of linearity control is in
general use for vertical output amplifiers where magnetic deflection is employed for the picture tube. Typical amplifier circuits
are illustrated by Fig. 14-24. In both circuits we find the sawtooth
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F. 14-24.—Verticel linearity controls in amplifiers for n'ognetie deflection.

capacitor Cs in series with a time delay resistor for producing a
negative pulse ahead of the sawtooth.
Adjustment of this type of vertical linearity control has most
noticeable effect at the top of the picture or pattern, producing a
very decided stretch or compression. When there is adjustment of
either this vertical linearity control or of the vertical size or
height control the other one of this pair must be adjusted at the
same time. Both alter the picture height, and both alter its
linearity.
If satisfactory vertical linearity cannot be obtained by adjustment of the linearity and height controls the trouble may be
almost anywhere in the vertical sweep system. Check all tubes,
including the output amplifier and preceding oscillator or oscillator and discharge tube. B + voltage may be too low. Sawtooth,
coupling, or bypass capacitors may be leaky. Any of the resistors
may be faulty. There may be trouble in the vertical output transformer, or there may be shorted turns in avertical deflection coil.
Linearity Control on Damper Circuit.—As shown in earlier circuit diagrams, the adjustable inductor connected between damper
cathode and the lower end of the transformer primary is a horizontal linearity control. The effect of adjusting the core in this
inductor is to cause a slight shifting in phase of the voltage wave
applied to the amplifier plate circuit. This causes some change in
the plate characteristic of the amplifier and affects the linearity.
Adjustment of this control corrects for distortion which is most
noticeable on the left-hand side of the picture or pattern, acrowding at the extreme left and a shifting of the center elements
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toward the left. This will occur with the slug turned too far out
of the coil. As the slug is turned toward correct adjustment the
elements at the far left will become wider and the center of the
pattern will move over toward the center of the screen or mask
opening. Adjustment causes some change in width of elements at
the center of the pattern, but not agreat deal when considered on
the basis of percentage change in width in this area. If the setting
is very far out there will be some narrowing of overall width of
the pattern, but there is little change in total width for considerable change of setting either way from the optimum point.
If the slug is turned too far into the coil the center of the
pattern may be moved too far toward the right, with crowding on
the right and stretching at the center. In some circuits this adjustment will have the effect of expanding or contracting the
center of the pattern, with crowding or stretching on both sides.
Adjustment of this control is not as sensitive as that of many
other controls. That is, a considerable change is required in the
slug position for agiven alteration of pattern, and it is quite easy
to make aprecise setting for apattern of good proportions.
Linearity Adjustment on Damper.—Again looking back at Fig.
14-9 there will be seen atapped resistor connected from the plate
to the cathode of the damper tube. This is an auxiliary adjustment for horizontal linearity, changed only when satisfactory
linearity cannot be obtained by best possible adjustment of the
linearity choke, the width control, and a drive control if there is
one. Since it seldom is necessary to change the resistance across
the damper, this adjustment often consists merely of a lead
soldered to one of the taps, although in some receivers there is
atap switch or acontinuous adjustment.
Altering this resistance spreads or contracts the left-hand side
of the picture or pattern and at the same time makes the overall
width greater or less. With less resistance across the damper the
left side of the pattern becomes crowded, there is some slight
crowding at the center, but there is practically no effect on the
right of the pattern. With too little resistance there may appear
on the left-hand vertical edge of the pattern anarrow very bright
band. Increasing the resistance stretches out the left side of the
pattern, increases overall width, and has the effect of moving the
center of the pattern toward the center of the screen or mask

SWEEP AMPLIFIER AND DEFLECTION CIRCUITS 287
opening. Whenever this resistance is changed it is necessary to
readjust the width control, the linearity choke, and a drive
control if the receiver uses this latter adjustment.
Triode Damper Tube.—Fig. 14-25 shows a circuit often used
when the damper tube is a twin triode instead of a diode. The
two plates, two grids, and two cathodes are tied in pairs. Voltage
pulses from the deflection coil circuit are fed to the grids through
a coupling capacitor Cc. Between the grids and the cathodes is
connected an adjustable resistor used for horizontal linearity
control. This adjustment varies the instant in each cycle at which
the damper becomes conductive, or the portion of the cycle in
which there is conduction.
This linearity adjustment affects chiefly the left-hand side of
the picture or pattern, expanding or contracting this side with
some increase and decrease in overall width. In some receivers

Cc
Width

Damper
Deflection
Coils

Bi-

Linearity

z
Fie. 14-25.—A twin triode used as the damper tube.

which use a triode damper there is a second adjustable resistor,
marked with a broken-line arrow, in the lead from cathode to
ground. This also is ahorizontal linearity adjustment whose chief
effect is on the left-hand side of the pattern. When there are two
adjustments the one in the grid lead may be used to obtain
linearity of the pattern center, while the one in the cathode lead
is used to make the left-hand side symmetrical with the right.
Linearity Troubles.—Faulty horizontal linearity may be due
to misadjustment of any one of many controls. These include the
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drive or peaking control, the width control, and all the controls
designed especially for horizontal linearity. Nearly always it is
necessary to adjust all these controls at one operation, because
each affects some parts of the pattern more than other parts, yet
each has some effect on every area.
If continued and careful adjustment of controls fails to produce
satisfactory linearity the trouble may lie anywhere between the
horizontal sweep oscillator or discharge tube and the horizontal
deflection coils. It is a case for making tube substitutions, for
checking all capacitors and resistors, for checking transformer
windings and deflection coils for shorts and grounds, for measurement of B-supply voltage, and all connections at the many
elements of the horizontal deflection system. During some periods
when test patterns are being transmitted it is barely possible that
the pattern itself is non-linear. Tests should be made in more than
one channel if possible.

Chapter 15
PICTURE TUBE SERVICE AND ADJUSTMENTS
Connections to all internal elements of electrostatic picture
tubes are made through base pins which match openings in a
socket supported by the tube base and having flexible lead connections. Basing connections for electrostatic tubes in general use
are shown by Fig. 15-2, as they appear when looking toward the
end of the tube neck or toward the bottom or outside end of the
socket.

Fig. 15-1.—A Du Mont 15-inch picture tube supported In its mounting.

We already are familiar with functions of the cathode and grid
/, which is the control grid for intensity of the electron beam.
Anode 2 is the accelerating anode which draws electrons from
the cathode, through the control grid, and speeds them between
the deflecting plates to the screen. Anode /is the element for electrostatic focusing. It is connected to the slider of the focusing
potentiometer in the high-voltage bleeder system.
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290

APPLIED PRACTICAL RADIO-TELEVISION

The pair of deflection plates closer to the screen, or farther
from the base of the tube, usually are employed for vertical deflection. To identify the numbered pins the abbreviation Vert is
placed near them on the diagrams. The pair of plates farther
from the screen or closer to the base, is used for horizontal
deflection in most cases. Their pins are identified on the diagrams
with the abbreviation Hor.
Hot.

Hot.

Anode 2

Anode 2
Anode
1
Focus

Vert.

Anode 1
Focus

Vert.
Vert.

Hot
Control
Grid
1

Vert

Hor
Anode
1
Focus

Control
Grid
1

Anode 2

Vert.

Control
Grid
fig. 15-2.—Basing connections for picture tubes having electrostatic deflection
and focusing. A, 7EP4. B, 7GP4 and 7JP4. C, 3KP4.

As mentioned in another chapter, oscilloscope connections for
observing deflection waveforms should be made on the tube sides
of coupling capacitors which are between the plates and the
deflection tubes. Potentials at the plate pins themselves are on
the order of four or five thousand volts. These high voltages are
present also at the second anode or accelerating anode. At the
first or focusing anode the potential usually is 1,000 volts or more.
All this refers to 7-inch tubes generally used in receivers having
electrostatic deflection systems. Waveforms observed on the tube
side of the coupling capacitors will be of sawtooth form, with
opposite polarities or inverted polarities for the opposite plates of
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each pair. Peak to peak a-c voltage of the sawtooth waves usually
is around 300 volts.
On the neck of a magnetic deflection picture tube will be the
deflecting yoke and the focusing coil in approximately the relative positions shown by Fig. 15-3. In the deflecting yoke are four
coils, two arranged above and below the neck for horizontal deflection, and the other two on opposite sides of the neck for
vertical deflection. The yoke ordinarily is enclosed in afibre cover
to prevent injury to coil windings during handling and adjustment. The focusing coil consists of a single winding within a
protective case.
The deflecting yoke and focusing coil are carried in a supporting bracket or framework. There is provision for rotation of the
yoke through a limited distance around its axis and the axis of
the tube neck, and clamps for locking the yoke in any position
within the adjustment range. There are provisions for tilting the
Cushion

Focusing
Coil

Socket

Tube
Bose

Tu be
Neck

n,

Is

'Coi ISupports

Tu be
Flare

154.--Foinning coil and deflecting yoke supported mound the neck of
a magnetic deflection picture tube.

focusing coil alimited amount in any direction with reference to
the axis of the tube neck. That is, the axis of the focusing coil
itself may be "pointed" in almost any direction toward the front
or screen end of the picture tube.
The deflecting yoke has some clearance around the neck of the
tube, but the yoke axis and neck axis should coincide—the yoke
should be concentric with the neck. There is greater clearance
between the inside of the focusing coil and the outside of the tube
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neck, to allow tilting of this coil as required in service adjustments. Note that the deflecting yoke is pushed as far as possible
toward the tube flare or toward the screen of the tube, where the
screen end of the yoke rests against a flexible cushion. Note also
that the focusing coil is not pushed right up against the deflecting
yoke, there is a space of about 3/16 to 3/
8 inch between the two
units.
On some picture tubes there is a third unit, called the ion trap,
located between the focusing coil and the tube base. This trap and
its adjustment will be discussed later in this chapter.
Basing connections for magnetic deflection tubes in general use
are shown by Fig. 15-4 at the left. Connections at the right are for
a seldom used tube employing magnetic deflection with the usual
yoke, but having electrostatic focusing by means of its anode
number 1. Because of the omission of deflecting plates and focusing anodes from magnetic deflection tubes their base connections
are few. Pins 6 and 7 of the tubes represented at the left are
merely to help locate and hold the socket on the base. Grid 2,
which helps to correctly form the electron beam, usually is
operated at apotential of about 250 volts.
Anode 1
Focus

Anode
2
Grid
2

Cathode
Control
Grid 1

12

Control
Grid 1

1

I

Cathode

Fig. 15-4.—Basing connections for picture tubes having magnetic deflection.
Left: 108P4, 100'4, 10FP4, 12JP4, 12KP4, 12LP4, 15AP4, 16AP4, and 2011P4.
Rigid: 7DP4.

The terminal for the high-voltage anode is a ball or cup on one
side of the tube flare. This anode is a conductive coating inside
the flare. On the outside of the flare, extending from alittle ways
back of the screen to the beginning of the neck, is a second conductive coating which is grounded. Potential at the high-voltage
anode of 10-inch and 12-inch tubes is not less than 8,000 volts
and not more than 10,000 volts. In direct viewing tubes of larger
diameter the anode potential averages somewhat higher, but
usually will not exceed 15,000 volts even for a 20-inch tube.
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Effects of Anode Voltage.—The high-voltage anode in both
magnetic and electrostatic picture tubes acts to give electrons in
the beam very great acceleration and speed toward the screen.
This voltage tends to keep the beam on astraight line between the
electron gun in the neck and the approximate center of the screen.
In order to deflect the beam for scanning, this straight-line effect
of anode voltage must be overcome by the voltages applied
between electrostatic deflection plates or by the current in
magnetic deflection coils, or, more correctly, by the electrostatic
or magnetic fields through which the beam passes.
If anode potential remains unchanged, an increase of deflection
voltage or current will make the beam travel farther vertically or
horizontally, and will make the picture higher or wider. But, with
any given deflecting voltage or current, an increase of anode
voltage will hold the beam more nearly to a straight line, or will
allow less deflection and will make the picture of less height and
less width at the same time. If anode voltage becomes too low, the
original deflection voltage or current will have, relatively, more
effect and the picture will become higher and wider. At the same
time the electrons in the beam are not held so well together, and
the picture becomes fuzzy beyond the point at which any focusing
adjustment will make acorrection. Also, the widening or heightening effect may be more than can be overcome by adjustment of
the size controls.
The brightness of the picture depends not only on the density
of electrons in the beam, as regulated by the control grid, but
depends also on the speed of the electrons when they collide with
the screen. Any increase of anode voltage raises the electron
speed and makes the picture brighter, while a drop of anode
voltage makes the picture less bright. Of course, some of this is
due to more electrons being pulled from the cathode by higher
anode voltage, and fewer by low anode voltage, but the electron
speed has alot to do with it.
Keeping in mind the related effects of anode voltage and deflecting voltage or current will help explain much of the behavior
of patterns and pictures observed during various adjustments.
Picture Tube Masks.—The dimensions of the photosensitive
surface in television camera tubes, on which the televised image
Is focused, always are such that the ratio of width to height is
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4to 3. In some camera tubes the dimensions are 3.00 inches wide
and 2.25 inches high. In others the width may be about 1.28 inch
and the height about 0.96 inch. The ratio always is 4/3. The
transmitted picture will have this same aspect ratio if proportions are not changed.
With an aspect ratio of 4/3 the complete picture may be fitted
within an oblong mask in front of the picture tube screen as
shown at A in Fig. 15-5. The slight rounding off of the corners is
of little importance. On a 12-inch tube this will allow width and
—

.\\ Are

a 75

\N

Mask)
Opening

Area
90

/./

Area
100

Fig. 15-5.—Picture areas and mask openings for a picture tube of the tame
screen diameter in all cases.

height little if any greater than 10.0 by 7.5 inches, for an area of
75 square inches if we neglect the slight corner cutting.
There is room on the screen for a picture which is higher and
wider. If the width is increased so that the sides of the picture
come all the way out to the limit of the useful circle of the screen
we have the result shown at B. The corners will be further cut off,
as shown by the broken lines, but not much of importance happens in the four corners of a televised scene. Now the picture is
higher and wider, and the area has been increased to 90 square
inches with the same size picture tube.
If the picture were enlarged uniformly until it extended to the
top and bottom of the useful circle of the screen there would be
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a good deal cut off from both sides, and important details might
not appear in the reproduction. To increase the area without
cutting off the sides, the width may remain as at B but the height
may be increased to fill the whole circle of the screen. The result
is shown at C. There is somewhat greater cutting of corners than
at B, but the area has been increased to 100 square inches, still
with the same picture tube.
When using a standard test pattern while adjusting the height
control for a picture of the proportions at C the circles and
squares or rectangles of the pattern will be stretched out in the
vertical direction. Squares will become oblongs and circles will
become ovals with their longer dimensions vertical.
Handling the Picture Tube.—Picture tubes are quite costly,
and should be protected against damage because of the expense
in replacement. This is a good reason, but by no means the most
important reason for care in handling picture tubes. These tubes
are highly evacuated, and they have large surface areas. The
difference between external atmospheric pressure and internal
evacuated pressure is astonishingly great, it is a matter of tons,
not pounds. In case of breakage the inrush of air and its rebound
with accompanying particles of tube make the consequences
disastrous to persons who are near and not suitably protected.
The first rule for safety is never to handle a picture tube which
is out of the chassis or cabinet, and never attempt to remove and
replace this tube, without wearing shatterproof goggles, heavy
gloves, and enough clothing to protect arms and body. A rule just
as important is to allow no one close to the operation unless they
are similarly protected.
While atube is removed do not hold it against your body while
handling. Take every precaution not to scratch and thereby
maybe start a crack in the glass. Don't use metal tools near the
picture tube. Never allow the tube to strike or bump against
anything hard, and take especial care not to strike the neck or the
portion where the front screen area joins the flare. While the
tube is out of the chassis or cabinet it is most safely stood with
the screen face down, resting on some soft surface such as thick
felt, and with enough support that there is no chance of tipping
over and striking on the neck. The tube should not be allowed to
remain where there may be large and sudden changes of tempera-
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ture. When replacing atube use only the most moderate pressure,
never force it into position, and never force the deflection yoke,
focusing coil, or ion trap onto the neck. Everything must be
sufficiently free for easy sliding.
Removal and Replacement of Picture Tube.—Picture tubes
may be mounted in the cabinet, as in Fig. 15-6, or on the chassis.

Fig. 15-6.—This picture tube for color television is supported from the
cabinet by means of long rods in which are turnbuckles.

The exact steps in removal and replacement of the picture tube
depend, of course, on mechanical details of the mounting in
different receivers. The first step is to make a careful examination of all brackets, clamps, cushion supports, and electrical connections, with a view to determining the safest way of carrying
out the work. In a general way the operation will be carried out
as follows:
Remove the socket cover and take off the socket with its leads.
If the tube is a magnetic deflection type grasp the insulator of
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the high-voltage lead and remove it from the anode terminal on
the flare. Since there is possibility that the capacitance between
inner and outer coating may retain a charge, use a piece of
insulated wire, with the ends bared, to make connection from the
terminal cap or ball to the outer coating. Then make sure that the
high-voltage filter capacitor is discharged by touching the contact
end of the cable to chassis metal.
If the tube is of the magnetic deflection type disconnect the
leads for the deflection yoke, for the focus coil, and for the ion
trap if it is of the electromagnetic kind. There may be plug
connectors or soldered leads. If leads are soldered it is necessary
to make careful note of the color coding or of other identifications
for correct replacement. Note also the position of the tube with
reference to its supports. That is, check the position of the anode
cap, the key on the base, or some other feature with reference to
fixed parts of the chassis, mounting, or cabinet.
Now examine the supports for the tube, and for the coils of a
magnetic deflection system. Cushions will carry the large end of
the tube, either on the chassis or in the cabinet, and there will be
a cushion around the neck where it joins the flare.
If the picture tube is mounted on the chassis the usual procedure is to slide the ion trap off the neck, if there is such a trap,
then to loosen or remove supports at the large end of the tube, and
slide it out through the deflection yoke and focusing coil. Support
the tube with great care that no strain is placed on the neck as it
comes through the coils. With some constructions the tube may
remain supported at its large end and by the bracket and cushion
at the neck while the coil assembly is slid off the neck. Then the
tube may be removed with these other parts out of the way.
Sometimes the picture tube has to be removed through the
front opening of the cabinet after the frame parts around the
mask and those carrying the mask are taken off. This will allow
sliding the tube out of the deflection yoke and focusing coil. To
avoid possibility of strain, it is best to loosen all clamps used for
adjustment of the coils so that the coils remain quite free to move.
When the picture tube is carried by a bracket attached to the
cabinet the clamps or other fastenings of the bracket are removed. Then the bracket with the tube still supported in it may
be removed from the cabinet.
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Replacement of the tube is largely a matter of reversing the
steps for removal. There are, however, a few additional precautions. Make certain that coil adjustments are loose enough that
there can be no binding on the tube neck. Hold the tube carefully
with your hands until it is supported by the cushion mountings.
Make sure that the back of the flare comes against the cushion.
The tube must be supported entirely by cushions at the large end
and at the back of the flare, never by the neck in any manner.
See that the grounding spring attached to chassis or bracket
metal rests firmly on the outer coating of a magnetic deflection
tube having such coating. Finally, don't force the large face of
the picture tube against the protective window of the cabinet.
Deflection Coils.—Fig. 15-7 shows the general form of oscilloscope traces obtained with the scope connected from one end of
a pair of coils to ground. A trace taken from the vertical coils
shows the sawtooth waveform quite clearly, with long, thin negative pulses for the vertical retrace of the picture tube beam. The
MM.

...•-•••"--/*--•

I
Vertical

Horizontal

Ng. 15-7.—Oscilloscope traces token from terminals of deflection coils.

sawtooth rise need not be straight, as shown, but may have some
curvature without indicating poor linearity. The sawtooth portion of the wave will undergo much change of form if the vertical
linearity control is varied while the scope is connected, and will
change in height with variation of the horizontal size or height
control and of the drive control.
These traces are not very useful for making linearity adjustments because the waveform is that of voltage across the coils,
and in a circuit containing much inductance in comparison with
resistance the voltage waveform is not the same as the current
waveform. It is the current waveform that counts in magnetic
deflection.
Oscilloscope traces taken from the high end of the horizontal
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deflection coils appear as at the right in Fig. 15-7. They are the
same as traces taken at the plate of the damper tube. Again these
voltage waveforms bear little resemblance to the current waveforms in the coils, and do not show actual deflection. The depth of
the negative pulses will change with variations of the drive
control.
The traces will not be the same when taken from the low end
of a coE which connects directly or through a capacitor to a lead
in the B-supply. They will show only a-c loops or waves whose
voltage is small in comparison with that at the high end. If a coil
is grounded at the low end, as in some vertical systems, there will,
of course, be only a straight horizontal line as the trace.
Tilting of Pattern or Picture.—In Fig. 15-8 the test pattern is
shown as tilted or skewed with reference to the edges of the mask.
With an electrostatic deflection tube this is corrected by rotating
the tube in its supports. Note the direction in which the pattern

•
Fg. 15-8.—Tilting which is corrected by rotating an electrostatic tubs or by
rotating the deflection yoke of a magnetic tube.

should be rotated for correction. Then turn off the power, loosen
the tube supports, and rotate the tube in the same direction. Turn
on the power and note the results. Shift the tube only while power
is turned off. Tighten the supports when the job is completed.
With a magnetic deflection tube the tilting is corrected by
rotating the deflection yoke around the neck of the tube without
moving the tube itself. On the mountings for all deectior yokes
there are provisions for loosening the yoke and allowing its rotation through a few degrees. Note the required correction, turn
off the power, and rotate the deflection yoke in the same direction
the pattern should be turned.
Foensing.—Electrons in the picture tube beam have a natural
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tendency to spread apart as they travel from the electron gun
to the screen. This comes about because electrons are negative
charges or have negative charges, and negative charges repel one
another. For a picture with distinct details the electrons in the
beam must be made to converge to a very small spot where they
strike the screen. Then the horizontal trace lines will be sharp,
and clearly distinguishable from one another. This is accomplished by focusing the beam.
Focusing in electrostatic deflection and electrostatic focus
tubes requires adjustment of the ratio of the voltage on the focusing anode, number 1of Fig. 15-2, to the voltage on the accelerating anode, number 2. In practice the voltage on anode 2 remains
unchanged and the voltage on anode 1 is altered for focusing.
Voltage for the focusing anode is taken through the slider of a
potentiometer in the resistance bleeder line running from the
high-voltage rectifier to ground.
Focusing in tubes having magnetic deflection and magnetic
focusing is accomplished by varying the current which flows in
the focusing coil on the neck of the picture tube. A few of the
many arrangements used for adjusting current in the focusing
coil are shown by Fig. 15-9. At the left the coil forms part of the
filter system in the low-voltage B-supply for some tubes in the
receiver. Movement of the control slider varies focusing coil
current by more than one-third while varying the B+ voltage
about four per cent. In the center diagram the focusing coil is
shunted across resistors at the low voltage end of ableeder in the
B-supply system. with one of the resistors a potentiometer for
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Fig. I5-9.—Circuits few control of magnetic fecesfact
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focusing control. At the right the focusing adjustment is a variable resistor in series on a B+ bleeder line, with one end of the
coil grounded.
The higher the voltage on the high-voltage anode of the picture
tube the more current is required in the focusing coil for sharp
focus of lines. The position of the focusing coil with reference to
the deflection yoke on one side and the electron gun of the tube on
the other side is somewhat critical. If the focusing coil is too far
back toward the electron gun it may be impossible to obtain a
spot small enough for distinct horizontal lines. If too near the
deflecting yoke the magnetic fields of the coil and yoke may act
together to tilt or skew the pattern in the mask.
The focusing control may be given its preliminary setting while
observing only araster on the picture tube screen, with no pattern
or picture. Adjust the control so the fine horizontal trace lines are
clearly visible. The curvature of the tube face is not the same as
an arc centered in the focusing coil. That is, the outside of the
screen circle is farther from the center of the coil than is the
center of the screen. Consequently, it is impossible to obtain
equally sharp focusing over the entire screen area. Most satisfactory pictures are produced by getting the best possible average
focus near the center and well out toward the sides of the screen,
while tolerating poorer focus at the extreme sides, top, and
bottom.
Once the focusing control is satisfactorily adjusted there should
be no need for change over long periods. Keep in mind that inability to get good focusing may be due to low voltage at the
picture tube anode. When an ion trap is used on the picture tube
it is necessary to adjust this trap and the focusing together, as
will be explained in pages following.
Centering Controls.—Even with the center of the picture tube
screen centered in the mask, the reproduced pattern or picture
may not be centered. It may be too low or too high, too far to the
left or the right, or out of position in more than one direction as
shown by Fig. 15-10. This calls for adjustment of centering
controls.
The principle employed for centering with electrostatic deflection tubes is illustrated by Fig. 15-11. The control units are centertapped potentiometers connected in parallel with each other and
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in series with the high end of the high-voltage power supply. One
of the horizontal deflection plates is connected to the center tap on
the horizontal centering control, and the other horizontal plate is
connected to the slider of the same potentiometer. The vertical
deflection plates are similarly connected to the other potentiometer, which is the vertical centering control.

Fig.

15-10.—Effects of misadjustment of centering controls or incorrect
tilting of o focusing coil.

The deflection plate connected to the center tap remains at a
constant average d-c potential. Voltage on the other plate of the
same pair may be made more positive or less positive by adjusting
the slider. This is equivalent to making the second plate either
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or Oscillator
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Fig. 15-11. —Circuits in general use for electrostatic centerin.
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positive or negative with reference to the first one. When the
second plate is made more positive the electron beam is drawn
toward it, and if made less positive or negative the beam is moved
toward the opposite plate of the pair. This governs the position
of the beam with no deflecting voltage applied from the output
amplifier or sweep oscillator. With this voltage applied the beam
deflects equally each direction, and the center of the picture
remains at the point fixed by the centering voltage.
Centering with picture tubes having magnetic deflection and
focusing may be done electrically or by shifting the axis of the
focusing coil, or by combination of both methods. For electrical
centering a direct current, in addition to the alternating deflection current, is allowed to flow one direction or the other in the
deflection coils.
Principles of electrical centering are illustrated by Fig. 15-12.
In the diagram at the left one end of the deflection coil circuit is
connected to the slider of a center-tapped potentiometer, with
the center tap connected through the transformer secondary to
the other end of the coils. The ends of the potentiometer may be
connected at various points in the B-supply lines, often between
the low-voltage B-supply and plate, screen, and biasing circuits
for various tubes. Sometimes the potentiometer is connected
between B— and ground. In any case, moving the slider one way
or the other makes it more or less positive or negative than the
center tap and causes direct current to flow one direction or the
other in the deflection coil circuit. The resulting d-c magnetic
Output Trans.

Output Trans

B+ to
Re ce'iver

8+

Fig. 15-12.—Circuits in general use for electrical centering with tubes
having magnetic deflec-flon.

304

APPLIED PRACTICAL RADIO-TELEVISION

field centers the electron beam in a direction corresponding to
polarity of the direct current.
When a damper tube is used in a horizontal deflection system
the centering control may be connected as at the right in Fig.
15-12. Damper current and current from the portion of the control shunted by the coil circuit act oppositely, or rather the
corresponding potential differences would act oppositely and tend
to cancel. By moving the slider and varying the shunt voltage the
direct current in the coils may be changed to effect horizontal
centering.
Centering with Focus Coil.—Many receivers have no electrical
centering adjustments for tubes employing magnetic deflection
and focusing. Rather they provide means for tilting the axis of
the focusing coil with reference to the axis of the tube neck for
making the small changes of centering required during service
work. The adjustment often consists of three screws or three nuts
spaced equally around the circumference of the focusing coil and
acting to move the coil housing or bracket to any angular position
and hold it there. In other designs there are slotted brackets, or
there may be a sort of trunnion support allowing the coil to be
swung on centers. The mechanics of adjustment always are
apparent from examination.
The focusing coil acts as though the electron beam were being
aimed along the coil axis in raising or lowering the picture on
the screen or in moving it from side to side. The picture may not
exactly follow the line through the coil axis, there may be some
diagonal shifting of the picture when the coil is rocked vertically
or horizontally. In addition to allowing centering of the picture
by movement of the focusing coil, some receivers have also electrical centering adjustments which provide a limited range of
setting after the raster has been approximately centered with
the focusing coil. To obtain satisfactory centering with the focusing coil it is essential that the center of this coil lie on the central
axis of the tube neck. That is, when the focusing coil is pointing
straight ahead the gap between the inside of the coil and the
outside of the tube neck must be the same all the way around.
Ion Traps.—In the stream of electric particles leaving the
picture tube cathode are not only electrons but also ions, which
are about 2,000 times as heavy as electrons. Were ions to con.
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tinually strike the delicate inner surface of the screen at the same
place the final result would be a brown spot, called an ion burn.
This would happen only in tubes employing magnetic deflection,
because the heavy ions are deflected hardly at all by magnetic
fields and would go always to the center of the screen. However,
the ions are deflected by electrostatic fields, and in tubes employing electrostatic deflection the ions are spread over the entire
screen area rather than being concentrated. In some magnetic
tubes the screen is protected by a film of metal which stops the
ions while allowing electrons to pass through. Other magnetic
tubes require ion traps.
An ion trap is a device which deflects the ions against some
part of the electron gun or anodes while allowing the electron
beam to proceed through the focusing and deflection coils as
usual. A widely used type of trap is shown by Fig. 15-13. Both
the ions and the electrons are deflected by an electrostatic field
in the gap of the ion trap. Around the outside of the tube neck are
a pair of ion trap magnets whose fields pull the electrons back
to the axis of the tube but have little effect on the ions, which
strike the anode and are trapped.
The trap of Fig. 15-13 requires two magnets, one to prevent
electrons from striking the anode and another to turn the
electrons back to the tube axis. These may be permanent magnets
or electromagnets. Fig. 15-14 shows principles of other ion traps
which require only a single magnet. At the left is a bent gun
trap, in which the original stream of ions and electrons is
directed toward the anode by the shape of the gun. Then the
Ion
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F. 15-13.—The ion gap in on electron gun and on ion trop of the
permanent magnet type.
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single magnet brings the electrons alone back to the tube axis. In
the design at the right an electrostatic field between two plates
tends to deflect both ions and electrons away from the tube screen.
The field of the single trap magnet affects the electrons only,
counteracting the effect of the electric field and keeping the
electron beam in the tube axis while allowing the ions to strike
the anode.
Trap magnets are made in numerous designs. Usually there
is an arrow which, with the magnet correctly mounted, points
toward the picture tube screen or away from the socket. If atrap
is incorrectly mounted, or reversed either end for end or top and
bottom, it will be impossible to obtain any trace on the screen
no matter how the brightness control is adjusted. Setting of any
trap magnet is carried out as follows:
1. Tune in astation, preferably one furnishing a test pattern.
Set the brightness control for moderate illumination.
2. If the magnet is clamped on the tube neck with screws or
nuts loosen them enough to let the magnet slide lengthwise and be
rotated, while remaining in in whatever position placed. Then
move the magnet slowly forward and back, while rotating it
slowly one way and the other, to obtain maximum screen brightness with no shadowing or cutting off of corners.
3. Reduce the brightness. Adjust the focusing coil or focusing
control for most distinct horizontal trace lines.
4. Move the magnet to again obtain maximum brightness.
5. Check the focusing with brightness above normal. If necessary, in order to obtain good focus at the center and well toward
the edges, readjust the trap magnet.
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Pig. 15-14.—ton hops which require only a single magnet.
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Chapter 16
TELEVISION POWER SUPPLIES
Some recent types ot receivers having electrostatic deflection
tubes, and many older types having both electrostatic and magnetic tubes, include B-power supplies following the same principles used in such supplies for radio receivers. Voltages, of
course, are much higher, and rectifier tubes are half-wave types
designed for such service.
Quite often the high-voltage rectifier and low-voltage rectifier are operated in series to obtain maximum possible B-voltage
for the picture tube circuits. Fig. 16-1 shows connections for
High-voltage
rectifier
8+ maximum
(Picture tube
circuits)

Low-voltage
rectifier
B+ to amplifiers, etc.

B— (ground)
fig. 16-1.—High-voltage rectifier in series with positive of low-voltage rectifier for 8-suppfy

one method of series operation. To the positive filament of the
low-voltage rectifier is connected the negative end of the plate
winding for the high-voltage rectifier. Voltage outputs of the
two rectifier systems add together. The most positive point is
the filament of the high-voltage rectifier, which feeds the picture tube circuits in the manner shown by diagrams in preceding chapters. The most negative point is at the grounded center
tap of the plate winding for the full-wave low-voltage rectifier.
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The positive end of this rectifier system feeds plates, screen,
and biasing connections of amplifiers and other tubes in video,
audio, and sync sections of the receiver.
Fig. 16-2 shows another series rectifier B-supply wherein
the highest voltage is negative with reference to ground and the
B-voltage for amplifier plates and similar circuits is positive
with reference to ground. The picture tube symbol is included
to show, in a general way, how this arrangement works out.
At the output of the resistance-capacitance filter from the plate
of the high-voltage rectifier the potential is several thousand
volts negative. The first connection from the filter is to the picture tube grid. The next connection is through the 'irightness
control to the picture tube cathode. Thus the grid is made more
Brightness
Highvoltage

1I

i=

I
=

Focus

Gnd.

Video_ll
Low—voltage

=

;Centering ;

+
Amplifiers, etc.

P. 114,2.—Ifiola-voltage redil« in Safi« with negative side of low-voltage watflior.

negative than the cathode. The next connection is to the focusing
anode of the picture tube, which makes this anode much less
negative and effectively highly positive with reference to the
cathode of the picture tube. The voltage divider ends at aground
connection.
Deflection plates of the picture tube are connected through
any suitable type of centering control to the positive side (B+)
of the low-voltage rectifier. The deflection plates thus are made
positive with reference to ground, and very highly positive
with reference to the picture tube cathode which is connected
to the negative side of the high-voltage rectifier. The sum of
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the two rectifier voltages is applied between deflection plates
and picture tube cathode.
In any of these 60-cycle B-power supplies the high-voltage
rectifier and filter carry only picture tube current, which is a
matter of a few hundred microamperes. High-voltage windings
on the transformer are of small wire. In series with this winding may be a resistor, as shown in Fig. 16-1, which protects
the winding against burnout in case of an overload which
would cause excessive current. The resulting increase of voltage drop across the protective resistor holds the current below
a value which would damage the transformer winding.
Flyback High-voltage System.--The lower the frequency of
a rectified voltage the larger must be the filter capacitors in
order to provide adequate smoothing of pulsations in the output.
Filter capacitors for 60-cycle high-voltage systems have sufficient capacitance to hold a charge which, considering the very
high voltage to the ground, may give a dangerous shock. To
reduce this danger, nearly all receivers of recent design have
high-voltage power supplies operating at either the horizontal
line frequency of 15,750 cycles per second or at some frequency
of 100 kilocycles or more which is generated by power supply
oscillator for this express purpose. In these systems the filter
capacitors are relatively small. The small currents for the picture tube allow using high series resistances in the filters. The
combination of high resistance and small capacitance drops
the output voltage so low in case of overload or excess current
demand as to leave slight danger to those taking usual precautions in handling the equipment.
Fig. 16-3 shows connections for a typical high-voltage system
of the so-called "flyback" type, operating at the horizontal line
frequency. This general type of voltage supply is used for the
high-voltage anode of the picture tube in most of the recent
receivers which have a magnetic deflection tube.
During the horizontal retrace period there is sudden collapse
of the magnetic fields which have been built up around the
deflection coils and the output transformer, this occurring when
plate current of the output amplifier drops from maximum to
zero. The result is induction of an emf or voltage pulse in the
transformer primary which reaches a peak potential of about

310

APPLIED PRACTICAL RADIO-TELEVISION

5,000 volts. This is the pulse which appears at the plate of the
output amplifier and makes it inadvisable to measure voltage
at this point.
The extension of the primary winding above the plate connection makes this complete winding act as an auto-transformer
for the pulse voltage, and the overall potential is increased to

High -voltage
Rectifier

Output
Amp.

Deflection
Coi Is

-,
Fig. 16-3.—Typical circuit for flyback type of high-voltage power supply.

about 10,000 volts at the connection to the plate of the highvoltage rectifier. Arrows on the diagram of Fig. 16-3 show the
instantaneous directions of electron flow caused by pulse voltage.
The electron flow through the high-voltage rectifier and the filter
capacitor charges this capacitor, in the marked polarity, to a
voltage nearly equal to the peak pulse voltage or to nearly 10,000
volts. This capacitor voltage is applied through the filter resistor
to the high-voltage anode of the picture tube.
The small current drawn by the picture tube anode allows
using a sufficiently long time constant of filter capacitor and
resistor to retain ahigh charge and high voltage between rectified
pulses. Thus the anode voltage remains nearly constant. The total
filter capacitance includes that of the capacitor, also the capacitance between inner and outer coatings of the picture tube, and
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the capacitance of the cable which makes connection to the anode
terminal. At the horizontal frequency of 15,750 cycles per second
the capacitance need not be very great to provide satisfactory
smoothing of current.
Current for the filament of the high-voltage rectifier is obtained
from one or two turns on the output transformer. The filament
operates at the horizontal line frequency.

Fig. 16-4.—Rear view of a flyback type high-voltage power supply
os used in a Du Mont receiver.

The tubes and other units which operate at high voltages are
enclosed within a perforated shield, usually arranged so that it
cannot be removed for access to these parts without opening
some type of interlock for cutting off the power to the receiver.
Fig. 16-4 shows the interior of a flyback power supply chassis.
The output amplifier tube is at the extreme right. Behind other
tubes and at the center is a high-voltage rectifier tube.
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Fig. 16-5 is a picture of the bottom of the same power supply
chassis. The output transformer may be seen at the lower left.
The right-hand side of this picture is the rear of the chassis base
shown by Fig. 16-4. In the base portion are adjustments for horizontal size (an inductor on the transformer secondary), for
horizontal linearity (an inductor between damper and transformer primary), and for horizontal drive. The inductor for
horizontal linearity is visible in the center at the right-hand end
of Fig. 16-6.

Me 16-S.—Bottom view of the Du Mont high-voltage power supply chows.

It will be recalled that adrive control or peaking control al*ers
the amplitude or height of the sawtooth wave and of the negative
pulse preceding the sawtooth. These characteristics of the wave
affect the strength of the flyback pulse, whose peak potential
determines the voltage on the anode of the picture tube. Consequently, adjustment of the drive or peaking control changes the
anode voltage and affects brightness and definition in the picture.
There is some radiation from parts of the high-voltage supply
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operating at the horizontal line frequency. This radiation is
prevented from causing trouble by using the grounded shield
around all such parts. The chance of interference with the picture
is further reduced by the fact that the pulses producing the
anode voltage occur during retrace periods, when the beam is
blanked.
With a high-voltage supply of the flyback type any trouble
which stops production of the sawtooth wave stops generation of
the flyback pulses and cuts off the anode voltage for the picture
tube. This means that failure of the horizontal oscillator, discharge tube, or output amplifier would cut off the beam. Were
the beam not cut off, troubles which stopped the sawtooth wave
and deflection would leave the beam tracing only a vertical line
rather than a raster. Should there be failure of vertical deflection at the same time, the beam would be left stationary at the
center of the screen, and would quickly burn the phosphor at
this point were there no cutoff action.
In receivers wherein plate current for the horizontal output
amplifier is taken through the damper tube, failure of the damper
will put the amplifier out of action and cut off the picture tube
beam. This is evident from tracing through the electron flow or
current paths shown by Fig. 16-3. In that diagram there is shown
afuse in the lead to the bottom of the transformer primary. This
is a high-voltage type of fuse, usually of 1/.1 ampere rating. Its
purpose is to blow and prevent burning out the transformer
winding should the output amplifier become gassy and draw
excessive plate current.
Voltage Doublers.—In low-voltage B-supply systems used in
radio, television and other electronic applications it is fairly
common practice to use voltage doubling circuits. These circuits
are supplied from the a-e power line which furnishes positive
and negative alternations. Positive alternations cause current
through one half-wave rectifier and charge one of two capacitors.
Negative alternations cause current through a second half-wave
rectifier and charge the other capacitor. Capacitor charge voltages add to line voltages in the output to raise the overall d-c
potential difference to nearly double that of the effective a-c
voltage of the line.
The pulses available for the high-voltage rectifier In the flyback
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power supply system are not alternating, all are of positive
potential. Therefore, the ordinary voltage doubling circuit cannot
be used. Instead of only two capacitors there are three in a
circuit whose most usual form is shown by Fig. 16-6. Such a
circuit will furnish the 12,000 to 13,000 anode volts required by
picture tubes larger than the 10-inch size.

Brightness
R. là-6.—Voltage doubler circuit as used veldt flyback power supplies la teievision receivers.

Each high-voltage pulse makes the plate of rectifier A positive.
This rectifier conducts, and capacitor Ca is charged in the polarity
marked. This charge is due to pulse voltage supplied from the
transformer. At the end of the pulse the plate of rectifier A
becomes negative and remains so until another pulse, thus keeping
this rectifier non-conductive during the interval. During this
interval between pulses part of the charge from Ca passes through
resistor R and builds up a charge on the capacitor Cb in the
polarity marked. That is to say, during this interval there is a
decrease of charge on Ca and an increase on Cb.
Now we may consider the next positive pulse from the transformer. Actually, all that is being described as happening during
any pulse in separate parts of the circuit happens during every
pulse in all the parts, but it is easier to think of one thing at a
time. Because of the positive potential on the side of Cb which
is toward the plate of rectifier B this plate becomes positive,
there is conduction in rectifier B, and capacitor Cc is charged.
Capacitor Cc is, in effect, being charged from the charge which
has been placed upon capacitor Cb.
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Turning next to the anode circuit of the picture tube, we find
this circuit to include the following: Anode to the positive side of
capacitor Cc, then from the negative side of Cc to the positive
side of capacitor Ca, from the positive side of Ca through ground,
the brightness control resistor, and to the cathode of the picture
tube. Capacitors Ca and Cc are in series with each other, and the
polarity of their charges is such that the voltages add together.
These two capacitors have been separately charged by the action
previously outlined, but they discharge in series and furnish to
the picture tube avoltage much greater than from either capacitor alone and much greater than obtainable from asingle rectifier
in the conventional circuit.
Oscillator High-voltage System.—Fig. 16-7 is acircuit diagram
for a high-voltage power supply employing an oscillator whose
output is stepped up by a transformer and rectified by a second
tube. Systems of this general type are used in receivers having
either electrostatic or magnetic deflection picture tubes, but are
more commonly employed in connection with electrostatic picture
tubes.
Oscillator frequencies range all the way from somewhat below
100 kilocycles up to around 350 kilocycles. The oscillator tube
most often is abeam power type or apower pentode. There may
be two oscillator tubes in parallel. A beam power or pentode tube
sometimes is connected to operate as atriode.
Feedback
Ring
Transformer

S

Oscillator

Rectifier

Cp
Output
.--eml --

R-f Choke
=—

-=-

;

B-F

Pig. 16-7.—High-voitage power supply consisting of w.f «dilator, step-up Ireatiervitee.
and rectifier.
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At the high frequencies employed in these systems the transformer may be an air-core type, of high-Q construction with
minimum distributed capacitance. The step-up ratio, primary to
secondary, may be as much as 35 to 1. This requires asecondary
of many turns. The resonant frequency of the secondary is that
corresponding to its inductance and the sum of distributed
capacitance in the winding, stray capacitance in connections,
and the internal capacitance of the rectifier. The primary, of
fewer turns, is tuned by means of the paralleled capacitor Cp to
a frequency nearly the same as the secondary frequency. The
oscillator plate circuit of Fig. 16-7 is completed back to the
cathode through capacitor Cb. In other circuits both the plate
return and cathode are grounded. Voltage and current for the
rectifier filament are taken from one or two turns of insulated
wire on the transformer.
The oscillator plate is connected through the transformer
secondary to the plate of the rectifier. To provide feedback of
plate circuit energy to the grid of the oscillator in Fig. 16-7 there
is a small coiled spring placed around the outside of the glass
envelope of the rectifier. The diagram shows a commonly used
symbol for this general type of feedback. Fig. 16-8 shows the
appearance of the rectifier with its feedback spring and the
Rectifier Plate

Secondary
Primary
Filament Coi!

»g. Wit.—The 183 rectifier and the transformer for ea oscillator type
high-voftage supply system.
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oscillator transformer. The feedback is through capacitive coupling with the spring as one plate, the tube envelope as dielectric,
and the current-carrying internal elements as the other plate.
The position of the coupling spring or an equivalent clip on
the bulb of the rectifier determines the degree of coupling and
varies the feedback when the spring or clip is moved. The usual
position is around the approximate center of the cup-shaped
plate of the rectifier, or between there and the bottom of the
plate. Incorrect positioning will reduce the power output, and
may even prevent oscillation from starting when the receiver is
turned on.
No one circuit arrangement is particularly typical of oscillator
high-voltage systems. Always there are one or more oscillators
whose tuned plate circuits are the primaries for a coupling transformer of very high step-up ratio, and there is a half-wave highvoltage rectifier connected to the secondary. Other details are
subject to wide variation.
In Fig. 16-9 the feedback to oscillator grid is from a small
tickler coil above the transformer secondary winding. In this
feedback lead is a grid leak-capacitor combination for providing
oscillator grid bias. The plate tuning capacitor Cp is adjustable

se

A%Á..
1-•

_
B

Fig. 16-9.—Oscillator type power supply with adjustment for output voltage
and alternative methods of feedback.
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for varying the high-voltage output of the system. The low ends
of tickler, secondary, and primary transformer windings are
grounded, which is equivalent to connecting them together.
Return circuits are to the grounded cathode of the oscillator.
Between the B + lead and the screen and plate of the oscillator
are r-f chokes with bypass capacitors to ground. These chokecapacitor filters prevent the high oscillator frequency from
getting out to the low-voltage B-supply from which the B+ lead
is fed.
In broken lines at the bottom of Fig. 16-9 is a different type of
feedback circuit, running from the low end of the transformer
secondary to the oscillator grid and to B— or ground. Except for
the adjustable tuning capacitor for the oscillator plate, none of
these variations in the circuit has much effect on servicing.
The more nearly the plate circuit is tuned to the natural frequency of the secondary the higher will be the output voltage to
picture tube circuits, this because there is maximum energy
transfer from primary to secondary when their resonant frequencies are alike. For stable operation of the oscillator it is
advisable to tune the plate circuit to a slightly lower frequency.
This may be done by first tuning for maximum output voltage,
then increasing the tuning capacitance (capacitor Cp) to obtain
slightly lower voltage or to bring the voltage to a value recommended for the receiver. This adjustment can be correctly made
only with ahigh-voltage voltmeter connected between the output
and ground.
Because of their high operating frequency it is necessary that
oscillator types of high-voltage supply be well shielded to prevent
radiation. It is necessary also that the incoming B+ lead pass
through one or more r-f chokes, with bypass capacitors to ground
or B—, to prevent radiation from the supply lead. If this high
frequency gets to the grid-cathode circuit of the picture tube, by
way of any of the video circuits, it will produce on the screen a
series of closely spaced vertical or diagonal lines.
High-voltage Rectifier.—The rectifier tube or tubes for highvoltage supply systems •of all kinds most often is the type
1B3-GT, formerly the type 8016. This is ahalf-wave rectifier with
filament-heater and a top cap for the plate connection. The
filament requires acurrent of 0.2 ampere at 1.25 a-c volts. Should
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the filament operate at anything exceeding 1.50 volts, even for
a moment, the emission ability will be ruined, even though the
filament does not burn out.
The filament voltage rating is based on effective a-c volts. In
neither pulse operated nor oscillator types of power supply is
there any simple method for making direct measurement of
effective a-c voltage on the filament. To insure operation of the
filament at a safe temperature dependence is placed on observation of its color or brightness when heated.
To check the operating temperature, in accordance with color,
remove the rectifier from its socket or use a similar tube, and
connect the filament pins (2 and 7) to a measured potential
difference of 1.2 or 1.25 volts either a-c or d-c. Observe the color
of the lighted filament in a room which is dark or has only subdued light. The color must be no brighter with the tube in normal
operation. The measured testing potential may be obtained from
apotentiometer with its ends connected across some low-voltage
winding of an a-c power transformer or filament transformer, or
connected across a number 6 dry cell, having the filament pins
between the slider and either end of the potentiometer. An accurate a-c or d-c voltmeter must be connected to the same points as
the filament pins during the test.
Corona Discharge and Flashover.—A corona is a faintly
luminous discharge from high-voltage conductors into or through
surrounding air spaces. The color is blue, purple, or may be
slightly tinged with yellow. This trouble may occur in circuits or
parts of power supplies for the high-voltage anode or deflection
plates of picture tubes. The exact point of the discharge sometimes may be located by watching the high-voltage parts and
conductors with the room dark. If leakage is severe there may be
actual flashover between high- and low-voltage conductors.
The effect of corona or flashover on the picture tube screen is
somewhat as represented by Fig. 16-10. There are irregular white
flashes of various lengths, or, depending on where the leakage
originates and to where it proceeds, there may be dark streaks.
The effect is much like that of spark or ignition interference, but
it will continue with the antenna or transmission line disconnected when due to receiver trouble, and will stop when from
outside interference.
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There are many possible causes for corona discharge. It may
result from excessive collection of dust or dirt around any highvoltage terminals, as at rectifier or picture tube sockets, where
conductors are not covered with insulation. There may be too

Pig. Tem.—Corona discharges and flashovers from high-voltage conductors
cause streaks in the picture or pattern.

little clearance between such conductors and chassis metal or
any other exposed conductors, including connections to bleeder
resistors. A spacing of 3/8 to 1/2 inch should be the minimum.
Corona often will appear at any sharp points which have remained on soldered joints or at socket lugs. Such places should
be rounded off if possible, or given a coating of some good coil
dope such as the polystyrene or polyethylene varieties.
Corona or sparking may occur if rectifier base pins make poor
contact in the socket, also if there are "rosin joints" or other poor
connections anywhere in the high-voltage wiring. Less likely
causes include defective high-voltage filter capacitors. Effects
which are similar to corona on the picture tube may result from
amplifier or other tubes being gassy or microphonic.
Low-voltage B-supplies.—Although the high-voltage supplies
for picture tube anodes and deflection plates usually are quite
different from anything found in sound radio receivers, the television B-supplies for plates, screens, and biasing of other tubes
employ much the same principles utilized in radio and such lines
as public address.
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Often there are two power rectifiers arranged somewhat as
shown by Fig. 16-11. One rectifier and filter may supply plate
and screen circuits requiring relatively high voltage, and the
other rectifier may be for lower voltage requirements. Or one

Centering
Focus r—

B— max

Bright—
ness

Bias

Bias

Ground

Fie le-11.—A few-voltage B-supply ompioying two rectifiers.

may be connected to tubes requiring large currents, and the other
to tubes taking relatively small currents. Again, the two rectifierfilter systems may be alike or nearly alike, with the plate and
screen load of the receiver divided about equally between the two
systems. In addition to the choke usually employed in power
supply filters, additional filtering inductance may be had by
connecting the speaker field or else the focusing coil as a filter
inductor.
In the lines feeding a-c power to heaters or filaments of tubes
in r-f and i
-f sections will be r-f chokes and bypass capacitors
providing high-frequency decoupling between stages, and helping
to reduce hum at the power supply frequency. If a damper tube
is atype having the cathode and one side of the heater connected
to the same base pin, the power transformer will have a separately insulated heater winding for this tube alone. This is
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necessary because the high deflection voltages reach the heater
circuit.
There are many transformerless receivers using selenium
rectifiers for plate and screen currents where the accompanying
voltages are 125 or less. Tubes of practically all types are available in this voltage range. In some receivers there are voltage
doublers including either tube rectifiers or selenium rectifiers
from which voltages in excess of 200 are obtained without a stepup transformer. Transformerless receivers have tube heaters
connected in series, just as in radio. Heater strings are arranged
in various series-parallel combinations for tubes requiring heater
currents of 0.15, 0.30, and 0.45 ampere, and for picture tubes of
types whose heater current is 0.60 ampere. Ballasts are used
to prevent current surges when power is applied to cold heaters.
In some receivers employing selenium rectifiers for the Bsupply there is a transformer with an insulated primary connected to the line, and with insulated secondaries for the rectifiers and for heater or filament currents. In transformerless
receivers the B— side of all circuits connected directly to one
side of the a-c power line. As mentioned earlier, these receivers
should be tested only while connected to the power line through
an isolating transformer. If you have no such transformer, connect between B— of the receiver or chassis ground and a cold
water pipe or other building ground an a-c voltmeter capable of
measuring line voltage. Then insert the cord plug in the a-c
receptacle. If the voltmeter reads line voltage or nearly so, the
chassis is hot and the plug must be reversed in the receptacle
before connecting any test instruments to the chassis. If the
plug is correctly inserted, the chassis or B— will be at building
ground potential and the meter will read zero.
Series-parallel Plate-cathode Circuits.—There are many television receivers in which the maximum B-voltage from the power
supply filter is applied to groups of tubes wherein cathode current of one group becomes plate current and screen current for
the other group. This places the plate-cathode voltage drops of
the two groups in series across the power supply, and provides
low B-voltages without the use of voltage dividers.
The principle of this method of voltage dropping is illustrated
by Fig. 16-12. A conventional rectifier-filter B-power supply is
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shown at the lower left. We shall assume that, at the output of
this power supply, the potential is 350 volts above ground. This
potential is connected to the screen of the audio output tube and,
through the output transformer primary, to the plate. We shall
assume further, just for an example, that the plate to cathode
drop in this audio tube is 200 volts. Then the cathode will be at
a potential 150 volts above ground.
Audio
Uutput

Power
Supply

135 volts

350
volts
150
volts

—IA1
II
7..-

Filter

II

Fig. 16-12.—Three tubes in a para let connected group which is in serial
between cathode and ground of on audio output tube.

The cathode line from the audio output tube is run through a
resistance-capacitance filter which removes any audio frequencies
from the current and voltage. The filtered potential, still at nearly
150 volts, is applied to plates and screens of three tubes shown
at the lower right. In these three tubes the drop from plate to
cathode and through any cathode resistors takes up the remaining B-voltage, and we come from the cathodes back to ground at
zero voltage. Of the total 350 volts from the power supply, 200
volts have been used up on the audio output amplifier, and 150
volts in the cathode filter and the other three tubes.
in order to provide grid bias suitable for the audio output tube
its grid return is to ground through a voltage divider connected
to the plate supply line. The grid return connection is shown as
providing 135 volts at the grid. This is 15 volts below the cathode
potential of 150 volts, and makes a negative grid bias of 15 volts.
Any other bias could be furnished from the divider connection
made to asuitable point. In system such as this we encounter grici
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voltages which are far above ground potential, yet have negative
grid biases with reference to the cathode of the same tube.
Obviously, the total of plate current and screen current in the
audio output tube of Fig. 16-12 must be exactly the same as the
total of plate and screen currents in the three tubes fed from the
cathode line. To have equal currents in the series-connected
groups there may be any number of tubes in each group. Sometimes there are only two tubes in series across the B-supply, or
there may be two or more tubes in either or both groups so long
as currents may be the same for both groups.
Fig. 16-13 shows an extension of the method of using some
tubes to drop the plate and screen voltages for others, and in the
same diagram shows some other voltage changing methods which
have been examined previously. Beginning with a single power
supply transformer and rectifier, there are provided for various
plates, screens, and anodes voltages of 420, 350, 245, and 130,
also 9,000 volts for the picture tube, without using voltage
dividers. To simplify the diagram, the plate loads are shown
merely as resistors or coils, while grid and coupling circuits are
omitted altogether.
Line A from the power supply filter furnishes 375 volts for
plates of the sound and audio amplifiers and the audio output
tube, also for the screen of the sound i
-f amplifier. The drop
across these tubes, from plates and screens to cathodes, is 245
volte. That is to say, this group of tubes is working on an effective
plate and screen supply voltage of 245. All their elements, including the grids, are at voltages of 130 or more above ground
potential.
The 130 volts from the cathodes of this top group of tubes is
filtered by resistor Rf and capacitor Cf, and is applied to plates
and screens of three video i
-f amplifiers and also to the plate of
the video amplifier. Cathodes of this second group of tubes
connect through biasing resistors to ground.
From farther along in the power supply filter we have line B
which furnishes 350 volts to the following: Plate of vertical
output amplifier. Screen of horizontal output amplifier. Screen
of video amplifier and through aresistor to the plate of this tube,
in addition to voltage from the cathode feed. Second grid of the
picture tube. Plate of the damper tube.
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In the damper tube there is a booster action adding 70 volts to
the 350 volts at the plate, and making 420 volts available from
the damper cathode. This 420 volt potential is applied to the plate
of the horizontal output tube, to the plates of both horizontal and
vertical oscillators, and to the plate of a sync amplifier. Finally,
the flyback high-voltage system furnishes 9,000 volts to the
picture tube anode.
In these systems having groups of tubes in series there is an
automatic voltage regulation of plate and screen voltage fed from
the cathode of one group to another group. This regulating action
Sound

and Audio Amps.
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r—

130 volts
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Video
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B 350 volts

Power
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Fig. 14S-13.-8-power supply circuits from which a number of different plate, sere«,
and anode volt.oes are obtained without voltage dividers.
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occurs in the tube carrying most of the current for the first group.
In Figs. 16-12 and 16-13 this heavy-current tube is the audio
output amplifier.
If there is any change of plate-screen voltage for the tubes fed
from the cathode line this change exists also at the cathode of the
audio output tube. A change of cathode voltage means a change
in grid bias, which is the average voltage difference between grid
and cathode. A change of grid bias changes the plate and screen
currents in the audio output tube, whose sum is the total current
for tubes fed from the cathode.
For an example, assume that there is adecrease of plate-screen
voltage on the tubes fed from the cathode line and, of course, the
same drop at the cathode of the audio output tube. This means a
smaller difference between cathode and grid voltages on this
tube, a less negative grid bias, and more current through this
tube. The result is an increased voltage drop between plates and
cathodes of the tubes down below, the tubes fed from the cathode
line. The action began with a decrease of this plate voltage, and
the increase corrects the condition. The effect is to maintain a
fairly constant plate and screen voltage for tubes fed from the
cathode line. These fed tubes usually include the video i
-f and
output amplifiers, and often the r-f, mixer, and oscillator tubes
in the tuner.

Chapter 17
TELEVISION ANTENNAS
In the early days of radio broadcasting everyone who expected
to have good reception erected an outdoor antenna 50 to 100 feet
long. Today most local radio stations can be received very well
with no antenna at all, and even for considerable distances we
use antennas built into the receiver. History seems to be repeating to some extent in the field of television. Many television
receivers are designed to operate with a built-in antenna when
within reasonable distances from transmitters. There are, however, few television receivers which will not produce better
pictures when operated with an outdoor antenna if very far
from the transmitters.
The distance from atransmitter at which it becomes necessary
to use an outdoor antenna depends not only on the receiver but
on many other factors as well. A few of these factors are: The
particular channels or frequencies used by available stations and
the radiated power of these stations. The kind and height of
buildings and other structures between transmitter and receiver,
and the contour of intervening land. The number and kind of
electrical machines and devices which are in operation near the
Insulating
Support
•
I
Transmission
I
Line
I
r4-- 1/
2
Wavelength

•
I
i
I
>4

Fig. 17-1.—A simple half-wave dipole antenna for television.

receiver. The type of building in which the receiver is located,
where the receiver is placed in that building, and whether the
location is on a plain, in a valley, or on a hill. Maximum distance
for satisfactory reception without an outdoor antenna may be
anything between five or six miles and twenty miles or even more.
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This chapter is concerned with some methods of getting the
most from an outdoor antenna when this type must be used.
Often there will be one channel from which reception is poorest,
and it is a service problem to get the most from that channel
without sacrificing too much of the signal strength from other
channels. It will be impossible even to mention all of the many
varieties of antenna design, but we shall deal with principles
common to most of them.
Dipole Antennas.—The basic form of television antenna is the
half-wave dipole, usually constructed about as shown by Fig.
17-1. The overall length is, theoretically, one-half the wavelength
of the carrier signal to which the antenna is to have maximum
response. When the electrostatic field of that carrier wave is of
maximum positive potential at one end of ahalf-wave antenna it
will be of maximum negative potential at the other end. The
result is maximum signal current in the antenna, the connected
transmission line, and the antenna input circuit of the receiver.
Note that this simple straight dipole is rather sharply tuned
to the wavelength or frequency for which it is cut. Fair results
will be had on adjacent channels, but this is not a broad band
antenna suited for reception throughout the entire low-band or
the entire high-band channels in the television spectrum. In a
second or third channel from the one for which tuned the response will be down to around 30 to 40 per cent of the maximum
for the tuned channel.
The most generally used broad band antenna is the folded
dipole of Fig. 17-2. This consists of a continuous metallic tube
looped at the outer ends and with one side having a gap across

1
/
2

Wavelength

Pig. 77-2.—A bolf-waye folded dipide, a brood bond antenna.

which the transmission line is connected. The two parts of the
loop are mounted in avertical plane. The folded dipole is another
half-wave type, its maximum dimension being approximately
half of the carrier wavelength to which the antenna is to have
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maximum response. Although the folded dipole is thus tuned to a
particular wavelength or channel frequency, its response is sufficiently broad that all channels in either the low or high television
bands may be handled with a single unit or element.
Antenna Length and Wavelength.-When a half-wave dipole
antenna is intended for reception from all the low-band channels
or from all the high-band channels, the overall length of the
antenna often is based on awavelength at the center of the band.
In the high-band group of television channels number 10 is at the
center, so the antenna length might be made suitable for channel
10. Because of unequal spacings between low-band channels no
one of them is in the center of this band, although number 4 is
approximately so.
If reception is known to be more difficult in some one channel
of a band, the antenna length might be made just right for that
particular channel. This would help obtain more uniform results
throughout the band.
The accompanying table lists overall lengths for either simple
or folded dipoles suited to each channel and to the mid-frequency
of the low-band channels. The frequency for each channel is
taken as being half way between the video and sound carriers.
Because of capacitance effects in the antenna, the length is made
about 8 per cent less than a half wave. The table lists also the
approximate lengths in space of full waves, half waves, and
quarter waves. These other dimensions are useful in various
computations relating to antennas and transmission lines.
ANTENNA LENGTHS AND WAVELENGTHS
HALF WAVE
DIPOLE

WAVELENGTH

HALF WAVE

QUARTER WAVE

Channe.
2
3
4

Feet
7.87
7.13
6.51

Feet and
inches
7 11-6/16
7 1-9/16
6 6-1/8

Feet
17.12
15.50
14.16

Feet and
inches
17
1-7/16
16
6
14
1-15/16

Feet
8.56
7.75
7.08

Feet and
inches
8 64/4
7 9
7 1

Feet
4.28
3.87
3.54

band

6.33

6

4

13.76

13

6.88

6 10-7/16

3.44

II

5
6
7
8
9
10
11
12
IS

5.70
5.30
2.55
2.47
2.39
2.32
2.25
2.18
2.12

5
5
2
2
2
2
2
2
2

8-3/8
8-6/8
6-6/8
6-9/16
4-3/4
3-3/4
3
2-3/16
1-7/16

12.35
11.52
5.65
5.36
5.20
5.04
4.89
4.76
4.61

12 4-11/16
11
6-1/4
5 6-9/16
5 4-7/16
6 2-3/8
5 0-3/8
4 10-5/8
4 9
4 7-5/16

6.19
5.76
2.77
2.68
2.60
2.52
2.44
2.37
2.31

6 24/16
5 9
2 9-1/4
2 8
2 74/16
2 6-1/4
2 5-5/16
2 4-1/2
2 3-11/16

3.10
2.88
1.39
1.34
1.30
1.26
1.22
1.19
1.15

8 1-5/16
2 10-7/16
1 4-5/8
1 4
1 8-9/16
I 3-1/8
1 2-11/14
1 2-1/4
1 1-13/16

9-1/8

Feet and
inches
4 3-3/8
8 10-7/16
3 6-7/16
5-6/16

Directional Effects.-Any dipole antenna whose opposite sides
lie in a straight line has maximum sensitivity or response to
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signals coming along lines which are at right angles to the length
of the antenna. This is shown by Fig. 17-3 for a folded dipole.
There is the same directional effect with asimple dipole and with
mther combinations of elements provided all elements extend in
a single vertical plane. There is minimum sensitivity or response
tle signals coming in line with the length of the antenna.
In alocality where the desired signals are strong there will be
ample response even though the antenna is turned quite a ways
Minimum
Maximum
Response

Minimum
Response

Maximum

Pig. 774.—Maximum response of o dipole antenna is at right angles to its own length.

from a position at right angles to the direction of signals. Then
it usually is more important to turn the antenna for minimum
response to undesired signals or to sources of electrical interference than to turn it for peak response on desired signals. If
the desired signal or signals are weak it is of great advantage to
get the antenna turned broadside to these signals. A change of
10 or 15 degrees either way from the peak position will cause a
noticeable decrease in signal strength. Where a single dipole
must receive signals from several stations in different directions
the antenna should be rotated to bring the weakest signal to
maximum possible strength.
Reflectors and Directors.—Fig. 17-4 shows a reflector element
mounted parallel to a folded dipole on the side of the dipole
opposite to that from which maximum signal strength is desired.
The reflector may be a continuous length of tubing or it may be
divided for convenience in manufacture and assembly. The
reflector may or may not be insulated. It has no electrical connection of any kind to the antenna, the transmission line, to
ground, or to anything else. The overall length of this tubing is
somewhat greater than of the antenna element. Usually the
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reflector length is equal to a half-wavelength as listed in the
preceding table. The same type of reflector may be used with a
simple straight dipole antenna as with the folded type illustrated.
The effect of the reflector is to make a very considerable increase of sensitivity in the "forward" direction and a great deMaximum

Min mum

--

-- -- —
Minimum

Reflector

N
\
Reduced
N
Response

Fig. I7-4.—A folded dipole with reflector element.

crease in the opposite direction, also to make the antenna system
more directional so that there is maximum response through a
narrower angle than without the reflector. The reflector is used to
bring up signal strength from one direction or in one channel, to
reduce or eliminate interference from the opposite direction, or
for both purposes.
The reflector usually is spaced a quarter-wavelength back of
the antenna proper. Such spacings are listed in the table of waveMaximum
Response

Dipole
Antenna
Reflector

Director

Rg. 17-5.—A simple dipole will& direct« eiml rehear eleisieels.
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lengths. If this spacing is made less than a quarter-wavelength
there is anarrowing of the frequency band, a reduction of signal
strength from all channels other than the one for which the
antenna and reflector are tuned or cut. Most reflectors are simple
straight lengths of tubing. If the reflector is of the same form as
a folded dipole the frequency response becomes broader than
with astraight reflector. That is, the signal strength will be made
more nearly equal from channels of higher and lower frequency
than the one for which the elements are cut.
In Fig. 17-5 we have a simple straight dipole antenna in
between two paralleled conductors. The extra conductor toward
the direction from which maximum response is desired is called
a director. The conductor which is back of the antenna is a
reflector. The director increases response to the desired signal,
adding further to the increase obtained from the reflector, and
makes the frequency response somewhat narrower.
Usually the director is made about 5 per cent shorter than the
antenna in overall length, and is spaced 1/
4 wavelength in front
of the antenna element. If the director is moved closer to the
antenna element there will be still more increase in forward gain
and a further narrowing of frequency response until reaching a
spacing somewhere around 1/
8 wavelength. Slightly more gain
and a narrowing of frequency response result from making the
director of the same length as the antenna element. The antenna
element itself may be a simple dipole, as illustrated in Fig. 17-5,
or it may be a folded dipole. The folded dipole gives a much
broader frequency response than the simple dipole.
Two-band Antennas.—Wherever signal strength is low enough
to require use of an outdoor antenna it ordinarily is necessary to
use one element or set of elements for the low-band channels and
a separate element or set of elements for the high-band channels.
The response of a single unit seldom is broad enough to cover
the two widely separated frequency bands. The two antenna
systems may be of any type. The same general style of construction, except for lengths, may be used for both bands, or the lowband system may be of one type and the high-band system of a
different type according to differences between requirements or
signal responses in the two bands.
Most two-band antenna systems employ folded dipoles for the
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active receiving elements and straight tubing for reflectors. The
high- and low-band arrays may be one above the other, as in
Fig. 17-6, with a reflector element for each of the folded dipoles.
Usually the shorter high-band array is above the low-band array,
but this arrangement may be reversed.

ob
Kg. 174.—A duel antenna system with the high-band elements above ea
low-band elements.

In another general type of two-band design, shown by Fig.
17-7, the high-band folded dipole is mounted in front of the lowband folded dipole element, and a single straight reflector element is placed back of the low-band dipole. This "straight-line"
arrangement is satisfactory when all stations to be received are
in the same direction from the receiver location. The vertical
arrangement (Fig. 17-6) permits the low-band array to be

Fig. 17-7.—Dual antenna with the high-band element in front of the lew-beetd eleaseet
and with a single reflector at the rear.
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turned for stations in one direction and the high-band array to
be turned in a different direction for other stations.
Usually asingle transmission line is run from both elements of
a two-band antenna to the receiver. The two elements are connected together by alink made of transmission line. If the length
of the link and its connections to the two elements are as originally assembled or in accordance with instructions of the manufacturer they should not be altered. With the correct length and
connections of the link, the two antennas will not react to greatly
lessen the signal strength from either one. If alterations are
made, the signals from the two elements may be in such phase
relation as to either assist or oppose their voltages. Although the
two antenna lengths are for widely different frequencies, both
pick up some signal voltage in any channel to which the receiver
may be tuned.
Fig. 17-8 shows possible changes of connections for high- and
low-band elements connected together by a link, and to the

Line to
Receiver
Re 17-8.—four possible connections of transmission line to high-bond and low-bond
antenna elements.

receiver through a transmission line. The link may run straight
or be twisted ahalf turn. The transmission line may be connected
to either one of the antenna elements. The connection to use is
the one giving the strongest signal on the band where strength
is needed.
Instead of connecting the high- and low-band elements to the
receiver through asingle transmission line, separate lines may be
run from the antennas all the way to the receiver. This requires
a change-over switch operated by or in connection with the
channel selector to bring in the antenna for whichever band is to
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be received. There is somewhat better response in each band
when using two lines and two antennas than when using a single
line for both antennas.
Stacked Dipoles.—Fig. 17-9 shows front views of antennas
called stacked dipoles or H-type antennas, the latter name because the form is that of a capital H lying on its side for the
horizontally polarized television waves. The unit at the left is
essentially two simple dipoles joined together with parallel tubes

Fig. 17-9.—Stocked dipoles or H-type dipees.

between the center gaps. At the right are two folded dipoles
similarly joined at their center gaps. The two sides of the transmission line are connected midway between top and bottom to
the two vertical tubes.
Compared with a single simple dipole or a single folded dipole
this H-type has more gain at the frequency for which the length
is cut, and has also a considerably broader frequency response.
The folded type has response broad enough for a single H-unit to
work in both television bands, provided signals are strong in
either one band or the other. The length is cut for channel 7 if
signals are weakest in the high band, or for channel 6 if signals
are weakest in the low band. There is maximum gain when the
distance between top and bottom elements is a half-wavelength
in the channel for which the units are cut. To lessen the overall
size, this vertical spacing often is reduced to as little as a
quarter-wavelength for the low band, but at some sacrifice in
gain.
The stacked array often is used where there is severe electrical

386

APPLIED PRACTICAL RADIO-TELEVISION

interference because, compared with most other types, there is
greater rejection of interference impulses coming from either
above or below the antenna. This is the type of interference due
to flashing signs, diathermy apparatus, auto ignition systems,
and other electrical devices. Reflectors usually are placed behind
each element. Directors sometimes are added in front of each
element. Reflectors and directors have the same effect as with
other antennas in increasing gain and making more pronounced
directional effects.
Impedance Matching.—A signal reaching an antenna induces
voltage and current which represent some certain amount of
power. It would be highly desirable to transfer all this power to
the receiver input circuit, but there is unavoidable loss in the
high-frequency resistance of any transmission line. In addition
there are losses, largely avoidable, due to not having the impedance of the line matched to the impedance of the antenna
and/or to the impedance of the receiver input circuit. Losses due
to mismatching of impedances result in "snow" and all the other
characteristics of a weak signal, including a generally weak
picture, poor definition, and even multiple images or "ghosts."
The impedance at the center gap of a half-wave simple dipole
antenna is approximately 73 ohms at the frequency for which
the antenna is cut and if the antenna is far enough from all
surrounding objects that they do not affect inductance or capacitance. Under such conditions the antenna impedance would consist of resistance alone, without inductive or capacitive reactance.
The impedance at the gap of a folded dipole under similar conditions is about 300 ohms. At frequencies other than that for
which the antenna is cut the impedance will be higher, but it will
not change proportionately to frequency. For signals of higher
frequency the antenna impedance will have an excess of capacitive reactance, and at lower frequencies will have an excess of
inductive reactance.
The impedance of a transmission line is not affected by the
same factors which affect antenna impedance. Line impedance
depends on inductance and capacitance per unit length of line
and on the dielectric constant of whatever insulation is used for
protection and support. This characteristic impedance of a line
of given construction is not altered by any change in length of
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line, nor is it altered by variations of frequency—because frequency has no effect in inductance, capacitance, or dielectric
constant.
Standard types of ribbon or twin-lead transmission line, with
two parallel insulated conductors, are available with impedances
of 75 ohms, 100 ohms, 150 ohms, and 300 ohms. The 300-ohm
line is used with receivers having a 300-ohm input circuit
balanced to ground. The 100-ohm and 150-ohm lines are used for
matching sections and other special purposes. The 75-ohm line
may be used between a simple straight dipole antenna and a
receiver having a 75-ohm balanced input, which would be an
unusual combination.
The unshielded ribbon or twin-conductor lines may have considerable capacitance to ground when run near any kind of
conductive materials. This would change the impedance and
increase power loss. Available also is shielded twin-conductor
cable of 300-ohm impedance. It consists of individually insulated
wires surrounded by a braided shield, with the whole protected
by outer insulation. This type is used with 300-ohm balanced
input receivers where there is considerable electrical interference
or where the line must run close to metal objects. The shield is
grounded.
Coaxial transmission line of 75-ohm impedance is used between
simple dipoles and receivers whose input circuit is of 75-ohm
impedance, not balanced, but connected on one side to ground.
The central conductor of the coaxial cable is connected to the
antenna terminal and the cable shield to the ground terminal. At
the antenna end the central conductor is connected to one side of
the dipole and the shield to the other side. Since the coaxial line
is shielded it may be run close to or on metallic materials. It
reduces the effect of electrical interference because of the
grounded shield.
Many practical applications of impedance matching are more
easily understood if we think of any antenna and any receiver
input, represented at the left in Fig. 17-10, as equivalent to two
parallel tunable circuits. at the right. If the antenna is tuned to a
received signal frequency, by cutting to a suitable length, the
inductive and capacitive reactances cancel leaving only resistance
and there is maximum voltage across the parallel circuit. This
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remaining resistance is the impedance of the antenna, 73 ohms,
300 ohms, or whatever it may be.
If the receiver input circuit is tuned, by design, for resonance
at the frequency coming from the antenna, here again we have
canceling of reactances and a remaining resistance which is the
input impedance of the receiver. If line impedance is the same
as impedances of antenna and receiver there will be maximum

Antenna

Line

Receiver

Fig. 17-10.—The antenna and receiver input circuit act somewhat like
tuned parallel resonant circuits.

transfer of signal energy or power from antenna to receiver.
The behavior of a tuned circuit when there is change of frequency is shown by the familiar curves of Fig. 17-11. At frequencies below resonance the capacitive reactance is greater than
the inductive reactance, the circuit has an excess of capacitance
effect. At frequencies higher than resonance there is excess
inductive reactance and excess inductance effect.
When alternating current flows in a pure inductance the
result is merely a conversion of energy into an expanding magnetic field, which then collapses to return all energy to the line
and source. When alternating current flows in a pure capacitance
there is charging, followed by a discharge which returns all
energy to the line or source. No power is absorbed in inductance
or capacitance. Energy goes from the source (antenna) to the
load and all of it is reflected back. Consequently, in the circuits
of Fig. 17-10, the farther we get from the resonant frequency
the more of the available signal power or energy is reflected
back to the antenna and the less goes to reproduce pictures and
sound in the receiver.
The transmission line possesses inductance and capacitance,
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and their reactances, in addition to its conductor resistance. If
the line impedance does not match the impedances of both antenna and receiver there are reflections at the junctions, and
signal power goes back to the antenna rather than to the receiver. Even a high-resistance joint in a line, or a change of
Capacitive

Inductance

Reactance

O

Reactance

Frequency

Fig. 17-11.—Voriations of capacitive and inductive residences below and above
the resonant frequency.

conductor spacing or other mechanical dimensions will change
the impedance at that point and there will be reflections with
accompanying loss of power going to the receiver.
Fortunately, short pieces of transmission line have all the
properties of tunable parallel circuits or tunable series circuits,
and their tuning as well as excesses of inductive and capacitive
reactance may be varied by changing the length of the piece of
line. Suitable lengths of line may be used to compensate for many
mismatches of impedance, by adding whichever kind of reactance is needed to bring back the equivalent of resonance at a
junction. Short sections of lines may be used also like impedance
matching transformers.
Antenna
Wavelength
Matching Section

Transmission

Receive"

Line
Fig. 17-12.—An impedance matching section between antenna and transmission line
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An antenna of one impedance may be matched to a transmission line of different impedance with a quarter-wavelength section of line as in Fig. 17-12. The matching section, connected
between the antenna and regular transmission line, is cut to a
length equal to a quarter-wavelength at the signal frequency for
which the antenna is cut. Quarter-wavelengths are listed in a
preceding table.
The length as taken from the table must be corrected for the
velocity constant of the kind of line used as a matching section.
The velocity constant is the fraction or percentage of wave
velocity in air at which the signal waves travel in the line. Waves
always are slowed down to a greater or less extent in any kind
of line. Constants for a particular line are given by manufacturers, usually on the package. For a generally used unshielded
twin-lead type of line the constant for a 300-ohm line is approximately 0.82, for a 150-ohm line it is 0.77, and for a 75-ohm
line it is 0.69. Multiply the quarter-wavelength listed in the
table by the velocity constant to determine the actual length of
matching section.
The impedance required in the matching section is equal to
the square root of the product of the antenna impedance and
transmission line impedance, thus:
Matching 2 =

NI
antenna

Z x line Z

Here is an example of matching a 73-ohm antenna to a 300ohm line. The product of 73 and 300 is 21,900. The square root
Df 21,900 is 148, which should be the impedance in ohms of the
matching section. A piece of 150-ohm line would be satisfactory.
To continue the example, assume that weakest reception is in
channel 8. The earlier table gives 1.34 feet as a quarter-wavelength for this channel. If the velocity constant of our 150-ohm
line is 0.77 we multiply 1.34 feet by 0.77 to find 1.03 feet as the
required length to be inserted between antenna and transmission
line.
The 150-ohm line would do also for matching a 300-ohm
folded dipole to a 73-ohm line, since the square root of the
products remains unchanged. The length of the matching section
always depends on the channel or frequency at which the best
matching is desired.
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When a receiver has an untuned antenna input circuit the
impedance is designed for a fair average match throughout the
entire television spectrum, or through an entire band if there are
separate inputs for high and low bands. If reception in one
channel is particularly weak it may be improved by using a
matching stub on the antenna terminals of the receiver, as
shown by Fig. 17-13.

Transmission Line
To Antenna

• Matching Stub
Ends
Shorted

Ends open

fig. 77-13.—Matching stubs on antenna terminals of receiver.

The stub is a piece of transmission line of the same kind used
between the receiver terminals and the antenna, connected to
the same terminals as the transmission line. The two conductors
at the free end of the stub may be connected together or shorted
as at the left, or they may be left entirely open, as at the right.
The length of a shorted stub will be approximately a quarterwavelength for the channel or frequency at which best matching is wanted, and for an open stub this length will be approximately a half-wavelength. Velocity constant need not be
considered, because adjustment is literally a matter of cut and
try for best results.
A fairly easy way to adjust a shorted stub is to use a piece of
line somewhat more than aquarter-wavelength long and strip off
the insulation from the outer sides of both conductors. Then use
a wire clip which can be slid along the two conductors as an
adjustable short circuit. When the position for best reproduction is determined by experiment, make up a new piece of line
with its free ends shorted at the required point and attach this
new piece to the antenna terminals.
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To adjust an open stub, commence with a piece somewhat
longer than a half-wavelength for the channel where reception
is to be improved. Then clip off not more than 1/
4 inch at a time.
The picture will become brighter and, after cutting off some
length of stub, will commence to dim out again. Make up anew
stub of the length which caused maximum brightness and connect it to the antenna terminals.
Antenna Location.—An outdoor antenna should be mounted at
the highest practicable elevation. The chief advantage of height
for a receiving antenna is in getting away from sources of
electrical interference and away from objects which may intercept or absorb signal energy. Height helps also to reach up to a
point at which there may be more nearly a "line-of-sight" path
between transmitting and receiving antennas without intervening obstructions.
When a probable or possible location has been selected, tests
should be made to determine the antenna position which produces maximum signal strength at the receiver. Usual procedure
is to have the antenna attached to a temporary mast or section
of mast which can be carried about while connected to the receiver through the type of transmission line to be used in the
final installation. The receiver should be tuned to the weakest
station, or alternately between weak stations. The transmission
should be of a test pattern rather than a picture program. One
person observes changes of brightness in the pattern while a
second moves the antenna.
The antenna should first be held horizontally while slowly
rotated about the mast as a center. Maximum signal may be
obtained with the antenna broadside to the station direction, or
in any other direction. Next, the antenna should be tilted one
way and the other. Television waves leave the transmitter horizontally polarized, but may arrive other than horizontally. This
rotating and tilting should be repeated with the antenna moved
to various locations if this is possible. The pattern at the receiver must be watched not only for maximum brightness but for
appearance of multiple images or "ghosts" which are due to
direct and reflected waves acting together at the antenna. This
effect may be eliminated by correct positioning of the antenna
ald by the use of reflectors and possibly directors also.
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The method just described calls for two persons with some
means for talking back and forth. The best means is a pair of
phones with a connecting line from antenna location to receiver.
The whole job can be done by one man if a portable television
receiver is taken to the antenna location, connected to the an-

/1-

Fife 17-14.—A Du Mont test set, a television receiver with o signal strength wooer,
taken to the antenna location while orientation is carried out.

tenna with a transmission line and to a power supply with an
extension cord, then watched while the antenna is orientated.
Fig. 17-14 shows a receiver designed for such work. It consists
of a chassis, picture tube, and two meters in a metal cabinet
with a front cover which hinges back over the top. One meter
is for measurement of line voltage. The other is a microammeter
connected to the grid circuit of the video amplifier for observation of relative field strengths or signal strengths.
With still another method a low-range high-resistance d-e
voltmeter is connected through a long flexible cord or cable to
chassis ground and the video detector load resistor of the regu-

344

APPLIED PRACTICAL RADIO-TELEVISION

lar receiver. The meter then is carried to the antenna location
and watched for maximum reading as the antenna is moved
about and turned in various ways. The meter will indicate relative signal strengths, but will not show the presence of multiple
images nor the general quality of the reproduction. These will
have to be checked at the receiver after aposition of satisfactory
signal strength has been found with the help of the portable
meter.
If signal strength is about the same from two or more locations, the one to be used is that allowing the shortest length of
transmission line between antenna and receiver. Loss of signal
strength, expressed in decibels, is directly proportional to length
1
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of line and increases with frequency. Fig. 17-15 shows approximate losses in decibels per 100 feet for twin-lead unshielded lines
of three different impedances when used at frequencies in the
television bands. In a long line the losses may well be serious,
especially at the higher frequencies and where the signal is weak
to begin with.
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Antenna Erection.—When installing television antennas for
customers it is essential to be acquainted with local rules and
ordinances relating to such installations, also with the latest
rules of the National Electrical Code for radio antennas, and to
investigate any restrictions such as may be imposed by building
or apartment leases. Code rules relate to supports of suitable
strength, to keeping away from power and light poles, to preventing any possible contact with conductors of lighting and
power circuits, and other matters affecting personal safety of
users and the public.
A metal mast always should be grounded through heavy
copper wire to a cold water pipe or a long rod or pipe driven
down to permanently moist earth. The transmission line should
run through a lightning arrester approved by the Underwriters'
Laboratories, and the arrester should be installed and grounded
according to instructions of its makers. Lightning is a distinct
hazard if these precautions are not observed.
Instructions for assembly and support come with commercially
available antennas. The antenna proper must be at least eight
feet from all metallic objects such as pipes, vents, gutters, metal
roofs, and such like. Remember that parts of the antenna structure will become loaded with snow and ice to increase their
weight, and they will be subjected to strong winds. Guy wires
should be used if the total height of the mast is more than about
six feet. In addition to making a secure installation this will
prevent swaying which causes picture movement, changes of
brightness, and maybe loss of sync. If guy wires come up close
to the antenna elements, break up the guys with regular antenna
insulators two or three feet apart for about the first six to ten
feet from the elements.
The ends of the transmission line conductors should be fitted
with soldered lugs for attachment to antenna binding posts.
Unshielded line should be fastened to the mast, near the antenna,
with some form of standoff insulator. From this fastening the
line should slope away from the mast, but not at an angle of
more than 45 degrees because coming any closer to the horizontal
might allow signal pickup in the line. Twist the line about one
turn per foot throughout its entire length, this being a further
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precaution against signal or interference pickup. Support the
line with any of the various standoff insulators made for the
purpose, staying away from all large metal objects and making
exposed runs taut enough to prevent swaying in the wind.
All types of shielded transmission line have their shields
grounded, so they may be clamped or taped to a metal mast and
may run close to or on bodies of metal.
Where the transmission line enters the building it should pass
through a hole drilled with a downward slope from indoors to
outdoors, just as for aradio leadin. The line should be protected
with an insulating tube where it goes through a building wall,
and must be continuous from outdoors to indoors without the use
of any leadin strips or connectors such as often used for radio
installations. Leave a drip loop on the outdoor side and close up
the opening with caulking compound for weathertightness. The
line can be made tight in the insulating tube by a winding of
cellulose tape. Do not pinch the line to change conductor spacing.
The portion of the line which is indoors may be supported on any
non-metallic surface with small pieces of insulation, or an unshielded line may be held with the fewest possible very small
brads through the center of the insulation. Do not use metal
clamps which enclose an unshielded line, they upset the
impedance.
The shield of coaxial line must come as close as possible to
the antenna terminals of the receiver, and the connection from
shield to ground terminal likewise should be very short. Braiding
of the shield may be prevented from opening by winding with
small gauge copper wire and lightly soldering this binding wire.
Use only atouch of solder, to avoid melting the cable insulation.
It is difficult to splice any type of transmission line without
changing the impedance and causing reflections. Better than a
soldered splice are the small plug type connectors made with
low-loss insulation in which the bared ends of the line conductors
are held by clamp screws, with correct spacing between the
conductors and pins. The halves of the connector may be tied or
cemented together for a permanent joint.

Chapter 18
COLOR TELEVISION
If we have blue light, green light, and red light of the particular varieties called "primaries" for color television, these three
may be blended in various proportions to appear to our eyes as
any color of the rainbow, or as any color not found in the rainbow, or even as white light. The fact that three primary colors
may be blended to give the sensations of any and all colors makes
color television simple enough to be practical.
On the viewing screen or phosphor screen of a color picture
tube are produced only blue, green, and red lights—nothing else.
But if we allow green and red to exist together, without any blue,
we see ayellow color in spite of the fact that actually there is no
yellow light at all. The impression or sensation of any other color
may be produced by one, two, or all three of the primary colors
blended in suitable proportions.
The phosphors of a color picture tube emit no white light;
there is no white phosphor. Yet a blend of proper proportions of
blue, green, and red primary colors appears as white to our eyes.
This makes it possible for a color receiver to reproduce blackand-white or monochrome pictures when receiving a black-andwhite program. The blue, green, and red primaries are maintained in proportions required for white, while being varied in
brightness to produce all the lights and shadows needed for blackand-white pictures.
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At the studio where an original scene is televised in full color
the image is picked up by a color camera which may be of the
type illustrated in principle by Fig. 1. Inside the camera are three
light-sensitive tubes, all alike. Between each tube and the pickup
lens is a system of light filters, silvered reflecting mirrors, and
dichroic mirrors. These latter reflect some colors while passing
others. Into one light-sensitive tube passes only blue light that
comes from parts of the scene which are blue or bluish. Into the
second tube passes only light that is green or greenish, and into
the third tube passes only red or reddish light from the televised
scene.
In each camera tube is an electron beam deflected horizontally
and vertically to scan its image of one primary color. Output
voltage from each tube is proportional to intensity of colored
light from the small area of the image traversed or scanned by
the electron beam at each instant. Output voltage from the blue
camera tube varies wth changes of blue light from point to point
on the blue image. Similarly, outputs from the green and red
tubes vary with changes of green and red light intensities from
point to point on the green and red images.
At the outputs of the camera tubes we have a blue signal voltage, a green signal voltage, and a red signal voltage. When these
three signal voltages eventually are applied at the picture tube
in a color receiver, the original scene with all its coloring will
reappear on the viewing screen of the picture tube.
On the viewing screen of the color picture tube are three kinds
of phosphors. When struck by an electron beam, one kind of
phosphor emits blue light, another kind emits green light, and
the third kind emits red light. In the type of picture tube commonly used the three kinds of phosphors are arranged in the
form of tiny dots as shown by Fig. 2. The number of phosphor
dots in this figure would appear on an area of viewing screen
about one-eighth inch square. The entire viewing screen is similarly covered with dots—hundreds of thousands of them.
Note that each dot of any one color is surrounded by dots of
the other two primary colors. If you examine any portion of the
viewing screen it becomes apparent that every blue dot has immediately below it a red dot at the left and a green dot at the
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right, as shown in the small sketch. Such groupings occur all over
the viewing screen. Each such group of three color dots is called
a trio or a triad.

lc

1
/8

Inch

2.—How phosphor dots are arranged on the viewing semie
three-gun color picture tube.

«

The phosphor dots are so extremely small that they cannot be
distinguished separately without a magnifying glass. This small
size causes the three colors to blend together in our eyes. Blending is assisted because the impression of a colored light persists
in our eyes after the light goes out. What we see, or think we see
in the way of color, depends entirely on which phosphor dots are
excited by an electron beam, and on how intensely they are
excited.
In the neck of the color picture tube are three electron guns,
as in Fig. 3. Three sharply focused electron beams from the three
guns converge or come together at a small opening in an opaque
shadow mask, pass through the opening, then diverge or separate
to strike the three different phosphor dots of a group. The beam
from the blue gun strikes only the phosphor dots that emit blue
light, while the green beam strikes only agreen dot, and the red
beam only a red dot.
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Fg.3.—Three

electron beams from three guns pass through a shadow mask
opening and strike the three phosphor dots of a group.

The shadow mask has one small opening for each group of
phosphor dots on the viewing screen. Were there 900,000 dots on
the viewing screen there would be 300,000 groups, and in the
shadow mask would be 300,000 openings.
Since the beam from the blue gun strikes only blue phosphor
dots, varying the intensity of this electron beam will completely
control the appearance of blue in reproduced pictures. Similarly,
the green gun has complete control of green in pictures, and the
red gun controls red.
Each of the three guns in the color picture tube is like the
single gun of an electrostatically focused picture tube for blackand-white pictures. In each gun there is acathode, a control grid,
an accelerating grid called the screen grid, a focusing electrode,
and an anode section which often is called the second anode or
ultor in black-and-white tubes. Fig. 4 is asymbol for a three-gun
color picture tube.
The three high-voltage anodes are constructed as a single unit
and operate at the same high voltage. All three focusing electrodes are tied together internally and operate at the same volt,
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age, which is much lower than anode voltage and suitable for
electrostatic focusing. The remaining elements, which are the
screen grids, the control grids, and the cathodes, are separate in
each gun. They have individual base pins and their voltages may
be separately controlled or varied.
Intensity of the electron beam from any of the three guns may
be changed by varying the voltages of control grid and screen
grid with respect to the cathode, just as in any other kind of
picture tube. The control grid is negatively biased with respect
to the cathode, while the screen grid always is positive with respect to the cathode.
One of three color-signal voltages is applied between control
grid and cathode of each electron gun. Any signal voltage which
becomes more negative at a control grid, or more positive at the
cathode, will reduce intensity of the electron beam from that gun.
Any signal voltage which becomes less negative at the control
grid or less positive at the cathode will increase intensity of the
electron beam. These actions are no different than in the single
electron gun of a black-and-white picture tube.
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The three electron beams are simultaneously deflected horizontally and vertically so that all three pass through the same
opening in the shadow mask wherever the beams may be directed,
and so that each beam strikes phosphor dots of proper color.
As the beam from the blue gun sweeps across the phosphors,
its intensity is varied by the blue color signal voltage so that blue
phosphor dots emit just the right amount of blue light for each
large or small area of the reproduced picture. In similar fashion
the green beam excites the green dots and the red beam excites
the red dots to put necessary amounts of green and red into every
large or small picture area.
Voltage on the screen grid of each gun is not varied by color
signals, but is adjusted during servicing to such a fixed value as
causes the beam from that gun to have average intensity matching average intensities of the other two beams. Adjustments of
screen grid voltages serve to balance the average intensities of
the three beams for correct rendition of color and also of black
and white in reproduced pictures.
Color Television Signals.—The complete composite signal in
the channel used by a station transmitting a color television program consists of the following parts.
1. Luminance signal. This signal carries all the variations of
brightness for pictures, but really carries no color information.
The luminance signal, all by itself, is capable of causing blackand-white pictures to appear on a color picture tube. It will also
cause. black-and-white pictures on the picture tube of a receiver
designed only for black-and-white or monochrome reception, in
spite of the fact that the luminance signal originates at a color
camera. The luminance signal often is called the brightness signal. Another name is Y-signal.
2. Chrominance signal. This signal carries all the information
necessary for adding color to pictures whose brightness is varied
by the luminance signal. The chrominance signal sometimes is
called the chroma signal. It varies the relative intensities of light
emitted by the three-color phosphors so that this light blends to
form color sensations rather than only the sensation of black,
white, and gray.
3. Sync pulses. These pulses keep the deflection of the three
electron beams in a color picture tube correctly in time with
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pictures. The pulses cause horizontal and vertical traces and retraces at correct instants. There are horizontal sync pulses, serrated vertical sync pulses, and equalizing pulses, exactly like
those in a black-and-white or monochrome composite television
signal. These sync pulses will control deflection of the single
electron beam in a black-and-white picture tube just as they
control the three beams in a color picture tube.
4. Color sync pulses. These maintain excitations of phosphors,
or intensities of electron beams in the color picture tube, properly
timed with instants at which beams in the color camera traverse
various areas of images in the camera tubes. The color sync
pulses are called bursts. They form the burst signal component
of the composite color signal.
There is also a frequency-modulated sound signal like that
used with black-and-white transmission. This signal is transmitted in the same channel, but otherwise is entirely separate
from the picture and sync signals, which consist of amplitude
modulation.
From the foregoing explanation of color television signals, and
how they act in black-and-white receivers as well as in color receivers, it is apparent that many sections and circuits are alike
or nearly so in both kinds of receivers. Before examining the
parts of a color receiver which act only on the chrominance and
color sync portions of the composite signal, and those parts required only for a three-gun color picture tube, it may be well to
discuss the many sections which are practically the same in color
receivers as in black-and-white types.
Sections Similar for Color and Black-and-white.—Fig. 5 shows
the principal parts of a fairly typical color receiver. Sections
represented by unshaded blocks are similar to equivalent sections
in a black-and-white receiver. Shaded blocks represent sections
concerned with reproduction of color pictures. Following notes
are explanatory of sections which are similar in the two kinds of
receivers, and will allow omitting later references to these parts.
Antenna. A good broad-band antenna satisfactory for monochrome is also satisfactory for color. A narrow-band high gain
antenna may cause trouble. The transmission line should be well
matched to impedances of both the antenna and the receiver.
Tuner. The same general types of tuners used for black-and-
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white are used for color reception. Alignment must be such as
allows nearly uniform gain throughout any given channel, without excessive tilt toward either side of the response. If a booster
is used it must not cut the channel response on the side toward
the sound carrier.
I-f Amplifier. Intermediate-frequency amplifier sections are of
the same general design for color and for black-and-white. For
color, however, the frequency response should have nearly uniform gain to at least 3.9 mc below the video intermediate fre-
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quency, and preferably to 4.0 or 4.1 mc. Otherwise the color signals may be greatly attenuated or may disappear. Usually there
are more traps in the i
-f amplifier section of acolor receiver than
in one for a black-and-white set. Alignment of couplings and
traps is critical, it must be correctly performed to obtain the frequency response described.
Agc Systems. Automatic gain controls for the i
-f amplifier and
tuner are alike for color and for black-and-white.
Detectors. Following the i
-f amplifier of Fig. 5 is a video deSound Detector4.S-Mc
n
Sound Amp
r
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I-F Amp

It
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Eit

It

.."1".

--=
Video Detector

Video Amp

Fig. 6.—Separate detectors for video and sound in a color receiver.

tector, also aseparate detector for sound. Fig. 6 is a circuit diagram. In some receivers the sound detector may supply also the
chrominance amplifier instead of taking the input for this amplifier from a video amplifier. There are other combinations of detectors. Detectors in many color receivers are of the crystal
diode type.
Sound Section. The sound section of a color receiver is no different than in ablack-and-white set. The interca.rrier sound system is almost universally used in color receivers.
Video Amplifier. Video amplifiers for color are similar to those
for black-and-white. Usually there will be a 4.5-mc trap to pre-
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vent interference between this intercarrier beat frequency and
the color-signal carrier frequency of 3.58 mc. Interference would
cause beat lines on pictures.
Sync Section. Sync sections suitable for black-and-white are
satisfactory also for color receivers, and are of similar designs.
Horizontal Af cSystem. The same types of automatic frequency
control for horizontal sweep oscillators are used for color and for
black-and-white.
Sweep Oscillators. Horizontal and vertical sweep oscillators
are of the same general types in both kinds of receivers.
200V

+

400V

Bias

T_!
Tie 7.—A lew-veltage 11-pevrer supply such as used n colon receivers.

Deflection Systems. A single deflecting yoke containing pairs
of horizontal and vertical coils is on the neck of the color picture
tube near the flare. The deflecting coils take more power than for
a single-gun black-and-white picture tube, since three electron
beams must be simultaneously deflected against higher anode
voltages than employed for most black-and-white receivers.
Damper tubes and circuits are generally like those in black-andwhite receivers. Vertical retrace blanking circuits are similar in
both kinds of receivers.
Ion Trap. Color picture tubes have aluminized or metal-backed
viewing screens whose phosphors are protected from effects of
ion bombardment by the metal coating. Therefore, ion traps are
not needed and are not used in color sets.
Low-voltage D-c Power Supply. Low-voltage power supplies or
B-voltage supplies are generally similar to those in some black-
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and-white television receivers and in large radio sound receivers.
It is common practice to employ selenium rectifiers, with voltage
doubler circuits and step-up transformers feeding one or more
rectifiers. Circuits for such a power supply are shown by Fig. 7.
Service and Operating Controls.—Since tuners are of the same
types for color and for black-and-white, fine tuning controls are
similar. Fine tuning for color requires more careful adjustment
than for black-and-white if correct coloring is to appear in pictures.
Contrast controls for color receivers commonly are adjustable
cathode biases or sometimes adjustable plate voltages on video
amplifiers or luminance amplifiers of Fig. 5. The luminance amplifier is essentially another video amplifier. It is necessary that
signals going to the picture tube by way of the luminance amplifier and those going by way of the chrominance amplifier be
equally and simultaneously strengthened or weakened by the
contrast control.
A single contrast control on a video amplifier whose output
goes to both the luimnance and the chrominance sections will
affect both sections equally. However, were contrast to be adjusted by one control on a luminance amplifier and by a separate
control on a chrominance amplifier, the two controls would be
ganged to operate together from a single panel knob.
Brightness controls must affect all three electron beams equally
in a three-gun picture tube. When the three cathodes are tied
together, as in Fig. 5, the brightness control may be a single adjustable resistor applying a variable positive voltage to the
cathodes.
The same general types of horizontal and vertical hold control
circuits found in black-and-white sets are used in color receivers.
This is true also of horizontal drive controls, and of size controls
for picture width and height.
Controls for horizontal and vertical centering are of types
which send an adjustable direct current through the coils of the
deflecting yoke. This current adds itself to the sawtooth deflecting currents, in one polarity or the other, to shift average deflection of the center of deflection to one side or vertically as required.
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Horizontal and vertical linearity controls in color receivers are
of the same types as may be found in black-and-white receivers.
Vertical linearity commonly is adjusted by variable cathode bias
on the vertical sweep amplifier. The horizontal linearity control
often is an adjustable inductor connected across part of the turns
of the horizontal output transformer.
Producing Black, White, and Colors.—Now we may return to
the three-gun picture tube and to how it produces any and all
colors as well as the appearance of black-and-white.
Production of black areas or black lines is simple. None of the
phosphors are excited, by reducing the intensities of all three
electron beams to zero while they pass points which are to appear
black on the viewing screen.
White requires that all three kinds of phosphors be excited to
certain relative light emissions. One method of obtaining such
relative emissions during service adjustments is as follows:
The receiver is tuned to a black-and-white or monochrome signal, with which only the equivalent of a brightness or luminance
signal is received and applied to picture tube cathodes. Then
positive voltages on the screen grids of the three guns are adjusted, and negative biases on the grids of color amplifiers are
adjusted, until all coloring disappears and only white remains.
Obviously, we then have the proportions of blue, green, and red
lights which blend together in our eyes to cause the sensation of
white light.
If intensities of all three electron beams are reduced, while
maintaining the same relative intensities, the white will change
to light gray. Further reduction without altering proportions of
the three primary colors will produce darker grays. Finally, with
intensities of all three beams at zero, we have black on the
viewing screen.
The luminance signal, which produces white, gray, or black at
the receiver picture tube, is originally formed at the transmitter
by taking certain percentages or fractions of the total outputs
from the three camera tubes. When the camera is viewing white
or gray these fractions of the color signal outputs will cause the
appearance of white or gray at the picture tube in the receiver—
provided picture tube screen grid voltages and control grid
biases are correctly adjusted.
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When colors are to appear on the picture tube it is necessary
that relative light emissions of the three kinds of phosphors be
altered. Since the luminance or brightness signal will continue to
act on the cathodes, alterations for color must result from
changes of voltages at control grids in the three electron guns.
Control grid voltages are color-signal voltages which come
through the chrominance section and associated sections. Each
color signal voltage which arrives at its respective electron gun
may be either negative or positive, in varying strengths, and will
make the control grid either more or less negative than required
for production of white or gray.
Grid Voltages and Color Characteristics.—Supposing we wish
to produce avariety of red shades on the viewing screen; such as
rose, pink, carmine, vermillion, and also pure red, which might
be described as ruby red. Before applying any color signals to
control grids we have on the cathodes a luminance signal whose
relative effects on the three cathodes may be shown as at the top
of Fig. 8.
Voltages represented in Fig. 8 are the fractions of camera
output voltages which combine to form the luminance or brightness signal. The cathode voltages are shown as negative because
the luminance signal will have been inverted in the luminance
amplifier section of the receiver.
4—coyne school 4677 MI
A negative voltage at a cathode has the same effect on beam
current or intensity as has an equal positive voltage at the control grid in the same gun. This is the effect with which we are
familiar in ordinary triodes or pentodes. Making a cathode more
positive has the same effect on plate current as making the control
grid more negative. Making a cathode less positive has the same
effect as making the grid less negative. Accordingly, the effects
of negative luminance voltages at the cathodes in the color picture tube are equivalent to equal positive voltages at the control
grids, as shown at the bottom of Fig. 8.
To produce a primary red color on the viewing screen of the
picture tube it is necessary to reduce blue and green emissions to
zero, and to increase red emission to maximum, denoted as 100%
or as 1.00. Applying to the three control grids the color signal
voltages represented by solid lines at the top of Fig. 9will do this.
At the top of Fig. 9the luminance voltages from the bottom of

360-

•APPLIED PRACTICAL RADIO-TELEVISION

Fig. 8 are shown by broken lines. For blue there is now a combination of —0.11 and +0.11, which cancel to leave zero beam
current from the blue gun, and no excitation of blue phosphor
dots. For green we have cancellation of —0.49 and +0.49, leaving
no green electron beam and no excitation of green phosphor dots.
But for red we have +0.30 and +0.70, which add together for
full intensity of the red beam, and full excitation of red phosphor
dots. The overall result is illustrated at the bottom of Fig. 9.
At the top crf Fig. 10 the negative green signal on the green
grid is not sufficiently negative to cancel all of the positive effect
of the luminance signal. Consequently, as shown below, we have
a little green mixed with the red; the green phosphor dots are
slightly excited. The apparent color changes to what might be
called cherry red.
In Fig. 11 the red and green remain as in Fig. 10. But the
negative color signal on the blue grid does not cancel all of the
effect of cathode voltage in this gun. Then, as shown below, we
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a little blue to red produces the color called carmine.

have a large amount of red mixed with a little green and a little
blue. The apparent color would be called rose, which is a variety
of red.
In Fig. 12 the red and blue remain as in Fig. 11. But now the
negative color signal on the green grid has been strengthened to
cancel all the green effect from the green cathode. The apparent
color would be carmine, which is a slight variation from our
fundamental red.
In Figs. 8 to 12 the fundamental or predominant color always
is red. In all these variations the hue is red. Hue refers to the
predominant color. Were the principal or strongest color to be
blue, the hue would be blue. With mostly green the hue would be
green. With approximately equal parts of red and green the hue
would be yellow, or with green and blue the hue would be cyan,
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or with blue and red it would be magenta. On all color receivers
there is an adjustable control for obtaining proper hues in reproduced pictures.
Now look back at Fig. 10, where adding a little green to the
predominant red produced cherry red coloring. Control grid voltages or color signal voltages for cherry red are shown again at /
in Fig. 13. At 2all three grid voltages have been reduced at about
70% of their former value, but relative proportions of these grid
voltages are not altered.
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fig. 13.—Reducing all the grid voltages, which lessens the saturation,
changes cherry red to vermillion.

At 3 in Fig. 13 are shown the effects at the grids of luminance
or brightness signal voltage on the cathodes. These are the same
as cathode voltages in Fig. 10. At 4 of Fig. 13 are the combined
effects of voltages on grids and cathodes. Apparent color has
changed from cherry red to vermillion.
Let's see what has happened in Fig. 13. Effective luminance
signal voltages have not been changed. The luminance signal, by
itself, produces white. Therefore the amount of white has not
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been changed. But all the color voltages, at the grids, have been
reduced together. This means that we have less color mixed with
the white.
Mixing of colors into white that corresponds to the luminance
signal is described as saturation. If only a little color is mixed
into white the saturation is said to be low. Should there be something like half color and half white the saturation is medium.
When there is all color and no white, as at the bottom of Fig. 9,
saturation is very high or is maximum.
The difference between cherry red of Fig. 10 and vermillion
of Fig. 13 is a matter of saturation. There is less saturation in
Fig. 13, which means simply that there is less color and that
more white remains, so far as proportions are concerned. On
every color receiver is an adjustable control for saturation. This
is one of the operating controls on a color receiver for which
there is no counterpart on a black-and-white receiver. The other
control found only on color receivers is the hue control. The
saturation control may be called the chroma control.
Were we to reduce all three color-signal voltages in Fig. 11,
leaving proportionately more white and less saturation, the apparent color would change from rose to pink. Less saturation or
less color in Fig. 12 would change the apparent color from carmine to cerise.
Changing the saturation does not alter the predominant color
or hue, it changes only the amount of that hue which is mixed
with white. Also, a change of hue need not alter the saturation,
we may have equal degrees of saturation with any hue.
As the three electron beams traverse the phosphor dots the
beams must continually vary in intensity to produce changes of
shading and of coloring in various areas of apicture. To produce
effects of lights and shadows, beam intensities are changed by
variations of luminance signal voltage. These variations affect all
three beams alike, because the luminance signal is applied simultaneously to all three cathodes.
Changes of color between picture areas result from separately
varying the individual intensities of the three electron beams.
Variations of separate intensities result from changes of color
signal voltages acting on the three control grids. During reproduction of multi-colored pictures the grid voltages continually
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vary in strength and in polarity, as you will realize from examining Figs. 9 through 13.
Interleaving.—At the grid-cathode circuits of the color picture
tube we need four signal voltages, one for brightness or luminance, and one each for blue, green, and red colors. Were four
separate signals to have the form of four modulated carriers in
space and in the i
-f amplifier section of the receiver, each signal
would require its own range of video frequencies.
To handle everything from sync pulses to finest detail in pictures, the luminance signal alone would require a range from
about 50 cycles to four megacycles per second. Color signals
would require additional frequency ranges. Although each color
might be handled in range of somewhat less than one megacycle,
even so, all four signals wouldn't fit into the standard television
channel, which can accommodate atotal of only about four megacycles of video frequencies.
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Fig. 14.—Luminance and chrominance signals formed at the transmitter ore
separated into their brightness and color components at the receiver.
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The seemingly insurmountable problem is solved as shown, in
part, by the simplified block diagram of Fig. 14. Color signal
voltages from the camera at the transmitter are applied to one
matrix section from which issues the luminance or brightness
signal. A matrix is essentially acombination of resistors in which
definite fractions of voltages are combined.
The blue, green, and red camera voltages are fed also to two
other matrixes which form two color signals. These combination
color signals go to two modulators where they become modulation
on two 3.58-mc voltages. The 3.58-mc voltage to one modulator
is 90° out of phase with that to the other modulator. Now we
have two modulated color signals differing in phase by 90 electrical degrees.
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Two voltages that are out of phase will combine to form a
single voltage whose amplitude and phase vary with changes of
amplitude and phase in the two original voltages. This single
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voltage which varies in amplitude and phase is the chrominance
signal. Later it will be changed back into the original components.
The single chrominance signal and the luminance signal may
be transmitted and received within the same range of video frequencies, because their modulations on a carrier combine in a
way called interleaving, illustrated by Fig. 15. Although video
frequencies for the luminance signal extend all through the band
up to four megacycles, these frequencies are not continuous. It is
found that signal amplitudes are maximum only at harmonics of
the horizontal line frequency, and practically disappear for about
half the intervening ranges. Maximum amplitudes of the chrominance signal are at harmonics of the 3.58-me color subcarrier,
and disappear between these harmonics.
Line-frequency and subcarrier harmonies alternate, with each
kind just half way between those of the other kind. This is
brought about by suitable choice of frequencies. Horizontal line
frequency for color television is 15734.26 cycles per second instead of 15750 cycles as for black-and-white signals. Color subcarrier frequency is 3,579,545 cycles, or 3.579545 megacycles per
second. This usually is specified as the approximate value of
3.58 me.
Chrominance Signal.—The chrominance signal may be formed
at the transmitter as follows. Part of the luminance or Y-signal
is inverted in polarity to make it negative. Then, using the letters
B, G, and R for blue, green, and red color voltages, we have,
—0.11 B
—0.59 G
—0.30 R
Assume that a red picture area is being scanned, causing an
output of +1.00 R or maximum red. The —Y signal is added to
this red signal thus,
Red
R-Y
+1.00 R
—0.11 B
—0.59 G
—0.30 R
—0.11 B
—0.59 G
+0.70 R
The resulting R-Y signal is a color-difference signal called
red-minus-Y, which means red-minus-luminance, or minus brightness.
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A blue-minus-Y signal is formed by adding the —Y signal to
blue, like this
Blue =_-Y =
B-Y
+1.00 B
—0.11 B
—0.59 G
—0.30 R
+0.89 B
—0.59 G
—0.30 R
It would be possible to form a green-minus-Y or G-Y signal,
but such a signal is not needed. It is not needed because green
may be recovered later on from the R-Y and B-Y signals, since
both contain green as a component. Amplitudes of the R-Y and
B-Y signals will be varied by changes of color voltages from
the camera system.
The 3.58-mc voltage mentioned earlier originates in a master
oscillator at the transmitter. This voltage goes to one modulator
where it is modulated by the R-Y signal. In another lead from
the master oscillator the 3.58-me voltage is delayed 90° in phase,
then fed to the other modulator where it is amplitude modulated
by the B-Y signal.
Amplitude of the 3.58-me voltage which is modulated by the
R-Y signal might be as at .1 of Fig. 16, while amplitude of the
3.58-me voltage modulated by the B-Y signal might be only half
as great, as represented at 2. Note that voltage at 2 lags 90°
behind that at 1.
The two 3.58-mc voltages combine to form the chrominance
signal at 3. Frequency of this chrominance signal is 3.58 mc, but
its amplitude and phase differ from amplitude and phase of
either of the original 3.58-mc voltages. Amplitude of the chrominance signal voltage depends on amplitudes of the two component 3.58-me voltages, and these amplitudes, in turn, depend on
strengths of the R-Y and B-Y color-difference voltages. Strengths
of the color-difference voltages depend on saturations of colors
being televised. Therefore, amplitude of the chrominance signal
depends on, and varies with, saturations in televised scenes.
Phase of the chrominance signal is in between phases of its
component voltages. Chrominance phase in Fig. 16 lags about
27° behind that of the voltage at 1, and leads the voltage at 2
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rig. 16.—A chrominance signal is formed by combining the two 3.58-mc
voltages which are modulated by the color-difference signals.
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by about 63°. Chrominance phase is relatively close to that of
the 3.58-mc voltage modulated by R-Y, in which there is a great
deal of red, and is farther from phase of the voltage modulated
by B-Y, in which there is a great deal of blue. Accordingly, this
particular phase of the chrominance signal means red tinged
with afair amount of blue, or it indicates a kind of purple coloring at the point being televised in a scene.
Phase of the chrominance signal always represents hue, or
predominant color. Changes of hue will shift the phase of the
chrominance signal. Changes of saturation will change the amplitude of the chrominance signal.
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Phase of master oscillator voltage, which is the reference
phase for all chrominance signals, is considered as of zero phase
angle. As indicated in Fig. 16, this zero reference phase coincides
with maximum negative amplitude of the 3.58-me voltage modulated by B-Y.
Fig. 17 shows chrominance signal phase angles with respect
to the reference phase for all three primary colors and for their
complementary colors. A complementary color is one which,
combined in suitable proportions with another color, causes the
sensation of white light. Complementary colors sometimes are
called secondary colors, to distinguish them from the primaries.
The complementary of blue is yellow, of green it is a purplish
color called magenta, and of red it is a bluish-green called cyan.
Demodulation.—At the receiver we have the chrominance signal whose frequency is 3.58 mc, whose phase represents hue, and
whose amplitude represents saturation. From this signal we
shall recover the R-Y and B-Y color-difference voltages, then
combine or matrix fractions of these voltages to obtain the G-Y
voltage. The final step will be to combine the —Y voltage with
each of the three color-difference voltages to leave B, G, and R
(blue, green, and red) color voltages acting between grids and
cathodes of electron guns in the color picture tube.
R-Y and B-Y voltages are recovered by using two demodulators, each of which may consist of atwin-diode, of asingle triode,
or of a single pentode tube. Typical demodulator circuits are
shown for twin diodes in Fig. 18, for triodes in Fig. 19, and for
pentodes in Fig. 20. No matter what kind of tubes are used, the
chrominance signal is applied to both demodulators. To one demodulator is applied also a 3.58-mc voltage which is in phase
with the reference, and to the other demodulator is applied a
3.58-mc voltage lagging by 90°.
By processes essentially the reverse of those employed for
modulation, the demodulators produce output voltages whose
polarities change with shifts of phase in the applied chrominance
signal. That is, demodulator output polarity varies with changes
of hue. Amplitude of demodulator output voltage is proportional
to amplitude of the chrominance signal, since the 3.58-mc voltages to the demodulators remain of constant amplitudes.
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One demodulator recovers the R-Y color-difference voltage,
while the other recovers the B-Y voltage. The R-Y voltage is
applied to the control grid of the red gun in the color picture
tube, while the B-Y voltage goes to the control grid of the blue
gun. Since the luminance or Y-signal is applied to cathodes of all
three guns there is effectively a red color voltage at the red gun
and a blue color voltage at the blue gun.
This method of producing color voltage is illustrated, for red,
by Fig. 9. Consider that the R-Y voltage is as shown by solid
lines. The —Y voltage, effectively inverted to +Y at the grids, is
as shown by broken lines. R-Y and —Y combine to leave only red.
You will find that combining B-Y values with —Y values, again
inverted to +Y at grids, leaves only blue.
In some color receivers the R-Y and B-Y signals combine at
the cathodes of the demodulators to produce G-Y for picture tube
control grids. Otherwise the G-Y signal may be secured by
matrixing the outputs of the R-Y and B-Y demodulators in the
following manner.
First consider the R-Y and B-Y voltages, which have been
shown earlier as consisting of these component color voltages.
R-Y _,_ —0.11 B
—0.59 G
+0.70 R
B-Y =-_ +0.89 B
—0.59 G
—0.30 R
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Fig. 20.—Two pentodes may be used as color demodulators.
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Now we may take 51% or 0.51 times the R-Y voltage and 19%
or 0.19 times the B-Y voltage, invert their polarities, and combine them. In the combination keep in mind that two positive
voltages add for positive, two negatives add for negative, and
that positive and negative subtract to leave the greater voltage.
Approximate fractional inverted voltages and the results of their
combinations are as follows:
—0.51 x R-Y = +0.057 B
—0.19 x B-Y = —0.167 B

+0.298 G
+0.112 G

—0.357 R
+0.057 R

G-Y
—0.11 B
+0.41 G
—0.30 R
When this G-Y color-difference voltage is applied to the green
grid of the picture tube it combines with the —Y signal, effectively +Y at the grid, as follows.
G-Y = —0.11 B
+Y
+0.11 B
0 B
Here we have a full
and no red.

+0.41 G
—0.30 R
+0.59 G
+0.30 R
+1.00 G
0 R
strength green color signal, with no blue

Color Amplifiers.—In some receivers there are amplifier tubes
between the demodulator outputs and the electron gun connections of the picture tube. There may be one amplifier for the
R-Y signal, a second for the G-Y signal, and a third for the B-Y
signal. In other designs the three color signal voltages, blue,
green, and red, are formed in a system of matrix resistors, then
put through three amplifiers before going to the picture tube.
As a general rule there will be gain controls for the blue and
green amplifiers or for B-Y and G-Y amplifiers, but none for the
red or the R-Y amplifier. These adjustments, which may be called
background controls, are used during servicing to allow such
relative outputs from the amplifiers as to correctly balance the
colors for reproduction of white or gray.
Since color amplifiers handle frequencies in the higher video
range there may be peakers, partially bypassed cathode resistors,
and other circuit features for maintaining good gain at high
video frequencies. There may also be d-c restoration circuits between color amplifier outputs and picture tube inputs.
Chrominance Amplifier.—Now we may go to the output of a
video or sound detector and follow the path of the chrominance
signal from there to the demodulators. This path includes the
chrominance amplifier section of the receiver, of which an ex-

1

374

APPLIED PRACTICAL RADIO-TELEVISION
Saturation
Control

From Defector

Ir'

It'
- To
Demodulators

To Bias Control
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ample is shown by Fig. 21. Input to the chrominance amplifier
is the composite color signal, which appears first at the output of
a detector which demodulates the i
-f signals. Although the composite signal commonly is taken from a detector output, it may
be taken otherwise from a video amplifier plate circuit or from a
contrast control on a video amplifier.
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Fig. 22.—Frequency response of a video or luminance amplifier (broken-lioe)
and of a chrominance amplifier (full-line).

The most notable feature of the chrominance amplifier is that
its couplings are designed to pass only the limited range of video
frequencies which include the chrominance signal. This frequency
range is shown by the full-line curve of Fig. 22, where the range
for the luminance signal is shown by the broken-line curve. The
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chrominance amplifier may be called a bandpass amplifier because it passes only alimited band of frequencies.
As ageneral rule there will be at least one 4.5-mc trap in the
chrominance amplifier section. This is especially true when
chrominance input is from the same detector that handles sound
signals. Some chrominance amplifiers have automatic gain control.
Color Oscillator Section.—Each demodulator must be supplied
with a 3.58-mc voltage, in addition to the chrominance signal.
One of these 3.58-mc voltages must be shifted 90° with respect
to the other, and phase of both voltages must be held in precise
relation to phase of master oscillator voltage sent from the
transmitter.
As you may see in Fig. 5, the 3.58-mc voltages for the demodulators come from acolor oscillator in the receiver. There is a lead
from this oscillator directly to one demodulator, and another lead
goes through a 90° phase shift circuit to the other demodulator.
Color oscillator frequency and phase are maintained in correct
relation to frequency and phase of the master oscillator of the
transmitter by means of an automatic phase control marked
APC. This control operates quite similarly to an automatic frequency control used on horizontal sweep oscillators in black-andwhite receivers.
In a black-and-white receiver the afc system for a horizontal
oscillator is fed one voltage from the oscillator output and another voltage derived from horizontal sync pulses which are to
control oscillator frequency. The afc system produces a correction voltage which is applied to the sweep oscillator for slowing
it down when its frequency tends to go too high, and for speeding
the rate of oscillator when frequency tends to drop.
The automatic phase control of the color receiver is fed with
one voltage from the color oscillator output and with another
from the burst amplifier. The burst amplifier delivers a 3.58-mc
voltage whose phase is tied to that of the master oscillator at the
transmitter by a burst signal transmitted along with all the
other signals.
This burst signal combines with the feedback from the color
oscillator in the automatic phase control circuits to produce a
correction voltage that is applied to the color oscillator to keep
its phase in correct relation to phase of master oscillator voltage.
Were this not done, hues in reproduced pictures would be different than in televised images.
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At first thought it might seem impossible to find any place in
the composite color signal for th a 3.58-mc burst voltage, but
there is a place on the back porch of the pedestal formed during
horizontal blanking. The burst consists of not less than eight
cycles occupying the position shown in Fig. 23.
There is a burst on the back porch following every horizontal
sync pulse. No bursts follow equalizing pulses or serrated vertical
sync pulses. Bursts are transmitted only with color signals. There
are no bursts when a color transmitter is sending monochrome
signals, and, of course, no bursts are sent from a black-and-white
transmitter at any time.
Transmitted and received 3.58-mc voltages are called bursts
because they occur only intermittently, only at horizontal line
intervals. The bursts do not affect horizontal synchronization,
because horizontal retrace begins before each burst occurs. Bursts
do not affect pictures, because the bursts occur during horizontal
blanking.
Gating the Bursts.—Burst signals come to the chrominance
amplifier along with all other parts of the composite color signal.
Because burst frequency of 3.58 mc is within the pass band of
the chrominance amplifier the bursts are amplified. Then they
are applied to the burst amplifier.
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Since it is desirable that no portions of the composite signal
other than bursts go through to the automatic phase control, the
burst amplifier is gated to pass only the bursts. By gating we
mean that the burst amplifier is held non-conductive except during instants in which bursts occur, and is allowed to become
conductive only during bursts.
Two methods of gating are shown by Fig. 24. At A the cathode
normally is held sufficiently positive for plate current cutoff; a
positive cathode being equivalent to a negative grid so far as
effect on plate current is concerned. The tube is made conductive
only when strong negative voltage pulses are applied to the
cathode. These negative pulses are derived from horizontal sweep
circuits, usually from an auxiliary winding on the horizontal
outpput transformer. Since burst pulses are transmitted and
occur during flyback periods, only the bursts pass through the
amplifier to the automatic phase control system.
At B of Fig. 24 the only voltage applied to the screen grid of a
pentode amplifier is in the form of positive pulses obtained from
the horizontal sweep section of the receiver. Except during these
pulses the screen grid voltage is zero, and the tube is non-conductive. Conduction occurs only while the screen grid is made
positive by the pulses, and only the burst signals are passed.
Voltage pulses for gating the burst amplifier are brought from
the horizontal sweep circuits through some combination of capacitors and resistors which delay the pulses about four or five
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microseconds in relation to beginning of the flyback. This is
necessary in order that the gating pulses shall occur at instants
of bursts, not during horizontal sync pulses.
The same pulses that make the burst amplifier conductive often
are applied to control grid circuits in the chrominance amplifier
to cause maximum gain or uniformly high gain in this latter
amplifier during bursts. Then bursts come through the chrominance amplifier unaffected by adjustments of saturation and
contrast controls, which otherwise could reduce the amplitude of
burst voltages along with that of chrominance signals. This gating of the chrominance amplifier does not affect chrominance signals going to the demodulators, since there are no chrominance
signals during horizontal blanking.
Phase and Frequency Control. — Fig. 25 illustrates features
found in many color oscillator circuits and automatic phase controls. Burst signal pulses are applied to one side of a twin-diode
phase detector which operates in the same manner as phase detectors in automatic frequency controls for sweep oscillators. To
the other side of this phase detector is applied a voltage fed back
from the output of the color oscillator.
Burst Amp
Plate

Lp

Fig. 25.—A color oscillator section with automatic phase control.

COLOR TELEVISION

879

While oscillator output voltage is in phase with burst voltage
the phase detector develops no correction voltage. But when the
two voltages to the detector are out of phase a d-c correction
voltage appears at the electrical center of the resistors, and is
taken from there through a noise filter to the grid of a reactance
tube. Whether correction voltage is positive or negative depends
on whether oscillator voltage leads or lags the burst voltage.
Strength of correction voltage is proportional to the phase difference.
The grid circuit of the color oscillator consists of three parts
in parallel with one another; (1) the reactance tube, (2) a parallel resonant circuit consisting of inductor Lg and a capacitor,
and (3) a quartz crystal that is resonant at 3.58 mc.
Connected to the color oscillator plate is another parallel resonant circuit consisting of inductor Lp and a capacitor. The oscillator tube, its tuned plate circuit, and the crystal, considered by
themselves, form a common type of crystal controlled oscillator.
But in parallel with the grid circuit containing the crystal are
the reactance tube and the parallel resonant circuit at Lg.
In Fig. 25 the phase shift required for alternating grid voltage
on the reactance tube is obtained by connecting a small capacitor,
about two mmf, from plate to grid. This causes the tube to act as
a variable reactance across the parallel resonant circuit at Lg.
Resonant frequency of this circuit is varied by changes of plate
current in the reactance tube. The changes of plate current are
brought about by the d-c correction voltage coming from the
phase detector to the reactance tube grid.
The oscillating crystal holds frequency of the color oscillator
practically constant at 3.58 mc, while the reactance tube circuit
corrects any slight deviations of oscillator phase from phase of
burst signal voltage applied to the phase detector.
Demodulator Phase Shift.—The color oscillator system must
furnish to the demodulators two 3.58-mc voltages, one lagging
the other by 90°. There are two fairly common methods for obtaining such aphase shift. One employs a series resonant circuit
consisting of an inductor and acapacitor. The other uses atransformer whose primary and secondary are tuned to the same
frequency, which here will be 3.58 mc.
Phase shift principles are illustrated by Fig. 26. In diagram /
the lead to one demodulator carries 3.58-mc voltage which is in
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phase with color oscillator output voltage. Connected to the output are an inductor L and capacitor C tuned to be series resonant
at 3.58 me. Oscillator voltage is applied across this combination.
At resonance in a series resonant circuit, voltage across the capacitor lags the applied voltage by 90°. This lagging voltage is
taken to the second demodulator.
Voltage across the inductor of a low-resistance series resonant
circuit, at resonance, leads the applied voltage by close to 90°.
Such aleading voltage may be applied to one of the demodulators,
as at 2, by reversing the order of capacitor and inductor between
the high side of the series resonant circuit and ground.
When atransformer connected as in diagram 3has its primary
and secondary tuned to the same frequency, which here would be
3.58 mc, the secondary voltage is 90° out of phase with primary
voltage. One demodulator is fed from the primary and the other
from the secondary. Whether secondary voltage leads or lags
primary voltage depends on relative directions of the two windings, and at which end of the secondary the phase relations are
considered. Either leading or lagging voltage may be taken from
the secondary.
Hue Control.—It is evident from the color phase chart of Fig.
17 that slight changes in phase of the chrominance signal with
respect to the reference phase will cause colors or hues in reproduced pictures to become markedly different from those in the
televised scene. Due to various causes there may be changes of
chrominance phase almost anywhere between detectors or video
amplifiers and the color demodulators. Such changes must be
compensated for by varying the phase of the 3.58-me voltages
delivered from the color oscillator system to the demodulators.
Thus it comes about that, after taking elaborate precautions to
keep the color oscillator voltage correctly phased with respect to
burst signals, we add acontrol which allows varying the phase of
3.58-me voltages applied to the demodulators. This is the hue
control, located on a front panel where it may be adjusted by the
operator. The panel adjustment may be marked with such descriptive name as shading, or phasing.
It is possible to shift the phase of output voltage from the
color oscillator by adjustments of capacitance or inductance at
various places between the point at which burst signals are sepa-

COLOR TELEVISION

381

rated from the composite color signal and the point at which
there is the 90° phase shift that precedes the 3.58-mc inputs to
the demodulators. In Fig. 25 the adjustable capacitor C on the
input to the phase detector is a hue control.
Since the hue control varies the phase of the color oscillator, it
varies simultaneously the phases of both the 3.58-mc voltages fed
to the demodulators. Thus these two voltages always remain 90°
out of phase with each other, as required for proper recovery of
R-Y and B-Y color difference signals.
I-signal and Q-signal.—As explained earlier, changes of phase
in the chrominance signal with respect to the burst signal and
master oscillator voltages cause changes of reproduced hues. If
hues are wrong, due to undesired change of chrominance phase,
they may be corrected by varying the phase of 3.58-mc voltages
which go from the color oscillator to the demodulators.
If changes of color oscillator phase will compensate for changes
of chrominance phase, it follows that chrominance phase might
be changed to compensate for any change of color oscillator
phase. That is, were color oscillator phase to lag or lead the mas-
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26.—tanety-degree phase shifts obtained from a series resonant droll*
or from a doubly tuned transformer.
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ter oscillator phase, and were chrominance phase to have a suitable compensating lag or lead, all reproduced colors would come
out just as they did before the shifts were made.
In actual practice the chrominance signal is not formed at the
transmitter by combining R-Y and B-Y color -difference voltages.
Instead, as shown by Fig. 27, the 3.58-me output of the master
oscillator is shifted 57° before going to either modulator. Then
this 3.58-mc voltage with a 57° shift is fed to one demodulator,
and to the other demodulator is fed a 3.58-mc voltage shifted an
additional 90°.
Y
Signal

Luminance

Transmitter
Circuits

Chrominance

11 Comera II

Demodulator

1

Demodulator

90°
Shift

57 0
Shift

Burst
Master
Osc

1•••1

Fig. 27.—Chrominance signals are formed at the transmitter by combining
3.58-mc voltages which are modulated by the Q-signal and by the l-signal.

When these two 3.58-mc voltages are modulated by color signals from the camera system the modulated outputs are not called
R-Y and B-Y. At the modulator whose 3.58-me voltage is shifted
only 57° we have what is called the I-signal. At the modulator
whose 3.58-mc voltage has been shifted an additional 90° we have
the Q-signal. The letter Istands for In-phase, while the letter Q
stands for Quadrature phase.
The voltages modulated by the I-signal and the Q-signal combine to form the chrominance signal that is transmitted. The
reference phase that is sent out as the burst signal is still that
of the master oscillator; before the oscillator phase is shifted
either 57° or an additional 90°.
Relations between the reference phase of the burst voltage and
phases of I, Q, R-Y, and B-Y signals are shown by Fig. 28. This
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chart shows also the phases of chrominance signals for primary
and secondary colors. Note that there is a 33° phase difference
between +I and + (R-Y), and a similar phase difference between the other I or Q signals and the color-difference signals
R-Y and B-Y.
The chrominance signal formed by combining the Iand Q signals is received and carried through the chrominance amplifier
to the demodulators. If phase of the color oscillator in the receiver is shifted 33° before going to either demodulator, and
shifted an additional 90° before going to the second demodulator,
output of one demodulator will be R-Y color difference signals,
and of the second demodulator will be B-Y color-difference signals. The shift of 33° is required because this is the phase difference between Ior Q signals and R-Y or B-Y signals.
If color oscillator phase is not shifted 33° before going to
either demodulator, output from one demodulator will be the I
signal and from the other will be the Q signal. Some receivers
demodulate to cover Iand Q signals. Others shift the color oscilator phase 33° and recover R-Y and B-Y signals. Which signals
are recovered depends on phasing of color oscillator voltage with
respect to the reference phase of the burst signal.
The same primary and secondary color signals, as well as signals for all other colors, may be produced from either the Iand
Q signals or the R-Y and B-Y signals at demodulator outputs. For
example, red results from 62% of a + (R -Y) signal and 15% of
a —(B-Y) signal. Note that the red chrominance phase on the
chart Fig. 28 is between + (R-Y) and — (B -Y). Red may be produced also from 60% of the +I signal and 21% of the +Q
signal. Red on the color phase chart is between the +I and +Q
signal phases.
Any color signal or color voltage may be produced from appropriate fractions of R-Y and B-Y phases between which lies the
phase of a color in question. The same color may be had from
suitable fractions of Iand Q signals between which is the color
phase being considered.
The 33° phase shift which allows demodulation to recover R-Y
and B-Y signals may be performed almost anywhere between the
point at which the burst voltage is separated from the composite
color signal and the output of the color oscillator. It is necessary
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Fig. 28.—Plooso relations of the reference burst voltage and the various
color signals.

only that the 3.58-mc voltages to the two demodulators be shifted
33° with respect to phase of the burst signal.
Lublinance Amplifiers. — In diagrams of Fig. 29 are shown
several parts found in luminance amplifiers. These parts include
a delay line, peakers for high-frequency compensation, and one
or more traps. One trap will be tuned for 3.58 mc, to prevent
burst voltage or color oscillator voltage from reaching the picture tube. In addition there may be traps for accompanying
sound and for the 4.5-mc intercarrier beat frequency. Except for
the delay line and the 3.58-mc trap the luminance amplifier section is quite similar to a video amplifier section in a black-andwhite receiver.
In the complete diagram at the top of Fig. 29 the luminance
signal is taken from an i
-f amplifier through a crystal detector
which is generally similar to a crystal type video detector. In the
lower partial diagram the luminance signal is taken from the
output of a video amplifier tube.
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Fig. W.—Typical circuits for luminance amplifier 'actions.

The feature of the luminance section which is most unlike
anything found in black-and-white receivers is the delay line. It
comprises a combination of inductance and capacitance through
which signals travel more slowly than through simple circuit
elements. The delay line actually causes aphase shift which, because lagging, retards the luminance signals by a time proportional to the amount of shift.
The luminance signal must be delayed in order that luminance
and chrominance signals shall arrive at the picture tube in
proper time relation or phase relation. Chrominance signals are
delayed in the many inductances and capacitances of the chrominance amplifier and demodulators. Were the luminance signal not
delayed for an equal time, coloring in pictures would be displaced
in relation to lights, shadows, and outlines produced by the luminance signal.
Delay required in the luminance section depends on the amount
of delay in chrominance and demodulator sections, so depends on
design of these latter sections. Luminance delay may be almost
anything from ahalf-microsecond to slightly more than amicrosecond. The required delay is less in receivers designed for colordifference demodulation than in those employing Iand Q demod-.
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ulation. Delay lines seldom are interchangeable between different
receivers.
Delay line units in receivers look quite like a piece of large
diameter coaxial cable, six inches or more in length. There are
various internal constructions, including elements such as coiled
conductors separated by dielectric material from metallic braid
covered on the outside with protective insulation. There may be
a magnetic core, or many small inductors in series with capacitances to ground from between them. Sometimes there is no delay
line constructed as a unit, but equivalent delay action is provided
by inductances and capacitances in various parts of circuits in
which delay is required.
Black-and-white Reception.—When a black-and-white picture
transmission is to be used in a color receiver the chrominance
section is made inoperative. Then, in receivers having demodulators connected to picture tube control grids, there are no color
signals to vary the grid voltages. The grid-cathode voltages of the
picture tube will have been so adjusted that, with no signals received, the three electron beams are of relative strengths exciting
the blue, green, and red phosphors for the sensation of white or
gray light. Under this condition, the deflected beams will produce
a white or gray raster.
If voltage on the three cathodes is varied, with relative
strengths of grid voltages remaining unchanged, there will be
white, gray, or black on the viewing screen. Variations of cathode voltage will vary the strengths of all three beams at the same
time.
Assume now that a black-and-white composite signal is received. It has everything that is in the composite color signal
except the chrominance information and the burst signal. The
black-and-white passes through the tuner, the i
-f amplifier, the
video or luminance detector, and through the luminance amplifier
section of the color receiver, just as would the luminance portion
of a color signal.
The black-and-white signal acts on all three cathodes in the
picture tube, and causes simultaneous variations of all three
electron beams without altering their relative strengths. Then
pictures appear only as variations of gray, or appear in blackand-white.
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In some color receivers the three control grids, instead of the
three cathodes, of the picture tube electron guns are tied together. To the grids is applied the luminance signal or a blackand-white signal. In this case the three cathodes are individually
connected to outputs of the demodulators or color amplifiers, and
are affected by color signals while the chrominance section is in
operation. Reproduction of black-and-white pictures would be
just as effective as with grid and cathode connections assumed
in the preceding explanations.
The chrominance section may be made inoperative in various
ways. In some receivers the saturation control is turned to its
minimum position. Inasmuch as this control is again control for
the chrominance amplifier, amplifier gain thus may be reduced to
zero and no chrominance signals will pass through the demodulators. With other designs the plate or screen voltage is removed
from demodulators, which reduces demodulator output to zero.
In many receivers there is a color killer tube and associated
circuits which automatically bias the chrominance amplifier to
cutoff except while color signals are received. When color transmissions are received, the bursts which accompany the signals
are utiilzed in the color killer circuits to remove the cutoff bias
from chrominance amplifier tubes.
Directing the Electron Beams.—Many of the service adjustments in color television are for the purpose of getting the three
electron beams through openings in the shadow mask and onto
the correct phosphor dots of the viewing screen. All three beams
must meet at the same mask opening no matter to what point on
the mask the beams are deflected. Then, in the small distance
from mask to viewing screen, the beams must separate so that
each strikes only a phosphor dot whose color corresponds to the
color signal in the gun where the beam originates.
Principal causes for difficulties are illustrated by Fig. 30. To
begin with, the beams start from three guns which are separated
from one another by considerable distances. If the three beams
are to meet at the same tiny opening through the mask, in spite
of manufacturing tolerances in gun structures and positions,
some of the beams must be bent or deflected differently than
others.
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The mask and the phosphor plate or viewing screen do not have
exactly the same curvatures, and the two curves do not have their
centers at the same point along the tube axis around which are
the electron guns. Consequently, even though the beams come
together at openings near the center of the mask, when deflected
toward the edges the beams tend to come together at apoint back
of the mask. Were this effect not counteracted, the beams would
separate before reaching openings in the mask, and could not
pass through at such angles as to strike the proper phosphor dots.
Bringing the three electron beams together at openings in the
shadow mask over its entire area is referred to as convergence.
Insuring that each beam strikes only a phosphor dot of correct
color is referred to as purity. Elements mounted around the neck
of the picture tube for purposes of obtaining correct convergence
and purity are shown by Fig. 31.
Convergence. — Two kinds of adjustment are required for
bringing the three electron beams together at the same opening
in the shadow mask. First there is so-called static convergence
adjustment, intended to bring the beams together at openings in
the center and close to the center of the shadow mask. Second

Shadow Mask
Convergence
Back of Masi's."'"

Electron
Guns

Beams Converge
At Mask
//
Phosphors On Viewing Screen

Fig. 30.—The beams tend to converge at different distances when near the
center of the shadow mask and when deflected toward its edges.
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Fig. 31.—Elements mounted on the neck of a color picture tube for ob oining
convergence and purity.

there is dynamic convergence adjustment for bringing the beams
together when they are deflected away from the center of the
mask.
Directions taken by the three electron beams in traveling from
guns to mask are varied by means of three electromagnets, called
convergence coils, which are equally spaced around the outside of
the tube neck. These magnets are shown by Fig. 32. Each coil is
directly outside one of the electron guns. Inside the tube neck,
mounted on the gun structure, are three sets of magnetic pole
pieces.
Each beam passes through the space between a pair of pole
pieces, wherein is a magnetic field induced from the external
coils. Magnetic field lines extend straight across from one pole to
its mate. Since a magnetic field tends to move an electron beam
at right angles to the field lines, each beam may be moved directly
toward or away from the tube axis by changing the polarity and
strength of the magnetic field, or by changing the direction and
strength of current in a convergence coil.
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To obtain static convergence, at and near the center of the
shadow mask, a direct current may be passed through each of
the coils in the design at A of Fig. 32. With other designs, shown
at B, static convergence is obtained by means of small permanent
magnets mounted within a gap of the electromagnet core. Rotating the permanent magnet one way or the other adjusts static
convergence.
With still other designs, static convergence is adjusted with
the help of three small permanent magnets held on adjustable
brackets around the outside of the tube neck near the convergence
coils. Changing the positions of these magnets, or reversing them
end for end in the brackets, adjusts each beam for static convergence. With any of these designs, dynamic convergence is
brought about by coil currents which vary proportionately to the
degree of beam deflection.

Red

Green

Internal
Pole Pieces

Blue
Beam

Coil
Permanent
Magnet

Core
Convergence
Circuits
Internal
Vane

Permanent
Magnet
Fig. 32.—Constructions of the convergence coils and of the blue beam moves*.

Core
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Static convergence adjustments which depend on convergence
coil currents or associated permanent magnets shift the paths of
red and green beams in such directions that they are bound to
meet at some point whose location may be altered by the adjustments. But the path of the blue beam will not necessarily pass
through the same point; it might go to one side or the other.
Therefore, it must be possible to shift the path of the blue beam
not only as at A of Fig. 32 but also at right angles to that direction in order that all three beams may come together at the same
point.
The path of the blue beam may be shifted crosswise of the neck
axis, and at right angles to directions indicated at A, by adjustment of the blue beam magnet. Action of this magnet is illustrated at C of Fig. 32. Outside the tube neck, in line with the
blue gun, is a permanent magnet mounted with one end toward
the glass. The magnetic circuit is completed by extensions on
opposite sides of the permanent magnet and by a magnetic vane
inside the tube, mounted on the electron gun. The magnetic field
inside the tube neck is in the direction of broken lines. The path
of the blue beam is shifted at right angles to these field lines.
How far the blue beam is shifted depends on spacing of the blue
beam magnet from the neck of the tube. Direction of shift is determined by whether the north or south magnetic pole is toward
the neck. The blue beam magnet may be turned end for end in
its mounting.
Dynamic Convergence.—While the electron beams are being
deflected vertically and horizontally the angles at which they are
bent must be altered proportionately to the distance of deflection.
Changes of deflection angle are caused by currents in the convergence coils, and resulting magnetic fields between the internal
pole pieces at A of Fig. 32. Varying the coil currents varies the
angles of beam deflection.
Various arrangements of circuit elements are employed in
different color receivers for producing convergence coil currents
of waveforms that cause necessary changes of beam angles during deflection. The general principle is illustrated by Fig. 33.
From a winding on the horizontal sweep transformer are obtained voltage pulses at the horizontal line frequency or horizontal sweep frequency. These pulses pass through horizontal amplitude controls and horizontal wave shaping circuits. The wave
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Fig. 33.—The principal parts of dynamic convergence circuits.

shaping circuits are either parallel resonant or series resonant at
the horizontal sweep frequency, and they produce approximate
sine waves when excited by the voltage pulses. Any resonant circuit having reasonably small energy losses will maintain oscillatory currents of approximate sine wave form when energy is
supplied by practically any voltage waveform at the resonant
frequency. The shaping circuits are of such design that output
currents are of parabolic waveform, consisting of loops between
relatively sharp peaks. This is the waveform required for dynamic convergence.
From the vertical sweep amplifier are obtained sawtooth waves
at the vertical sweep frequency. These waves pass through tilt
controls and vertical amplitude controls to vertical wave shaping
circuits. The vertical wave shaping circuits produce output currents of parabolic waveform at the vertical sweep frequency.
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Horizontal and vertical parabolic currents combine in windings of the convergence coils. The higher-frequency horizontal
waves ride on the lower-frequency vertical waves to cause proper
dynamic convergence during both horizontal and vertical sweeps
of the electron beams.
The tilt controls are, in effect, additional wave shaping devices
that shift the vertical current loops one way or the other by
varying the strength, or both strength and polarity, of the vertical sawtooth waves furnished to the wave shaping circuits.
That is, these controls tilt the vertical parabolic waves as may be
required. In some designs there are separate tilt windings on the
cores of the convergence coils. In other designs there are horizontal tilt controls in addition to vertical tilt controls.
Purity Controls.—Even though all three electron beams come
together at openings in the shadow mask, it still would be possible for one or more of the beams to pass through at such an
angle as to strike aphosphor dot of wrong color, or to strike two
or more dots at the same time. The dots are arranged in perfectly
regular triangles, and unless the beams approach the mask openings in perfectly triangular formation there will be wrong coloring or possibly lack of saturation in pictures.
Correction is by means of ring-shaped permanent magnets or
an electromagnetic coil around the outside of the tube neck between the convergence coils and the blue beam magnet. These
purity magnets or the purity coil produce magnetic field lines
which pass through the tube neck at right angles to its axis and
to the direction of beam travel. This crosswise magnetic field acts
simultaneously on all three beams, and aligns the beams so that
they approach the shadow mask at correct angles.
Purity adjustment requires changing the position of the magnetic field that passes crosswise through the tube neck, and
varying the strength of this field. Direction of the field across the
tube neck, or its angular position in relation to the electron guns,
is varied by rotating the two magnetic rings or the single purity
coil around the tube neck. Strength of the magnetic field is
changed by varying the relative positions of gaps in the magnetic
rings, as with a double-magnet centering device, or by adjusting
the direct current in a purity coil.
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Although purity may be chiefly affected by adjustments of
purity magnets or purity coil, it is affected also by static convergence adjustments of convergence coils and cores and by adjustment of the blue beam magnet. Purity is affected also by
position of the deflection yoke along the tube neck. Moving the
yoke toward or away from the flare of the tube may be necessary
in securing good color purity.

Chapter 19
SERVICING COLOR RECEIVERS
In acolor receiver there are more circuits and components than
in ablack-and-white or monochrome set, therefore more places in
which trouble may occur. To cut down the number of places to be
checked, and thus save time, it is essential to apply the principle
of sectionalizing. That is, symptoms of trouble appearing at the
picture tube and on an oscilloscope are observed and analyzed
with the object of limiting the detailed tests and measurements
to sections probably at fault, while eliminating other sections
from suspicion.
The first step is to try obtaining a uniformly white or gray
raster while no signals are applied. The second step is to check
the reception of black-and-white programs or test patterns. The
third step is to check reception of a color program or to work
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I.—These are the sections most probably at fault whew a ectiodese
raster cannot be obtained.
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with signals from generators especially designed for color trouble
shooting.
To examine the raster, disconnect the antenna and place the
station selector on achannel not used locally. Turn on the set and
allow plenty of warmup time. Set the saturation control at minimum, and if there is a switch for selecting color or monochrome
place it in the monochrome position. Adjust the brightness control for moderate illumination of the viewing screen; too much
brightness may cause coloring on a raster even though normal
reception would be satisfactory.
If the raster is uniformly white or gray, free from all coloring,
it may be assumed for the time being that sections represented
by the blocks in Fig. 1are in good operating condition. Illumination of the entire viewing screen proves that there is anode voltage, that horizontal and vertical sweep and deflection systems are
operating, and that the low-voltage supply is working. If there
is no coloring it is certain that the three kinds of phosphors are
blending their lights in the proportion required for white or gray.
This is possible only when the three electron beams are strking
phosphor dots of proper colors, and when balance and color gain
controls are correctly adjusted.
Should coloring appear only near the edges of the raster it is
possible that purity adjustments are incorrect. Appearance of
color only when brightness is high, or very low, may indicate
wrong adjustment of gain controls on color amplifiers. Mottled
coloring all over the viewing screen usually means that the
chrominance amplifier is operating when it should be cut off. This
would mean trouble in a color killer system or with whatever
means is employed to make the chrominance amplifier inoperative
when no color signals are received.
Inability to obtain a white or gray raster most often indicates
misadjustment of purity controls or convergence controls, although the fault might be in color matrix or amplifier circuits,
or even in the picture tube itself. In any event, failure to obtain a
good monochrome raster means that the cause most probably is
in sections or controls of Fig. 1.
Provided the monochrome raster is satisfactory, the antenna is
reconnected and the station selector set for a channel in which
there is a local black-and-white transmission. Faults in black-
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and-white pictures or test patterns, when the raster has proven
satisfactory, usually indicate trouble in some of the sections
whose names are shown on the blocks of Fig. 2.
Except for the luminance amplifier and convergence controls
all the sections of Fig. 2 operate similarly to equivalent sections
in a black-and-white set. The luminance amplifier is quite like
a video amplifier, but contains a delay line. Unless this line is
open or grounded it will not affect monochrome reception.
A fault which may show during monochrome reception, even
though the raster proved satisfactory, is called color fringing.
At the outlines or boundaries of objects are various colors. The
probable cause is misadjustment of convergence controls.
It is possible also that small amounts of one color may appear
within larger areas of another color which should be solid. This
fault may result from wrong static or dynamic convergence adjustments, or from incorrect positions along the picture tube neck
of purity magnets or coil, or of the deflecting yoke.
During reception of black-and-white pictures or atest pattern
it is in order to make those service adjustments which would be
performed on a black-and-white or monochrome receiver. These
adjustments would be for size, linearity, horizontal drive, for
centering, horizontal and vertical hold, and horizontal afc.
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fig. 2.—Tboo• ore the sections most likely to hove troubles which prevent
satisfactory black-and-white reception.
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If black-and-white reception is satisfactory or has been made
so it may be assumed that sections names on Fig. 2 are in good
operating condition, at least until some of them prove later to
have faults which affect color reproduction.
Color Reproduction Faults.—The blocks of Fig. 3 represent receiver sections and controls in which troubles may cause poor
reproduction of color programs. Blocks with broken outlines are
least likely to be at fault, because most difficulties will have been
discovered and corrected during the check of black-and-white reception. However, these parts may have troubles that affect only
color reproduction. If these are evidences of trouble it ordinarily
will be necessary to use a color bar generator for signal input
during tests and corrections.
The more common effects noted for faulty color reproduction,
and their probable causes, are listed in following paragraphs.
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3.—Troubles in any of these sections may prevent satisfactory
reproduction of color pictures.
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Color absent or very weak.
Saturation control misadjusted, or circuit trouble.
Fine tuning misadjusted.
Contrast control set too low.
Narrow-band response in i
-f amplifier, tuner, booster, or antenna.
Color killer, if present, holding chrominance amplifier at cutoff. This might be due to a weak or missing burst signal.
Chrominance amplifier not properly aligned.
Demodulator outputs too weak.
Burst amplifier circuits not aligned.
Automatic phase control (APC) misadjusted.
Color oscillator circuits not correctly aligned.
Color oscillator crystal defective, or circuit trouble.
Color too strong.
Trouble in saturation control or circuit.
Luminance section gain too low.
Fine tuning misadjusted.
Contrast control set too high.
Vari-colored outlines. This may be called color fringing or
edging. It is somewhat equivalent to smearing or ringing in
monochrome reception. Frequency response of the luminance section should be observed, in the same manner as response of a
video amplifier. Some causes for trouble are:
Delay line of wrong value, open, grounded.
Accompanying sound traps misadjusted.
Peakers faulty in detector or luminance amplifier circuits.
Dressing of wiring has been altered.
Hum bars. The appearance is similar to hum bars in monochrome receivers, and causes are the same, but the bars appear
in colors. Color sections in which trouble exists sometimes may
be located by noting the colors of the bars, as follows:
Red and blue-green, check R-Y circuits.
Blue and yellow, check B-Y circuits.
Orange and cyan, check I circuits.
Green and magenta, check Q circuits.
Color bars in motion. The effect is somewhat similar to diagonal bars on a monochrome viewing screen when horizontal
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hold is at fault. The cause is that the color oscillator frequency
is not synchronized in relation to phase of the burst signal. Check
the following:
Automatic phase control (APC) adjustments.
Color oscillator crystal or crystal circuit.
Frequency response of i
-f amplifier and video amplifier; may
be too narrow.
Interference of receiver voltages.
Speckles or dots usually mean that either the 3.58-mc color
oscillator voltage or else the 4.5-mc intercarrier beat voltage is
getting through the luminance section to the picture tube. Check
adjustment of traps for these frequencies.
Coarse bands of color which shift between vertical and sloping
positions indicate beating at the picture tube input of the 3.58-mc
color oscillator voltage and the 4.5-mc intercarrier beat voltage
to produce beat lines from the resulting frequency of approximately 0.92 mc or 920 kc. Check adjustment of traps for the
beating frequencies. Fine tuning misadjustment might be the
cause.
Moving bands of color or wrong colors may indicate that
ghost signals or reflected signals are reaching the antenna.
Wrong colors or hues.
Observe objects whose correct coloring is known, such as flesh
tones of people in the pictures. The most probable reason for
incorrect color is lack of phasing in the color oscillator output
voltage, which may result from the following:
Hue control misadjusted.
Misadustment of 90° phase shift circuit.
Automatic phase control (APC) misadjusted.
Burst amplifier circuits not aligned.
Burst voltage weak or lacking. Check i
-f amplifier, detector,
and other circuits through which burst signals come to the burst
amplifier.
Less likely causes for wrong colors would be weak output from
the luminance amplifier, which might darken greens and yellows,
or trouble with the delay line.
If people and objects change their coloring when moving between the center and the sides of the viewing screen the probable
cause is purity misadjustment.
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Color Overcast.—Sometimes the entire viewing screen will be
strongly tinted or overcast with some one color or shade. The
effect is quite like that observed in novice color photography,
when an entire picture may be strongly tinted with blue or some
other shade. In photography the primary cause is failure to filter
out the excess of the overcasting color. In color television the
cause usually is lack of some color signal, which leaves complementary color too strong.

Light
Red

+I
Reddish
Oronge

Magenta
(Reddish purple)
+Q
Purplish
Blue

Yellow
«B -Y)
Deep Blue
Greenish
Yellow

Yellowish
Green
—Q

Light Blue
Green
Bluish
Green
- (R-Y)

Cyan

—I

Fig. 4.—When any of these colors am missing or weak, the oppostle
complementary color usually appears too strong.
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The thing to do is try identifying the missing color, then look
for trouble in sections and circuits which supply that color. Since
a color that is not present is difficult to identify, it is easier to
note the overcasting shade and look for its complementary on a
color phase chart such as that of Fig. 4. Any two colors which
are opposite are complementary. When blended in suitable proportions, any two complementaries produce the sensation of
white, as indicated at the center of the chart.
As an example, assume that pictures are tinged all over with
bluish green. On the chart this corresponds to —(R-Y), which is
present in excessive strength. The complementary is + (R -Y),
which would be weak or lacking. The procedure is to examine
circuits and components that should furnish the ± (R -Y) signal
voltages. Were the overcast to be yellow or light orange, the
complementary blue would be weak or missing.
It should be noted that this method of analysis does not apply
when an entire color signal, both positive and negative, is missing
or very weak. For instance, were the entire R-Y signal or the
entire Isignal missing, all colors would be altered. This is true
because all color phases result from combinations of R-Y and
B-Y, or from combinations of Iand Q signals.
Instruments for Color Servicing.—For properly servicing all
the color sections shown by Fig. 3 it is necessary to have a color
bar generator and awide-band oscilloscope. The color bar generator furnishes signals which are the equivalent of regular 3.58-mc
chrominance signals and 3.58-mo burst voltages, so far as service
tests are concerned. In addition, some of these generators furnish
a luminance carrier, a sound carrier, and sync pulses. A good
color bar generator takes the place of a transmitted color and
sound program signal so far as service work is concerned.
With the color generator connected to the antenna terminals
or else to a point beyond the detectors, the picture tube of a
correctly adjusted receiver will display color patterns of styles
depending on the particular generator. An RCA color bar generator produces the pattern of Fig. 5. There are ten vertical bars in
colors, with dark or colorless bars between. The colored bars result from chrominance phases separated by 30 electrical degrees,
commencing at 30 degrees from the reference phase and continuing around the color phase chart to 300 degrees. The colored
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bars represent + (R-Y), —(R-Y), and + (B-Y), also -R, —I,
and +Q, and certain intermediate color phases.
There are differences between color generators and what they
will do. Depending on the instrument, it is possible to perform
some or all of the following service operations: Determine which
color section is in trouble. Check phasing of color oscillator output, and action of the hue control. Adjust the automatic phase
control circuits. Check action of a color killer, or various traps,
and of the luminance delay.
Used with an oscilloscope to observe outputs of various stages,
the color generator allows checking effects of demodulator and
amplifier gain controls, action of matrix circuits, and adjust..

Fig. 5.—Pattern produced by one type of

COIOI

bar generator.
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ments or alignment for 90° phase shift. For work in circuits
carrying 3.58-mc voltages a wide-band oscilloscope is needed.
Such work includes signal tracing in color oscillator and chrominance sections, also checking alignments throughout the color
oscillator section, including the burst takeoff, burst amplifier, and
crystal circuit.
A wide-band oscilloscope is needed wherever 3.58-mc voltages
are to be observed, because ordinary service oscilloscopes have
zero or practically zero vertical gain at this frequency. Instruments designed for color or suitable for color servicing have
vertical frequency response down not more than two to five
decibels at frequencies of four to five megacycles.
The wide-band scope should have practically flat frequency response in order that amplitudes of 3.58-mc voltages and of other
voltages in the chrominance range may be compared by using a
peak-to-peak calibrator. Vertical sensitivity may be on the order
of 0.03 to 0.04 volt per inch at frequencies around four megacycles. A low-capacitance frequency compensating probe must be
used on the oscilloscope vertical input. All the wide-band instruments have frequency compensating vertical attenuators.
Marker generator frequencies must be more accurate than required for ordinary servicing of black-and-white receivers. The
3.58-mc frequency must be crystal controlled or calibrated, and
similar precision is needed for intermediate frequencies near the
low end of the i
-f response, where the curve drops down toward
the sound intermediate.
A sweep generator for color work should be of good quality,
operating on fundamentals, with output flat through any frequency range to be swept, and with good linearity. For observing
frequency responses of video amplifiers, luminance amplifiers,
and chrominance amplifiers the generator must be capable of
sweeping a range from about 50 cycles to five or six megacycles
per second.
For convergence adjustments it is highly desirable to have a
pattern generator which produces on the viewing screen of the
picture tube aseries of regularly spaced dots or else a crosspatch
of vertical and horizontal lines. Dots or lines should be bright, on
a dark background. When such an instrument is called a dot
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generator it ordinarily provides either dots, a crosshatch pattern,
horizontal lines, or vertical lines. Any of these patterns may be
used for adjusting linearity, size, and centering.
The pattern generator may be connected to receiver antenna
terminals or to the input of a video amplifier. The instrument
should deliver a waveform that synchronizes the receiver horizontally and vertically, or else there should be provision for taking
synchronizing pulses from receiver to generator. This is necessary
for maintaining astationary pattern on the viewing screen.
Misadjustment of the convergence controls will result in aseparation of the three primary colors. Figs. 6A and B illustrates improper
convergence. Fig. 6C indicates correct vertical dynamic convergence,
and Fig. 6D indicates the white dot pattern produced when all convergence adjustments are correct.
ALIGNMENT AND ADJUSTMENT
All precautions ordinarily observed during alignment and adjustment of monochrome receivers are as important, or more so,
when working on color receivers. Generator outputs should be
kept as low as possible, high-side and ground connections should
be close together, instrument leads should be shielded, generator
cables properly terminated, and all the rest. Color sets may have
series heaters and hot chasses, requiring the use of an isolating
transformer. If power line voltage is likely to fluctuate it should
be regulated or adjusted to 117 volts during tests. Plenty of
warmup time is important.
It is essential that all adjustments which would be made on a
black-and-white set be completed before working on any color circuits. This means preliminary checks of controls for size, centering, linearity, drive, hold, and focus.
Frequency Responses.—Incorrect alignment and other faults
in tuner, i
-f amplifier, and video or luminance detector circuits
are corrected by methods employed for black-and-white receivers.
Frequency response of the i
-f amplifier requires careful alignment, for reasons which follow.
Within the band pass of the i
-f amplifier must be all frequencies required for the luminance or Y-signal, also all frequencies
for R-Y and B-Y or for Iand Q signals. Were only the luminance
signal to be passed, without color signals, the response might extend no farther toward the sound intermediate than shown at A,
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of Fig. 7, which would be satisfactory for a monochrome set.
For a color receiver the i
-f band pass must be extended to include the color signal frequencies, which are sidebands of the
3.58-mc subcarrier. For R-Y and B-Y signals, or for a Q-signal,
the required responses are about as shown at B. For an I-signal
the response would be about as shown at C were it not cut off on
one side.
In order that the color signals may be included within the i
-f
passband, the i
-f response must be as shown at D. Since the color
subcarrier is 3.58 mc below the video intermediate, the subcarrier frequency will be at 42.17 mc on the i
-f response, assuming that the video intermediate is 45.75 me and the sound intermediate is 41.25 mc.
The i
-f response must cut off as sharply as possible above the
sound intermediate frequency, usually somewhere between 41.65
and 41.85 mc. This means that part of one sideband of an I-signal
(diagram C of Fig. 7) will be removed by cutoff of the i
-f response, but the other sideband will remain. Unless the i
-f response extends as far as possible toward the sound intermediate,
Sound

Video
II
F

3.58 mc
2.1 mc

©
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ornc
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II
I

41.25mc

I
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F. 7.—Some frequency responses and ranges for video, awed
chrominance frequencies.
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parts of all color sidebands will receive too little amplification.
Then colors will be weak or may disappear entirely.
Alignment usually is performed with the oscilloscope connected
to the video detector load for the entire process, but with the
sweep generator connected for stage by stage checking. That is,
the sweep is connected first to the grid of the final i
-f amplifier,
then moved back a stage or two at a time until connected to the
mixer grid. Alignment of couplings and traps commences on the
output side of the final i
-f amplifier, and continues with adjustment of couplings and traps of additional stages as they are included between the sweep generator connection and the video
detector output.
Frequency response of the luminance amplifier or section may
be observed with a sweep generator and oscilloscope used in the
same manner as for any video amplifier. The luminance response
will show effects of 3.58-mc and 4.5-mc traps about as illustrated
by dips in the curve of Fig. 8. Peakers maintain high gain to
somewhere around 3.0 mc, above which the traps cause dips.

3.0 mc.

o
Fie S.—frequency response of a luminance amplifier may ',IOW dips
at trap frequencies.
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Chrominance Amplifier Alignment.—Like every other part of
a color television receiver, the chrominance amplifier should be
aligned or adjusted in strict conformance with instructions issued by its manufacturer, and the object of alignment should be
to secure a response curve of the shape and frequency characteristics recommended in service instructions.
The process is typically about as follows: The station selector
is placed on a channel not used locally, contrast is set at maximum or nearly so, and the saturation control is turned to maximum in order to allow full gain in the chrominance amplifier. If
there is a color killer, it is disabled in a manner suited to the
tvne of circuit.
The sweep generator is used in the same manner as for observing video amplifier response, sweeping from practically zero
to five or more megacycles. Sweep output is applied to the grid of
a video amplifier, with the grid disconnected from the preceding
detector output but retaining bias voltage.
The oscilloscope is connected to the output of the chrominance
amplifier section, which will be the input to demodulators. Sometimes the scope is connected to outputs of stages following a certain trap while that trap is aligned, then transferred to the demodulator input for final curve shape and marker positioning.
The response is shaped and tilted, and markers for required
frequencies are placed at knees or cutoffs, by adjusting the couplings and inductors in grid and plate circuits of the chrominance
amplifier or amplifiers. The 3.58-mc and 4.5-mc traps are adjusted to show dips on the response.
Color Oscillator Section.—The color oscillator section may be
considered as extending from the point at which burst signals
are taken from a chrominance or video amplifier, through to the
point at which two 3.58-mc voltages are applied to the demodulators, with 90° phase difference between these voltages. All adjustments or alignments in this section are made with respect to
the 3.58-mc burst frequency or subcarrier frequency. For work
ahead of the oscillator itself, this frequency may be furnished by
a crystal controlled or calibrated generator of the marker type
or by a color bar generator. When not synchronized by some externally generated 3.58-mc frequency, the color oscillator will
operate at what might be called its free running frequency. If
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there is a crystal in the oscillator circuit the frequency will be
controlled by the crystal.
Adjustments such as found in color oscillator sections are
shown on the block diagram of Fig. 9. At the input to the burst
amplifier, from the chrominance amplifier or a video amplifier, is
a takeoff coupling which is tuned to 3.58 mc. The output circuit
of the burst amplifier likewise is tuned to 3.58 mc, and provides
the reference input for the automatic phase control system. On
the resistor string between the ape diodes is shown a potentiometer for balance adjustment, which may or may not be provided.
The resonant circuit across the reactance tube is tuned to 3.58
mc for phasing the color oscillator with the burst signals. On the
plate side of the color oscillator is atank circuit tuned to 3.58 mc.

I

Chrominance or
Video Amp
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Fig. 9.—Service adjustments in a color oscillator section, between bun*
takeoff and demodulator inputs.
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In receivers having an amplifier or cathode follower on the output
of the color oscillator, the amplifier or follower output circuit
will have one adjustment for tuning the 3.58-mc input to the R-Y
or Idemodulator, and another adjustment for 90° phase shift to
the B-Y or Q demodulator. Otherwise these two tuned circuits
will be on the output of the color oscillator.
Alignments and adjustments in the color oscillator section have
three objects. First, to tune all oscillator and oscillator circuits
accurately to 3.58 me. Second, to adjust output from the oscillator
section so that 3.58-mc voltages to the two demodulators differ in
phase by exactly 90°. Third, to insure that the apc system will
control phase and frequency of the color oscillator.
When the color oscillator has a crystal in its grid circuit the
tube will oscillate at or very close to the crystal frequency,
whether or not a 3.58-mc voltage is applied from some external
source, such as from any kind of generator or from bursts in a
received signal. The oscillating tube will furnish voltage suitable
for alignment adjustments in circuits between it and the demodulators.
The indicator for alignment of the oscillator tank and all following tuned circuits may be a vacuum tube voltmeter used to
measure strength of oscillator output voltage. Direct measurement would require a detector probe on the meter, so it is usual
practice to connect the VTVM as a d-c meter to a demodulator
output or to either of the ape diodes at the element which connects to load resistors between the diodes. Then the demodulator
or the ape diode acts as a rectifier and delivers to the VTVM a
direct voltage which is proportional to oscillator output voltage.
With the meter connected as mentioned, the oscillator tank and
the resonant circuit directly on the plate of any oscillator amplifier or follower are tuned for maximum voltage indication.
The tuned circuit directly on the plate of the last tube in the
oscillator section must be aligned alternately with the circuit
providing a 90° phase shift until both are correctly resonated.
This is necessary because these two circuits are so closely associated that adjustment of either one affects resonant frequency
of the other.
When the circuit providing 3.58-mc voltage to a R-Y or I demodulator is correctly tuned there will be maximum voltage out-
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put from this demodulator. When the phase shift circuit is correctly tuned there will be maximum output from the B-Y or Q
demodulator. With the VTVM on the output from either demodulator the voltage will rise and go through maximum as the tuned
circuit for that demodulator is adjusted, but the voltage will dip
when the tuned circuit for the other demodulator is adjusted
back and forth through resonance.
Automatic Phase Control Adjustment.—Assuming that color
oscillator and 90° phase shift circuits have been aligned, a typical procedure for adjusting the burst amplifier and automatic
phase control would be as follows.
The input signal may be any 3.58-mc voltage from a crystal
controlled generator, or it may be a received color signal, in
which there are burst voltages. The generator may be connected
to the antenna terminals of the receiver or to the grid of a video
amplifier. Contrast and saturation controls are set as for normal
reception, the hue control is placed at its mid-position, and, with
a generator or received signal at the antenna terminals, the fine
tuning control is adjusted for a picture or pattern on the picture
tube.
A vacuum tube voltmeter, on its d-c voltage function, is connected to either end of the resistor string between the apc diodes,
at the plate of one diode or the cathode of the other, as at A or B
of Fig. 9. Then the burst amplifier takeoff or agrid coupling, and
also the burst amplifier output circuit, are adjusted for maximum
reading on the VTVM.
The VTVM, still on its d-c voltage function, is shifted to the
correction voltage output of the apc phase detector, ahead of the
noise filter. Now the resonant circuit across the reactance tube,
also any balance control on the phase detector, are adjusted for
zero reading on the VTVM. The input signal should be weakened,
by the attenuator of a generator or by the fine tuning control
for a received signal, while readjusting the reactance tube circuit
and an apc balance control to maintain zero reading on the
VTVM.
High-voltage System.—Three-gun color picture tubes require
anode potential of about 25,000 volts and electrostatic focusing
potential of 4,000 to 6,000 volts. Because there are three electron
beams the total current approaches one milliammeter. Voltage
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and current are furnished by ahigh-voltage supply of the flyback
or pulse type employing adoubler or multiplier circuit containing
three high-voltage rectifier diodes connected as in Fig. 10.
Cl

To
Anode

C1
Hor3
Output Amp

Fig. 10.—Tb. Itlide-troltage doubler system for the anode of a color
picture tube.

From tap a on the horizontal output transformer, positive
pulses of 6,000 to 8,000 volts reach the plate of rectifier A. Electron flow from cathode to plate in this tube charges capacitor Cl
in the marked polarity. Positive potential from this capacitor
acts on the plate of rectifier B, which conducts and couples the
positive potential to the plate of rectifier C.
At the same time, positive pulses of 18,000 volts or more from
c on the transformer act through capacitor C2 on the plate of
rectifier C. Electron flow in this tube charges capacitor C2 as
marked, with the high positive potential on the plate of tube C.
This potential and that applied through tube B combine at the
plate of C, and at the cathode of C is a total voltage suitable for
the picture tube anode.
Potential on capacitor Cl and at the plate of rectifier B is
high enough so that, after some reduction through any of various
voltage divider circuits, it provides focusing voltage for the picture tube. An adjustable voltage divider for focusing will be
connected between the cathode of rectifier A and the plate of
rectifier B.
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Because the total of beam currents in the three-gun picture
tube is rather large, any decided variations of brightness between picture areas causes large changes of beam current or load
current from the high-voltage supply. Unless the load is stabilized, changes of anode voltage which would accompany changes
of beam current would affect picture size, coloring, and linearity.
Stabilization is secured by automatically regulating the output
current and voltage.
One method of voltage regulation is illustrated in principle at
A of Fig. 11. To the high-voltage lead for the picture tube anode
is connected the plate of a triode designed especially for this
work. The cathode of this triode voltage regulator is connected
directly or through a B-plus lead to ground. Part of the highvoltage supply current flows in the regulator triode, while the
remainder flows as usual in the picture tube.
The grid of the triode regulator might be connected to the
slider of avoltage divider potentiometer in aresistor string from
the high-voltage lead to ground, but more often the voltage divider is between the focus supply voltage and ground. With either
connection, any increase of picture tube anode current such as
occurs for a brighter picture area will tend to drop the anode

Fig. 11.—A vacuum tube voltage regulator at the left, sod a gaseous
tube regulator at the right.
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supply voltage and at the same time make the triode grid less
positive.
A less positive grid in the regulator tube increases internal
resistance and reduces plate-cathode current in this tube. Reduced current in the triode compensates for more current to the
picture tube anode circuit. Total current from the high-voltage
supply remains practically unchanged and, as a result, high voltage on the picture tube anode remains practically constant.
Should there be a decrease of picture tube anode current, as
for darker areas of pictures, the high voltage tends to rise. This
makes the grid of the triode regulator more positive, lessens
internal resistance of the triode, and allows enough more triode
current to compensate for decrease of picture tube anode current.
Again, high voltage to the picture tube anode remains practically
unchanged.
With this kind of automatic voltage regulation the value of
picture tube anode voltage and how much it varies may be adjusted by moving the slider on the triode grid potentiometer. The
adjustment should be made to allow least change of picture tube
anode voltage when the receiver brightness control is varied
through its entire range of normal operation. That is, there
should be minimum variation of anode voltage when a raster is
made alternately bright and very dark.
Another method of automatic voltage regulation is illustrated
at B of Fig. 11. The principle is that of gaseous or glow tube
regulators found in many low-voltage d-c power supplies, but the
regulator tube is designed to operate at the high anode voltage
for color picture tubes. Internal resistance of agaseous regulator
tube undergoes large changes when there are small variations of
the voltage applied between its anode and cathode.
When voltage to the picture tube anode and the gaseous regulator tube tends to rise with decrease of beam currents, more
current flows through the lowered resistance of the regulator.
Conversely, drop of picture tube anode voltage, as occurs with
more beam current, causes less flow through the regulator. In
either case the total current from the high-voltage power supply
remains almost constant, and this allows almost constant voltage
from power supply to picture tube anode.
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Because picture tube anode voltage in color receivers is much
higher than in monochrome sets, and because the high-voltage
supply for color tubes is capable of delivering more current, there
is greater danger of painful or dangerous shocks during highvoltage tests and adjustments. The high-voltage probe used during color work must be designed to safely withstand a minimum
of 30,000 volts, and should have insulation of such shape and
kind on both probe and cable that arc-over or leakage cannot
occur while you are proceeding with ordinary caution while making measurements.
Purity Adjustments.—When a color receiver is properly adjusted for purity it will be possible to produce from the red gun
alone a raster or field which is pure primary red over the entire
viewing screen, without the appearance of blue or green in
noticeable amounts. It will be possible also to produce from the
blue gun a pure blue field, and from the green gun a pure green
field. Purity adjustments are checked by observing the color
fields produced by each gun acting alone.
Although color purity is affected chiefly by adjustments of
purity magnets or a purity coil, it is affected also by static convergence adjustments and by position of the deflecting yoke
along the picture tube neck. Either permanent magnets or an
electromagnetic purity coil will produce a magnetic field passing
through the picture tube neck and through the path of the three
electron beams, to shift the beam position. The direction in which
beam position is changed, and how far it is changed, are determined by direction, location, and strength of the magnetic field.
Units which enter into purity adjustments are represented in
Fig. 12. When adjustments are made with ring-shaped permanent magnets, direction of the magnetic field through the tube
neck is altered by rotating both rings, as a unit, around the neck
of the tube. Location of the magnetic field is altered by moving
both rings lengthwise of the tube neck. Strength of the field is
altered by rotating one ring with respect to the other, to bring
the magnetic gaps closer together or farther apart. The field is
weakest with gaps opposite each other, and strongest with the
gaps together.
When coils are used for purity adjustment, direction of the
magnetic field is altered by rotating the coil structure around the
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picture tube neck. Location of the field is changed by moving
purity coil structure lengthwise of the tube neck. Strength of
field depends on current in the coil windings, and current is
justed by means of a potentiometer or rheostat connected
tween the coils and the low-voltage d-c power circuits.

Purity Magnets
or Coil

Blue Beam
Magnet

Rotati on

Convergence
Coils

Axial
Movement

the
the
adbe-

Yoke

e_

Axial Movement

Fig. 12.—Elements on the picture tube neck which am moved during
adjustment of static convergence.

A magnetic field which is too strong or which is in the wrong
location may cause neck shadows similar to those which appear
on monochrome picture tubes when there is wrong adjustment
of afocusing coil or of an ion trap magnet. Such shadowing must
be avoided.
Color Fields.—If afield of single uniform color can be obtained
from each of the three electron guns working alone, these three
fields will combine in suitable intensities to cause the visual
sensation of white — provided convergence has been made correct over the entire viewing screen. Correct purity adjustments
should allow each gun to produce its own color while the oher
two guns are inactive.
Preliminary settings for color field adjustments are as follows:
Contrast is set at minimum, and brightness near maximum. The
station selector is set for a channel not used locally; no input
signal is needed or desired. If purity is being adjusted for the
first time after installation of a picture tube, the deflecting yoke
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should be moved well back from the flare of the tube. If purity
has been previously adjusted, the yoke will be the last element
adj usted.
Two electron guns may be made inactive while the third remains in operation by adjusting screen voltage on the first two
guns to zero by means of the color balance controls, while screen
grid voltage for the third gun remains maximum or nearly so.
Another method consists of grounding the control grids of the
two guns which are to be shut off. When employing this latter
method the screen grid controls or color balance controls would
remain at their original settings, or as for normal reception.
It is helpful to make apreliminary check of static convergence,
which is convergence at and near the center of the viewing
screen, before making purity adjustments. The manner of adjusting static convergence varies with design of picture tube accessory elements. In some cases this adjustment is made with permanent magnets which are mounted in the cores of convergence
coils, in others by shifting three separately mounted permanent
magnets called beam positioning magnets, while in still other
designs the static convergence adjustment is made by varying the
direct current in convergence coils. Detailed procedures will be
explained in connection with the subject of convergence adjustments in general.
To commence adjustment of purity the blue and green electron
guns are made inactive by grounding their control grids or adjusting their screen grid voltages to zero. The red gun is allowed
to operate for checking the red color field.
Strength of the magnetic field from purity magnets or purity
coils is made as weak as possible, by setting magnet gaps opposite
each other or by reducing coil current to zero. When this has been
done, rotation of the magnets or coil structure on the picture tube
neck should not affect the raster.
If the field at and around the center of the viewing screen is
not of pure primary red, strength of the purity magnetic field
should be slightly increased, and the magnets or coil structure
rotated to improve the field. Magnetic field strength then may be
increased while rotating the magnets or coil structure and moving them lengthwise of the tube neck for the largest red field in
the central area of the viewing screen. Procedure is quite similar
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to adjustment of an ion trap magnet. Some blue, green, or yellow
may remain toward the edges of the viewing screen.
The next step is to move the deflecting yoke slightly forward,
or back if not already far from the picture tube flare, until the
red field is as pure as it can be made out toward the edges of the
viewing screen.
Adjustments of magnetic field strength, magnet or coil position
and rotation, and deflecting yoke position should be repeated until
the entire raster area is pure primary red in color. Inability to
obtain a pure color field may indicate defects in purity magnets
or coils, in the deflecting yoke, or even in the electron guns.
Having completed adjustments for the red field, the red electron gun is made inactive while the blue gun is allowed to operate
by itself. There should be a pure primary blue field all over the
viewing screen. Then, with the green gun operating and the red
and blue guns shut off there should be a pure green field over
the entire screen.
If blue and green color fields show decided color contamination
it may be removed by slight readjustment with either the blue
gun or the green gun operating alone. Adjustment procedure is
the same as for the red field. If all three color fields cannot be
made pure by slight readjustments, it is better to leave the blue
or green field somewhat impure than to allow noticeable impurity
in the red field.
Static Convergence.—When there is correct static convergence
in a three-gun picture tube the three electron beams pass together through the same openings of the shadow mask in aregion
which includes the center of the viewing screen and an area of
moderate size around the center. Then, on this portion of the
viewing screen, each beam strikes only phosphor dots of proper
color and the three colors may blend to produce white or gray.
Adjustments for static convergence include three permanent
magnets, called beam positioning magnets, which are adjustable
for polarity by rotating these magnets when mounted in cores of
convergence coils, or by turning the magnets end for end when
supported by separate brackets. Effective magnetic strength is
varied by rotating the core-mounted magnets or by moving the
separately supported units toward or away from the picture
tube neck.
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Each beam positioning magnet is in line with one of the electron guns, and each magnet shifts only the electron beams issuing
from its own gun. Static convergence is adjusted also by the blue
beam magnet, which may be moved toward or away from the tube
neck to alter its effective magnetic strength, or turned end for
end to reverse its polarity.
In some color receivers there are static convergence adjustments by means of variable direct currents in each of the three
convergence coils. Currents in the red and green coils may be
varied for static convergence of red and green, then current in
the blue coil is adjusted in connection with positioning of the
blue beam magnet to complete static convergence of all three
beams.
Static convergence adjustments, also dynamic convergence adjustments for portions of the viewing screen away from the
center, are most easily carried out with a dot generator. The
principle of this generator is illustrated by Fig. 13. Signals from
the generator are equivalent to a luminance signal in their effect
on brightness. The signals act on the grid-cathode circuits of the
picture tube to control beam intensities.
One voltage from the dot generator is gated so that it appears
at regular intervals ten or more times during each horizontal
line. Then, along all horizontal lines there appear brief bright
sections between dark sections. This signal voltage alone would
produce a series of regularly spaced bright vertical bars on the
picture tube viewing screen.
Another generator voltage modulated onto the same carrier or
video signal is gated to appear only eight or nine times during
each vertical deflection period. This voltage by itself would produce a series of bright horizontal bars on the viewing screen.
When the two generator signal voltages combine their effects,
the viewing screen becomes bright only in small areas where
both horizontal and vertical voltages are gated bright. This results in apattern of regularly spaced bright areas on the viewing
screen.
The blue beam lights all the blue phosphor dots in each bright
area, while green and red beams similarly light green and red
phosphor dots. If the beams are properly converged, each one
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lights its color dots in exactly the same bright areas as do the
other two beams, and all the pattern areas become white or gray.
If the beams are not converged, and fall on different pattern
areas, the phosphor dot colors appear separately, or blend only
partially, or in pairs of colors.
Procedure for adjusting static convergence varies with receiver design, but is generally as follows: Vertical and horizontal
dynamic amplitude and tilt controls are set at minimum. Contrast
is adjusted to maximum or nearly so. The brightness control and
output from the dot generator are adjusted together so colored
or bright pattern areas appear against a dark background. Too
much brightness or excessive output from the dot generator will
cause defocusing of horizontal trace lines.
Controls for picture tube screen grid voltage or for color balance, also gain controls on demodulators or color amplifiers, are
adjusted so that separate color areas are clearly defined and of
equal size. Pole pieces of convergence coils must be seated on
the picture tube neck.
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If primary color areas now show separately at and near the
center of the viewing screen, the beam positioning magnets and
the blue beam magnet are adjusted to bring the colors together
and form areas which are essentially white or gray. Each beam
positioning magnet shifts its respective color area, while the blue
beam magnet shifts only the blue area. Sometimes it is necessary
to make slight readjustments of purity in order to obtain correct
static convergence.
Dynamic Convergence Adjustment. Dynamic convergence adjustments bring the three electron beams onto the correct phosphor dots in pattern areas at top, bottom, and sides of the viewing screen. Vertical dynamic adjustments affect areas toward top
and bottom. Horizontal dynamic adjustments affect areas at the
sides. The objects of dynamic convergence adjustment are to
cause all three electron beams to pass through the same shadow
mask opening, and to pass at such angles that each beam falls
only on phosphor dots of its own color when the beams are defleeted away from the central area of the viewing screen.
Dynamic convergence adjustments include vertical and horizontal amplitude controls, vertical and sometimes horizontal tilt
controls, and horizontal phasing controls. There is a separate set
of controls for each of the three beams. In a general way, the
amplitude controls vary the spacing between pattern areas of the
three primary colors, the tilt controls allow bringing the three
color areas into the form of a triangular pattern with areas
equally spaced from one another, while phasing controls shift
any one colored area with respect to the other two.
Because dynamic and static convergence controls react on each
other it usually is necessary to make slight readjustments of
static controls after each adjustment of vertical dynamic controls, then to make horizontal dynamic adjustments and again
readjust the static controls. This order of adjusments is repeated
until there is correct convergence or white or gray pattern areas
over the entire viewing screen.
Exact procedure for dynamic convergence adjustments varies
between different receivers. The process may prove difficult unless service instructions issued by the manufacturer are followed
to the letter. Following instructions are typical of usual procedures.
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Vertical dynamic adjustment is commenced by observing the
colored pattern areas extending vertically in a line midway between left and right sides of the viewing screen. There will be
convergence at the center of this row, because of preceding static
adjustments. But toward top and bottom there will be misconvergence which may be somewhat as shown exaggerated at A of
Fig. 14.

A

D

o

Fig. 14.—Sente el the steps in adjustment el vertical dynamic convergence.
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Adjustment of red and green tilt controls should bring the
red and green pattern areas into a symmetrical triangular
formation with the blue areas, as represented at B. Adjustment
of red and green vertical amplitude controls should space the red
and green pattern areas at equal distances from the blue areas,
and adjustment of the blue vertical amplitude control should
space the blue areas equally from those that are red and green.
These adjustments of tilt and amplitude controls probably will
upset convergence in the central portion of the viewing screen,
and require one or more readjustments of the three beam positioning magnets during the process.
If the blue pattern areas are not aligned symmerically with
red and green areas, as illustrated by diagram C, this effect may
be corrected by adjustment of the blue tilt control. Final convergence of the colored pattern areas in the vertical row, as at D,
usually requires some readjustment of the blue beam magnet,
which previously was used for static convergence.
After adjusting the vertical dynamic convergence controls
there still will be misconvergence at the sides of the viewing
screen. This is corrected by the horizontal dynamic controls,
which include amplitude and phasing controls for each of the
three beams or primary colors. Each phasing control is adjusted,
to begin with, while the corresponding amplitude control is at
maximum. This phasing adjustment shifts the pattern areas for
each primary color as far as possible from those of the other
two colors.
Amplitude and phasing controls for each color then are adjusted
together to obtain symmetrical triangular patterns. After an adjustment for pattern areas of any one color it usually is necessary
to make some readjustment of the beam positioning magnet for
that color in order to correct the center convergence. A final adjustment may be made with the blue beam magnet.
Adjustments for convergence, purity, and focus affect one another. When adjustments for any one of these characteristics
are altered, effects on the other two should be checked, and corrections made if necessary. Should adjustments for convergence
fail to produce satisfactory results, the trouble may be in the
convergence coils, the deflecting yoke, or in the picture tube.
More probably the trouble is in circuits leading from vertical
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and horizontal sweep circuits to the convergence controls, or in
the control units themselves.
Circuit tests are best made with an oscilloscope, commencing
with horizontal pulses and vertical sawtooths, and checking from
there through to the convergence coil terminals.
Color Balance.—Intensity of light from red, green, and blue
phosphors in the color picture tube depends on control grid voltages wih reference to the cathodes, and also on screen grid volt-
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ages. However, even were these voltages equal in the three electron guns, light emissions still would be unequal because of
differences between efficiencies of the phosphors themselves. The
red phosphor, especially, would emit less light than the green and
blue phosphors. For this reason it is necessary to provide adjustments for screen grid voltages and for grid-cathode voltages or
biases in order to balance the color emissions.
The primary object of color balancing is to allow monochrome
pictures to appear only in white, black, and shades of gray, with
no coloring. When this is accomplished there should be suitable
blending of lights from the phosphors for correct hues in color
pictures — provided the chrominance and demodulator sections
are in good operating condition.
Fig. 15 shows typical control circuits for screen grid voltages.
At A and B there are individual adjustments for red, green, and
blue. At C there are individual adjustments for green and blue,
but not for red. Here there is a master control for varying all
three grid voltages simultaneously. Only the master control affects red, for which phosphor efficiency is least, while the green
and blue controls are adjusted to bring these color emissions
down to the level of red.
In addition to controls for screen grid voltages there will be
others for picture tube control grid biases, these really being
auxiliary brightness controls, or else for strength of signal voltages to the control grids. These latter controls regulate gains of
green and blue color amplifiers, and thereby vary average signal
voltage strengths at the green and blue control grids of the
picture tube.
At the left in Fig. 16 is shown one method for varying the bias
voltages on green and blue control grids. The brightness control,
varies the positive voltage on the cathodes, while the grid controls apply voltages which are less positive to the control grids,
thus making the grids negative in relation to the cathodes.
At the right in Fig. 16 are shown gain controls such as may
be used on green and blue color amplifiers. The red color amplifier
is allowed to operate at full gain, with gains for green and blue
amplifiers adjusted so that these colors match the red.
Color balance controls should be adjusted while receiving a
black-and-white transmission, which will provide a range of gray
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Fig. 16.—Adjustable bias controls for green and blue grids (left) and adjustable gain controls on green and blue color amplifiers (right).

tones from light to dark. Exact adjustment procedures differ with
the receiver, but in ageneral way are as follows. The controls for
screen grid voltages are adjusted to remove all coloring in portions of pictures which are medium or dark gray in shade. Then
gain controls or grid-cathode bias controls are adjusted to prevent appearance of color in picture highlights, where the tone is
white or very light gray.
Light and dark areas of reproduced pictures should be observed with the brightness control alternately high and low, and
with the contrast control advanced and retarded. Adjustments
are repeated until no coloring appears under any normal operating conditions.
Coloring which does appear during black-and-white transmissions commonly consists of an overcast in some one tint. A blue,
green or red tint may indicate that output from the respective
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electron gun is too strong, or that outputs from the other two
guns are weak. If the overall tint is that of a secondary color
(yellow, magenta, or cyan) the complementary primary color
(blue, green, or red) usually is too weak, and appropriate controls should be adjusted to strengthen it.
Circuits for retrace blanking often are connected to those
for color balancing. Negative blanking pulses may be applied to
the screen grids through circuits which control screen grid voltages. Positive blanking pulses may be applied to the cathodes
through the brightness control circuit, as is done ni many monochrome receivers.
Checking Circuit Troubles.—When any of the various service
adjustments fail to correct faulty reproduction of either color or
monochrome pictures, the section in trouble often may be identified by noting which colors are either absent or too strong, or by
observing the coloring which appears on pictures that should be
black and white. This has been explained in detail.
Determining just which circuit elements are causing the
trouble requires the same procedures as for trouble shooting in
monochrome receivers. This means signal tracing, followed by
checks with the vacuum tube voltmeter and ohmmeter, with a
capacitor tester, and other commonly employed service instruments. Signal tracing in circuits beyond any of the detectors is
most effective when done with the oscilloscope.
Because of very high voltage supplied to the picture tube anode
the shock hazard is increased. During final checks of individual
circuit components and connections, and of resistances or B-voltages, pictures or patterns ordinarily are not needed. Then the
high voltage for the picture tube anode may be shut off by
temporarily removing the horizontal output amplifier or possibly
the high-voltage rectifiers. In receivers having series heaters this
requires jumping the heater terminals of sockets with suitable
resistors. Such receivers, or any of the transformerless variety,
should be serviced when using an isolation transformer between
power line and set.
Color picture tubes are heavier than monochrome types, and
must be handled with extra care during removal and replacement. The tube should be lifted only by the large bulb, possibly
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with some guidance by holding the neck, but never by the neck
alone. The metal rim or flange which forms the high-voltage
anode terminal must be carefully protected from contact with
anything solid. Supports for color picture tubes are on the large
bulb, usually at front and rear. The supports are insulated. The
deflecting yoke does not provide neck support, as it does on
monochrome picture tubes, because the yoke must be moved during adjustments for purity.
More units must be taken off the neck of a color picture tube
than from a monochrome type before the tube is removed from
the chassis or cabinet. After removing the socket from the tube
base, the blue beam magnet and apurity coil or magnet assembly
will slide off over the socket. Ordinarily the convergence coils
remain on their support, but must be given enough freedom from
the tube neck to allow the neck to slide forward through these
coils and also the deflecting yoke. Metal shielding and any insulating sleeves for the bell and flare of the picture tube usually
should remain on the tube until after it has been removed from
the chassis.
When a color picture tube is replaced after removal it will be
necessary to make complete readjustment of purity, static convergence, dynamic convergence, and color balancing controls.
This is one reason why the picture tube should remain in place
during servicing operations, although great care must be used
to protect the tube and those working near it.

LONG DISTANCE FM RECEPTION—AN ANTENNA FOR
UHF TV BOOSTERS
This chapter will furnish you with data designed toward
helping to strengthen the TV signal in fringe areas. Much of
this material was furnished by the Engineering staffs of Sylvania
Corporation and the Popular Mechanics magazine.
Long Distance FM Reception.—The allocation of the f-m band
in the 100 mc region confines f-m reception essential to line of
sight coverage. However, since asensitive f-m receiver is capable
of completely noise-free reception of extremely weak signals,
surprising distances are covered regularly in good locations with
an adequate f-m receiver. Signals of five to ten micro-volts are

Figure 1. Four Dipole Receiving Array. Elevation View. Orient broadside to the direction
of the desired signals. LEGEND: All connections made with 300 ohm twin lead. Leads "A"
—Four equal length leads, any convenient length. Leads "B"—Two quarter-wavelength
impedance matching sections, 26" long. Phase connections as shown. (Rightside of all
dipoles connected together.)
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capable of providing 30db quieting on the best receivers, and, if
the man made noise level at the receiving location is not several
times this value, very good noise free reception is possible on f-m
with such minute signals. There are still many areas in the
country in which the standard band broadcast reception leaves
much to be desired during the summer months. In such areas it
is profitable to exploit the possibilities of f-m reception.
Few of us are fortunate enough to live on the top of amountain,
therefore, let us consider f-m reception in a valley or plains area
and how we can improve it. In ahilly or mountainous terrain f-m
reception in a valley may be poor simply due to the lack of adequate signal strength Occasionally, trouble is also encountered
from multipath reception which can be recognized by high distortion of the audio at certain levels of modulation, although the
average signal level appears quite adequate. One explanation for
this effect is that the signal is being received over two or more
paths; and at certain frequencies corresponding to particular
modulation levels, the signals arrive with such phase relationship
as to cancel the other.
This condition may be overcome by either of two opposite
modes of attack. The first method is to increase the directivity
of the antenna by adding reflectors or directors and orienting the
antenna to receive the signal from just one source. The disadvantage of this is that it is usually necessary to add a rotator to
the antenna.
In heavily wooded country the reflection conditions change
markedly with the seasons or with the presence or absence of
leaves on the trees. An alternate method of overcoming multipath
reception is to interconnect several dipoles whose physical dispersion is such as to prevent complete cancellation of signals in
all the dipoles at any one time. This method is particularly effective where the stations lie in opposite directions. A method of
connecting four folded dipoles together is shown in Fig. 1. This
array is matched to a 300 ohm line by means of sections of 300
ohm twin lead of the proper length. It can be inexpensively constructed from aluminum clothesline and mounted in the attic of
a house. It is bi-directional and has a theoretical gain of 6 to
7.9 db.

APPLIED PRACTICAL RADIO-TELEVISION

IMPEDANCE OF LINE BETWEEN DIPOLES
•280 OHMS - WIRE MAY BE ANY SIZE,
PROVIDED THE RATIO OF WIRE DIAMETER
TO WIRE SPACING IS MAINTAINED AT 5.3

Figure la. Antenna, showing design formulae for various spacing.
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If signals available are not strong enough to provide limiting
in the f-m receiver it is often possible to increase the sensitivity
of the receiver by the addition of a good wide band untuned
booster in front of the receiver.
Antenna for UHF TV Reception.—The performance of a
television receiver depends to agreat extent on the antenna installation. This is particularly true at uhf where the increase in
transmission line and propagation losses is such that, except in
local areas, some sort of high gain antenna is mandatory for
satisfactory reception. Fortunately, because of the high frequency
involved, high gain antennae may be produced which are not
physically clumsy.
The Antenna.—The antenna to be described here consists of
four folded dipoles with reflectors, stacked vertically. The construction is not difficult and excellent results are obtained. A
drawing of the antenna is shown in Fig. la together with the
design formulae for the various spacings. Models have been built
using both copper and aluminum tubing. Copper offers some advantages because it may be joined with solder; however, it is
considerably heavier. Various types of aluminum solder are available but they are not recommended because of their low resistance
to atmospheric corrosion and because they are somewhat difficult
to use. The use of bolts or rivets is preferable in aluminum fabrication for outdoor installations.
Performance.—The forward gain of an antenna of this type,
designed for afrequency of 525 mc, was measured at 11.7 db with
respect to asingle folded dipole. Horizontal and vertical radiation
patterns are given in Figures 2 and 2A. Although the antenna
is cut for a particular channel, satisfactory results may be expected over a range of several channels either side of the design
frequency.
The Transmission Line.—The antenna is designed to feed commercially available 450 ohm open wire transmission line. This
choice was made because of the considerably higher attenuation
of coaxial cable and 300 ohm twin lead lines. Table I gives
typical values of the db loss per 100 feet for the various types of
line. Obviously, one should employ a transmission line with the
lowest possible attenuation. Otherwise, it would be quite possible
to incur such a loss in the transmission line that the gain of the
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antenna would be completely nullified. Such a condition will
result from the use of 360 feet of dry or 59 feet of wet 300 ohm
twin lead line; 390 feet of dry or 115 feet of wet tubular 300 ohm
line; 120 feet of RG-59U; 230 feet of RG-11U, or 1400 feet of
450 ohm open wire line, with the 525 mc antenna described.
At the receiver end of the line, one of two things must be done,
depending on whether the receiver is designed to match 300 ohm
line or 50 or 75 ohm coaxial cable. In the first case, the line may
be matched to the receiver with a section of line 1/
4 wave length
long at the antenna design frequency and having a characteristic
impedance of 368 ohms. Alternately, a tapered line may be used.

Figs. 2 & 2A. Horizontal and vertical radiation patterns.

This consists of a section of transmission line that has an
impedance of 300 ohms at the receiver and changes gradually to
450 ohms over a distance of at least 2 wavelengths.
If the receiver is designed for a coaxial line input, a balun, or
balanced-to-unbalanced transformer must be used.
This antenna is but one of several types suitable for use at uhf.
However, the construction is not difficult, the measured performance has shown excellent agreement with the theoretical value,
and the gain is adequate for all but the most difficult locations.
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TV Boosters.—There are many towns in the U.S.A. where
television is received from astation located 60 to 125 miles away.
While there have been instances where a TV program has been
seen and heard as far away as 900 miles it is generally accepted
that 70 miles is about as far as aTV program can be seen without
using special devices of strengthening the signal.

APPLIED PRACTICAL RADIO-TELEVISION

437

There are basically two ways to increase a TV signal— (a) by
increasing the height of the antenna and (b) by using what is
known as TV Boosters. The installation of a TV booster may
increase the signal 5to 10 times. It is a comparatively simple job
to install a TV booster as the following article will indicate.
While manufacturers instructions should be followed for best
results we recommend these suggestions. To begin with, a TV
Booster is aself powered r-f amplifier unit connected between the
antenna and the receiver. rt is tuned to receive any of the 12
television channels from channel 2 to 13.
There are many types of TV boosters but most employ basically
the same general wiring circuit. A typical booster is illustrated
in these photos. In some TV receivers the twin lead antenna line
is permanently attached and extends a few inches outside the
back cover.
Care should be exercised when making connections with twin
lead transmission line. In our sample installation shown in the
photos disconnect the set from the power line outlet. Then remove
the back cover and tape the line just inside the cover as illustrated
in photo "A." Since the terminals on the booster are usually close
together (see photo "B") make sure that the fine strands of wire
are not shorting them. Use soldering lugs in the antenna twin
leads. The set power plug that goes in the receptacle on the rear
of this booster should make good contact (see photo C). The TV
set switch operates both units.
Some boosters employ more than one tube. One operates on the
low bands and the other on the high. When these tubes are the
same type an improvement may often be had by switching the
tubes from one circuit to the other, as indicated in photo "D." A
slight pressure on the top of the booster control knob while band
changing (see photo "E") will help you make the adjustment
accurately. The twin lead from the receiver that connects to the
output terminals of the booster should be as short as possible as
indicated in photo "F."
Servicemen in fringe areas will find it profitable to get as much
data as possible from manufacturers of TV Boosters. A list of
the leading companies making boosters can be found in any issues
of leading radio-TV magazines.
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Accompanying sound frequency, 97
Adjacent sound frequency, 97
video frequency, 97
Adjustments, see names of parts or tunetions.
Aerials, see Antennas
Alignment
antenna stage, 172-178
traps. 179
electronic voltmeter for. 40
connections to, 121-122
fixed bias for, 96, 111
generator connections for, 109
intercarrier sound. 143-160
input stage, 172-178
need for, 107
oscillator removed during, 122
oscilloscope. 35-39
connections to. 121-122
overall check, tuner and video 1-f, 189-191
picture tube removed during, 110
preliminary steps for, 109-113
ratio detector, oscilloscope. 154-160
voltmeter, 149-152
rectifier removed during, 110
Alignment, r-f
amplifier, 172-178
oscillator. 163
intercarrier sound, 186-189
oscilloscope for, 185-189
using sound i
-f for, 182-186
voltmeter for, 183
trap, 179
Alignment, shields removed for, 49
Alignment, sound
chapter relating to, 143-160
discriminator, oscilloscope for, 164-160
voltmeter for, 149-152
interstage couplers, oscilloscope, 152-154
voltmeter for, 148-149
preliminary steps, 147
takeoff, oscilloscope for, 152-154
voltmeter for, 148-149
Alignment, stage by stage, 136-188
trap, 113-118
antenna or r-f, 179
sound bars used for, 118
tuner. 161-192
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general instructions for, 161-170
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-f, 189-192
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Alignment, video i
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double peaked stage. 131-136
Instruments for, 120
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intercarrier sound. 139-141
overall check, with tuner, 189-192
oscillator removed during, 122
separate stages, 136-138
single peaked stages, 127-131
stage by stage, 124-125
stagger tuned stages, 127-131
amplifiers
audio, high voltage for, 323
voltage regulation from, 325-326
d-c, horizontal afc, 254
deflection. see Sweep amplifiers,
horizontal, magnetic, 270-278
plate voltage at, 278

magnetic deliection, 267-272
r-t. see Tunas.
Amplifiers—(Cont.)
sweep, see Sweep amplzfters.
sync, 221
vertical, electrostatic, 263
magnetic, 267-270
video, 202-203
waveform observations in. 291
video i
-f, 83-106
couplings for, 84-85
oscillation in, 141
antennas, 327-346
attenuator pad for, 172
coupler, alignment of, 172-178
dipole, 328-335
.Iirectional, 329-332
director for, 332
erection of. 345-346
folded dipole, 328
Impedance of, 336
matching to line, 336, 840, 841
lengths for, 329
location of, 342-344
matching stubs for, 341
orientation of, 342-344
position of, 342-344
reflector for, 330-332
stacked, 335
traps on, 102-104
alignment of. 179
two-band. 332-335
Associated sound frequency, 97
Attenuation. receiver, 86-87
Attenuator pad, 172
Audio. see Sound.
Automatic
brightness control. 214
gain control. 91-96
circuits for. 94
fixed bias during alignment, 95. 111, 148
voltage for, 93
sweep frequency control. see F/orisonted
a! e.

Rand width, broadening of. 85
r-f, adjustment of. 173-174
Bars, sound. appearance of. 117
trap alignment with. 118
Beam cutoff, power supply action for, 313
Bench, test, grounding of. 41
Beat, intercarrier. traps for, 104-106, 203
Bias, fixed, alignment use of. 95, 111, 148
picture tube, effects of, 207-211
Black level, 13
Blanking level. 13
Blocking oscillstor
action of, 227-231
discharge tube for. 231
sync polarity for, 236
waveforms from. 229
Booster, voltage, damper as. 281
Brightness, anode voltage effect on, 119111
control, action of, 205
automatic, 214
drive control effect on, 275, 277
Brilliance, see Brightness.
Broad band response. securing, 85
Buzz. intercarrier sound, 140, 160
B-voltage supply, see Power supplies.

Capacitance. stray. 5$

Carrier, frequencies for video and sound. 148
location in band or channel, 17
Cathode input, picture tube, 14
Center frequency, sweep generator, 80
Centering
controls for, 268, 301-304
electrostatic. 302
focus coil for, 304
magnetic, electrical method. 803
focus coil for, 304
Channels, frequencies in, 78
selectors for. see Tuners.
very-high frequency, 16-18
wavelengths of, 829
Clipper, sync, 221
Coils, deflection, 298
hairpin, adjustment of, 170
tuner, types of, 170
Color Television, 847-430
Combination wave, sawtooth and pubis, 284237
Component, d-c, signal, 211-213
Composite signal, 11-15
Continuous tuners, 65-56, 167-168
Contrast control, checking action of, Mt
Controls
automatic gain, 91-96
circuits for, 94
fixed bias alignment, 96, 111, 148
voltage for, 93
brightness, action of, 206
automatic, 214
centering. 301404
electrostatic, 302
focus coil used for, 804
magnetic, electrical method, 808
vertical, 268
Contrast, checking action of, 202
drive, adjustment of. 274-275
capacitor type, 274-277
picture tube anode voltage affected be,
276
resistance type, 272-274
waveforms of, 273, 276, 277
fine tuning ; 60
focusing, 299-301
adjustment of, 301
height, 238, 269
anode voltage effect on. 293
hold, 238-242
horizontal, adjustment of, 240-242
afc. see Horizontal tif C.
lock-in for, 241
pull-in for, 241
vertical, adjustment of, 241-242
horizontal arc, see Horizontal fife.
size, 238
output transformer type, 278
linearity, 282-288
amplifier bias for, 283-285
choke used for, 286
damper type. 285-287
Controls— (Cont.)
inductor for, 285
vertical, 284-285
peaking. 272-274
size. 238
horizontal, 272. 278
vertical. 269, 293
sweep frequency, automatic, ow Redeemtal afc.

vertical size, 269, 293
width, 238, 272. 278
Corona discharge, high-voltage. 312
Couplers, antenna, alignment of, 172-178
4ouble-peaked, 87-89
single-peaked, 87-89
Coupling, effect on resonance peaks. US
generator to receiver, 42-43, 1011
interstage, 125-126
video i
-f amplifier, 84-85
Crossover, S-curve, 157
Crystal detector, video, 197
Curve. S, crossover of, 167
oscilloscope, obtained on, 156-188
production of, 155-158
requirements for, 158

D
Damper, action of, 279-282
booster action of, 281
heater supply for, 321
linearity control oil, 285-887
triode tube for, 287
waveform from, 281
D-c amplifier, horizontal afc, 284
component of signal, 211-218
D-c restorer
action of. 213-216
diode for, 214-216
picture tube cathode circuit. 214
sync takeoff from, 218
test of, 216
triode for, 216
video amplifier type of, 213
waveforms from, 221
Definition, tube size effect on, 16
Deflection amplifiers
action of, 263-278
electrostatic, 263-267
horizontal, magnetic, 270-278
linearity control on, 283-288
plate voltage at, 278
magnetic, 267-272
vertical, electrostatic, 263
magnetic, 267-270
waveforms from, 269-270
Deflection coils, 298
waveforms from, 298
current, anode voltage and, 268
Deflection, electrostatic
amplifiers for, 263-267
push-pull, 268-265
oscillator direct connected for, MO
sawtooth inversion for, 265
single amplifier for, 266
waveforms for, 266
Deflection, magnetic
amplifiers for, 267-272
horizontal. 270-278
coils for, 298
sawtooth and square pulse for, 236-237
Deflection voltage and anode voltage, 298
yoke, rotating picture with, 299
Demodulator, sound, see Sound diacrionifeer
tor and Ratio detector.
Detector, crystal, 197
phase, 250-266
adjustment of. 252

Detector, crystal—(Cont.)
d-c amplifier with, 264
Probe, 26-26
Detector, ratio
action of, 79-82
alignment, oscilloscope. 164-160
Principle of. 147
voltmeter for, 149-152
circuit of. 146
Instrument connection to, 147
noise rejection in, 80-81
output connection to, 147
S-curve of, 155-158
Detector, video
action of, 193-198
circuits for. 196
crystal type, 197
polarity of signal from, 194, 198
test points for, 196, 197
waveform at output of, 199-201
Deviation, television sound, 148
Dipole antennas, 828-335
folded, 328
half-wave, 328
impedance of, 386
stacked, 335
Dit ectional al. ten nas, 329-332
Director, aMenna, 332
Discharge .nbe, blocking oscillator, 281
Discriminator, horizontal ate. 245-249
adjustment of, 249-250
Diseriminator, sound
action of, 79
alignment, oscilloscope, 154-160
principle of, 146
voltmeter for, 149-152
circuit of. 144-160
instrument connection to, 145
output connection to, 145
S-curve from, 155-158
Distance, transmission, 327
Divider, voltage, electronic voltmeter. 47-49
Double-peaked response, coupling effect on,
132
transformer, response of, 136
tuning, 87-89
video i
-f alignment, 131-136
Double-superheterodyne converter, $88
Doubler, voltage, 313-315
Dressing of conductors, 49
Drift. frequency, r-f oscillator, 68-60
Drive control
adjustment of. 274-275
capacitor type, 274-277
Picture tube voltage affected by. 276
resistance type, 272-274
waveforms from, 273, 276, 277

E
Electronic voltmeter
action of, 39-41
alignment by means of, 40
connections for. 121-122
detector probe for, 25-26
filter probe for, 36-48
r-f oscillator alignment with, 183, 188
sound alignment with. 148-152
video detector for, 47-48
Electrostatic centering, 302
Electrostatic deflection
amplifiers for, 263-267
Push-pull, 263-266
oscillator direct connected for, 260
sawtooth inversion for. 256
single amplifier for, 266
waveforms for, 266

Electrostatic picture tube
basing connections for. 289-290
power supp,y for, 44
rotation ot picture with, 299
voltage on. 290
equalizing pulses, 11

Feedback, video i
-f amplifier, 141
Fidelity, color, 379
Fields, color, 354-357
oscilloscope frequency for, 200
Filter, color, 349-351
horizontal ate, 248
sync, 223-226
Integrating, 224
Probe, 36-37
sync separation, 223-226
vertical sync, 223-226
Fine tuning control, 60
Fixed bias, alignment, 95, 111, 148
Flashover, high-‘oltage, 819
Flyback power supply, 43, 809-815
Focusing
coil, centering with, 804
position of, 301
control, 290-301
control, 299-501
adjustment of, 301
electrostatic, 300
magnetic, 300
Folded dipole antenna, 328
impedance of, 336
Foster-Seeley discriminator, 79
Frames
oscilloscope frequency for, 200
Free running frequency, 239
Frequencies
accompanying sound, 97
adjacent sound and video, 97
associated sound, 97
carrier, video and sound, 178
center, sweep generator. 30
channel, very-high, 178
drift of, r-f oscillator, 58-60
free running, 239
image, interference from, 103
intermediate, oscillator effect on, 76, 180
sound, amplifier response, 75
video i
-f, 87
video-sound relations, 71
responses at, see Response, frequency.
r-f oscillator, effects of, 180
television, 15-16
Fringing, color, 380
Front end, see Tuners.

G

control, automat!.
action of, 9-96
circuits for, 94
fixed bias during alignment, 95, 111, 148
voltage for, 93
Gain, oscilloscope measurement of, 201
Generators, sweep, see Sweep oscillators.
Generators, test
attenuator pad for, 172
impedance matching for, 171
marker type, see Market generator.
sweep type, see Sweep generator.
Germanium crystal rectifier, 197
Grid input, picture tube, 15
Grounding of instruments, 42
G•ill

Hairpin inductors, adjustment of. 170
Half-wave dipole, 328
lengths for. 829

Heaters, series, polarity check of, 122
Height, anode voltage effect on. 293
controls for, 288, 269
High-voltage power supplies, 48-44, 1107-135
Hold controls
action of, 288-242
horizontal, adjustment of, 240. 241-143
afc, see Horizontal aje.
lock-in and pull-in of, 241
vertical adjustment of. 241-242
Borisontal sic (automatic frequency eattroll
chapter relating to, 243-262
d-c amplifier and phase detector, 254
diode for oscillator bias, 260-262
discriminator for, 246-249
adjustment of, 249-260
filter for, 248
hold control action on, 252-254
multivibrator and phase detector, 254-818
adjustment of, 256
noise filter for, 248
oscillator bias type of, 256-260
adjustment of, 268-260
phase detector for, 250-266
adjustment of, 252
reactance tube for, 243-246
triode oscillator bias for, 256-260
waveforms from. 258, 258
Horizontal amplifier, magnetic, 270-271
linearity control on, 283-286
plate voltage at, 278
drive control, see Drive control..
filter, sync. 223-226
hold controls, 238-242
adjustment of, 240, 241-242
linearity controls, 282-288
size controls, 238
drive control effect on, 272
output transformer type, 278
sweep, automatic frequency control etsit.
see Horizontal af C.
sync pulse separation, 223-226
waveforms for, 219-221. 225

amplifier. sound, 76
video, see Video i
-f amplifier.
Image frequency interference, 102
Impedances
antenna, 836
matching, antenna-line, 886. 848, 841
generator to receiver, 171
stubs for, 841
transmission line, 336-888
Inductors, hairpin, adjustment of. 179
tuner, types of, 170
Inductuner, 168
Input, antenna, alignment of. 172-178
Inputuner, 168
Instruments, see also individual names
grounding of, 42
high-voltage connection of. 46
setups for, 41-48
Integrating filter, 224
Intensity, see Brightness.
Intercarrier beat, traps for. 104-198. In
interference. 104
Interearrier sound
action of, 72-78
alignment for. 143-160
buzz with, 140, 160
oscillator tuning effect on, 76
overall video response for, 140
r-f oscillator alignment for, 186-180
trap for shelf on response. 140
video i
-f alignment for, 139-141
Interchannel interference. 104

Interference
high-frequency pattern showriet. Ill
image frequency, 108
intercarrier, 104
traps for, see Traps.
Interlacing, defective, 270
Interlock, power supply, 46
Intermediate frequencies
oscillator effect on, 76, 180
sound, amplifier response, 18
video i
-f, 87
video-sound relations, 71
Interstage couplers, 125-126
Ion trap, 364-306
adjustment of, 806
Isolating transformer, need for, 42

Levels, signal, 13
Limiters, sync, 221
Lines, oscilloscope frequency for. 288
transmission, 887-342
impedance of, 386-888
losses in, 344
matching impedance of, 884. 848, 841
Linearity
controls for, 282. 288
amplifier bias for, 288-286
choke for. 286
damper type of. 285-287
Inductor for, 285
vertical, 284-285
drive control effect on. 278-274. 275. 177
height control effect on. 282
troubles with, 287
Load, video detector, test points on, 194. 191
Local oscillator, see R-f oscillator.
Low-voltage B-power supply. 820-321

Magnetic centering, electrical method, 888
deflection amplifiers, 267-272
horizontal, 270-278
coils, 298
sawtooth and square pulse for, 184-281
focusing, 300
picture tubes, 291-292
basing connections of. 292
power supply, 4, 48
Harker generators
action of. 81-86
attenuator pad for, 172
calibration of, 84
connections for, 32, 109
coupling from, 43
frequencies required from, 34
impedance matching for, 171
markers produced by, 34
output required from, 35
use of, 84
Markers, identifying at trap fraoseemlaa
119
production of, 88-34
Masks, picture tube, 293-296
Matching, generator impedance, el
stubs, at receiver, 341
transmission line, 336. 840, 341
Measurements, voltage, 43-49
Mixer, see Tuners.
r-f oscillator coupling to. 68
Multiplier, voltage. 313-815
voltmeter type of, 46-48
Multivibrator oscillator
action of. 282-236
horizontal afc, adjustment of, 1124
phase detector with, 254-256
sync polarity for, 236
waveforms from, 286

N
Negative pulse, sawtooth with, 286-887„ 271
feedback producing, 276-277
Noise rejection, ratio detector, 80-81

o
Orientation, antenna, 342-344
Oscillation, video i
-f amplifier, 141
Oscillator, blocking
action of, 227-231
discharge tube for. 231
sync polarity for, 216
waveforms from, 220
Oscillator, free running frequency, 889
local. see Oscillator. r-f.
multivibrator, see Mu/tivibrator.
power supply, see R.f power supply
r-f (See also Tuner)
alignment of, 163
intercarrier sound, 186-189
oscilloscope for, 186-189
sound i
-f used for, 182-186
voltmeter for. 183
disable for sound alignment, 148
frequency drift in, 58-60
effects of, 180-182
operating, 57
intermediate frequencies affected by. 74
mixer coupling from, 68
switching for. 63-64
types of, 58
Oscillator. sweep
action of, 227-242g
blocking type, 227-231
discharge tube for, 281
sync polarity for. 236
waveforms from, 229
horizontal arc, see Horizontal ale.
multivibrator, 232-236
horizontal afc, adjustment of. 11116
phase detector with. 254-266
sync polarity for, 236
waveforms from, 236
Oscilloscope (See also Response, frequanoY
and Waveforms)
action of, 36-39
alignment connections for, 121-122, 266
detector probe for, 25-26
filter probe for, 36-87
frequency response required, 26
gain measurement with, 201
phasing control for, 28-29
r-f alignment with, 174-178
r-f oscillator alignment with, 185-189
S-curves formed on, 155-158
sensitivity required in, 36
sound alignment with, 162-160
sweep synchronizer for, 28-29
synchronizing for waveforms, 200
traces, inversion and reversal of, 87
video amplifier output on, 201
detector output on. 199-201
test points for, 196-197
voltage measurement with, 38-89
waveform observation with, 198-202, 219221
Overall alignment testa, 189-192
tuner adjustments, 166-168
video f-f response, 137-139

Pads, attenuator, 172
Impedance matching, 171
Peaking, control for, resistance type, 272274
coupling effect on, 126, 182
response, regeneration causing, 141

Peak-to-peak voltages. 39
Phase detector, 250-256
adjustment of, 262
d-c amplifier with, 254
Phasing control, sweep. 28-22
Picture area, 293-296
Picture tubes
anode voltage on. 293
drive control effect on, 276
bias, effects of, 207-211
cathode input to. 14, 206-207
signal polarity for, 194, 198
d-c restoration at, 214-216
electrostatic, basing connections. 189411111
power supply for, 44
rotating picture with, 299
voltages on, 290
grid input to, 15, 206
signal polarity for, 194, 198
handling of. 44, 295
input circuits for, 205-216
magnetic, 291-292
basing connections for, 292
power supply for, 48
masks for, 293-295
power supply for, 807-826
removal and replacement of, 294498
rotating picture with, 299
service on, 289-306
signal polarity to, 194, 198
Pips, marker, identifying at trap frequencies. 119
production of, 33-34
Plate-cathode series power supply circuit;
322-326
Plateau, intercarrier response, 140
Polarity, picture tube input, 194, 198
sync, to oscillator. 236
video detector output. 194, 198
Potter sweep circuit. 232
Power rectifiers, series. 307-308
Power supplies
action of. 307-326
capacitor discharge In, 44
corona in, 319
electrostatic picture tube, 44
filter capacitance for, 310
flashover in, 319
flyback type, 43, 109415
beam cutoff with. 313
high-voltage, 43-44, 307-322
rectifiers for, 318-319
interlock for. 46
low-voltage B-, 120-322
series plate-cathode, 322-326
magnetic picture tube. 43. 809-81b
r-f type. 315-318
feedback for, 316-317
adjustment of, 317
voltage adjustment of, 318
series plate circuits in, 322426
shielding of, 313, 318
sixty-cycle type, 309
voltage doubler for, 818415
Probe, detector, 25-26
filter, 36-37
Pulses, equalizing,
sync, 11

11

Push-pull amplifier, electroetatie deflection
263-266

Rastier, characteristics of, 7
meaning of, 8
Ratio detector
action of, 79-82
alignment, oscilloscope. 154-140
principle of. 147
voltmeter. 149-162

Ratio detector—(Cont.)
circuit of, 146
instrument connections to, 147
noise rejection in, 80-81
output connection to, 147
S-curve of, 155-168
Reactance tube, horizontal ate, 243445
Receiver attenuation, 86-87
sections of, 3
Rectifier, high-voltage, 318-319
filament temperature test. 819
power, series connections, 307-308
Reflector, antenna, 330-332
Regeneration, video i
-f amplifier. 141
Regulation, voltage, audio amplifier foe.
325426
Reinsertion, d-c, see Restoration, d-e.
tesonant lines, 884-885
(espouse, frequency
broad band, securing, 86
coupling effect on, 132
inversion and reversal of traces. III
peaks due to regeneration, 141
phasing of curves for, 28-29
r-f. 74
band width adjustment, 178-174
sound i
-f amplifier, 75
stagger tuning, 89
trap effect on, 118
video i
-f, 74, 85-87
alignment changes of, 181. 1311
couplers, 137
Intercarrier sound, 75, 189-141
intermediate stages, 187
overall, 137-139
Peaks in, 141
requirements for, 118419
stages, 127, 129
trap effect on, 97, 118
Reatoration, d-e
action of, 213-216
diode for, 214-216
picture tube cathode circuit, 214
sync takeoff from. 218
test of. 216
triode for, 216
video amplifier method, 218
waveforms from, 221
R-f alignment. 172-178
amplifier, see Tuners.
band width adjustment. 178-174
R-i oscillators (soe also Tuners)
action of, 58410
alignment of, 163
intercarrier sound, 186-189
oscilloscope for, 185-189
sound 1-f used for, 182-188
voltmeter for, 183
disabled for sound alignment, 148
frequency drift in, 58-60
frequencies for, 57
frequency, effects of, 180-182
Intermediate frequencies affected by, 78
mixer coupling from, 58
rotary switch for, 63-64
types of, 58
R-f

power supply,

315-318
feedback for, 316„ 317
adjustment of, 317
voltage adjustment of, 919
response curve, 74

trap, 102-103
alignment of, 179
Rotary switch tuners, 182-185
turret tuners, 165-167

Sawtooth voltages
inversion, electrostatic deflection. 2611
negative pulse formed on, 271. 276-277
Production of, 230-231
square pulse with, 236-287
waveforms from, 229
Screen, masks for, 293-296
S-curve, crossover of. 157
obtaining on oscilloscope. 116-168
production of, 166-168
requirements for. 168
Selectors, channel, see Tuners.
Separation, horizontal-vertical pulses, 22E226
sync from video, 207-209. 218
Separators, sync, 221
Series heaters, polarity check of, 322
plate-cathode power supply circuit, 322326
Shelf, intercarrier sound response, 140
Shielding, alignment through, 49
precautions with, 178
Shorting switch, tuners with, 188-165
Sidebands, carrier. 17
Signal, attenuator for, 172
composite television, 11-16
frequency limits of, 17
generators, see Marker Generator and
Sweep Generator.
television. 11-15
types of in receiver, 7-9
Single-peaked tuning, 87-89
video i
-f alignment, 127-131
Size control, horizontal, 238
vertical, 269
Skewing of picture, 299
Slugs, alignment, types of, 169
Sound
accompanying, 97
adjacent, 97
alignment for, 143-160
bars, appearance of, 117
trap alignment with, 118
carrier, location in channel, 17
frequencies of, 178
demodulators, see Ratio detector and
Sound Discriminator,
deviation for, 148
Sound discriminator
action of. 79
alignment, oscilloscope, 184-160
principle of. 146
voltmeter for, 149-162
circuit of, 144-146
instrument connection to, 148
output connection to, 146
S-curve from, 165-158
Sound i
-f amplifier response, 76
alignment, oscilloscope, 162-164
voltmeter, 148-149
Sound, intercarrier
action of. 72-73
alignment for. 143-160
buzz with. 140, 160
oscillator tuning effect on. 76
overall video response for, 140
r-f oscillator alignment for, 186-189
trap for shelf on response. 140
video i
-f alignment for, 139-141
Sound intermediate frequencies, 87
ratio detector, see Ratio detector.
r-f oscillator effect on, 76
section of receiver, 71-82
alignment methods for. 143-100
Sound takeoff.
action at, 77-79

Sound takeoffs—Wont.)
alignment. oacilloscope. 162-114
voltmeter for, 148-149
locations of. 72
trap effect of, 100
Square pulse on sawtooth, 238-287, 271.
276-277
Stacked antenna, 335
Stagger tuning, 88-91
alignment, 127-181
Stubs, matching, at receiver, 841
Sweep amplifiers
action of, 263-279
electrostatic, 263-267
horizontal, magnetic, 270-278
linearity control on, 283-285
plate voltage at, 278
magnetic, 267-272
vertical, electrostatic, 263
magnetic, 267-270
waveforms from, 269-270
Sweep frequency, automatic control of. awl
Horizontals al C.
Sweep generators
action of. 19-25
adjustment of, 34
attenuator pad for, 172
center frequencies of, 80
connection of, 32, 109
coupling from, 42-43
frequencies required from, 29-80
impedance matching for, 31, 171
output effect on scope trace, 22
output required from, 30-31
phasing unit for, 28-29
requirements for, 29-31
sweep rate of. 21
width required from, 20, 80
synchronized sweep for, 26-29
unit for, 28-29
trace produced by, 24
Sweep, horizontal, sutomatic control of,
see Horizontal ale.
Sweep oscillators
action of, 227-242
blocking type, 227-231
discharge tube for, 231
sync polarity for, 236
waveforms from, 229
horizontal afc, see Horizontal efe.
znultivibrator, 232-236
horizontal afc, adjustment of, 256
phase detector with, 254-256
sync polarity for, 236
waveforms from, 235
Potter circuit for, 232
sync polarity for, 236
Sweep, synchronized, 26-29
phasing unit for, 28-29
Switch, rotary, tuners with, 162-165
shorting, tuners with, 163-165
Sync (Synchronizing)
amplifiers, 221
clippers or limiters, 221
polarity, for oscillator, 236
pulse, voltage measurement of, 88-89
section of receiver, 217-226
action in, 222
filters in, 223-226
pulse separation in, 223-226
tubes used in, 221-223
waveforms from, 219-221
separation, vertical-horizontal, 207-209,
223-226
separators, 221
takeoff points, 218
Synchronized sweep, 26-29
phasing unit for. 28-29

Takeoffs, sound, 77-79
alignment, oscilloscope,
voltmeter for, 148-149
location of, 72
trap effect of, 100
sync, 218
Television

channels,

162-164

16-18

Television, color, 347-430
Television frequencies, 15-16
receiver sections, 8
signal, 11-15
Test setups, 41-43
series heater polarity for, 822
Tilting of picture or pattern, 299
Transformer», coupling
double-peaked, alignment of, 181-1811
response of, 136
interstage, 125-126
sound i
-f, alignment, scope, 152-154
alignment, voltmeter for. 148-149
Transmission distance, 327
lines, 337-342
impedance of, 336-338
impedance matching for, 886, 840. 241
losses in, 344
vestigial sideband, 16, 85-87
Traps
accompanying sound, location, 111
alignment of, 113-118
sound bars used for, 118
antenna circuit, 102-104
alignment of, 179
circuits used for, 98, 102
frequencies for, 100
intercarrier beat, 104-106, 208
sound shelf, 140
interference types of, 96-104
ion, 304-306
adjustment of, 306
location of, 99
narrow band amplifier, 100
need for, 96-97, 100
r-f, 102-103
alignment of, 179
sound takeoff as, 100
types of, 98-100
video i
-f response affected by, 118
Trimmers, tuner,
166-168

overall adjustment with,

Troubles, preliminary tests for,
table for locating, 4
Tubes,

see names of types,
parts in which used.
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funcUons,

Tuners
action of. 51-70. 161-170
alignment of, 161-192
check, with video i
-f, 189-192
general instructions for. 161-170
inductor of coil types for, 170
r-f amplifier, 172-178
antenna connection to, 60-62
continuous, 55-56, 167-168
eight channel type. 66-67
inductors used in, 170
overall trimmers in, 166-168
parts of, 3
rotary switch types of, 52-55, 62-64,
162-165
shorting switch types of, 64, 163-166
turret types of, 67-68, 165-167
two-band continuous, 56, 68-70, 167
types of, 60-62, 161-170
ultra-high frequency, 886

or

Tuning
capacitance for, 58
methods of, 52-66
single-peaked, 87-89
staggered, 88-91
video i
-f stage, 87-91
wand for, 170
Turret tuners, 67-68, 165-167
Two-band antennas, 332-835
tuners, 66, 68-70, 167
V
Vacuum

tube voltmeter, see Electromio
voltmeter.
Verticle amplifier, electrostatic, 268
magnetic, 267-270
waveforms from, 269-270
filter, sync, 223-226
hold control, 238-242
adjustment of, 241-242
linearity control, 284-286
size control, 269
sync pulses, 11
separation, 223-226
waveforms from, 219-221, 226
Vestigial sideband transmission, 16
receiver attenuation for, 86-87
Video amplifier, 202-208
waveform observation on, 201
carrier, frequencies for, 178
location in channel, 17
Video detector
action of, 193-198
circuits for. 196
crystal type, 197
signal polarity from, 194, 198
test pointa for, 196-197
waveform at output of, 199-201
Video
alignment, 118-125
double-peaked stake, 131-136
instruments for, 120
connections of, 123-124
intercarrier sound, 189-141
overall check of, 189-192
r-f oscillator removed for, 122
separate stage, 186-188
single-peaked stage, 127-131
stage by stage, 124-125
stagger tuned stage, 127-181
amplifiera, 83-106
couplings in, 84-86
oscillation in, 141
overall check of, 189-192
couplers, 187
responses, 74, 85-87
alignment changes of, 131, 186
interrarrier sound, 76, 189-141
intermediate stage, 137
overall, 137-139
Peaks in, 141
requirements for, 118-119

Video i
-f (Cont.)
stage, 127, 129
touchup adjustments for, 188
trap effect on, 97, 118
traps in, see Traps.
tuning in, 87-89
Video intermediate frequencies, 87
Video-sound i
-f amplifier. see Video i-1.
Video-sync separation, 207-209, 218
Voltage
booster, damper as, 281
divider, electronic voltmeter, 47-49
series tubes for, 322-326
doublers, 313-316
measurements, 43-49
horizontal amplifier plate, 278
oscilloscope for, 38-89
multipliers, power supply, 818416
voltmeter type, 47-48
peak-to-peak, 39
receiver. 43
regulation. audio amplifier for. 825-829
sawtooth, see Sawtooth voltages.
Voltmeter, electronic, see Electronic voltmeter.
high-voltage connection to, 45
prods for, 45

Wand. tuning, 170
Waveforms
blocking oscillator, 229
damper tube, 281
deflection coils, 298
drive control, 278, 276-277
electrostatic deflection, 266
horizontal arc, 253, 268
sync, 225
multivibrator oscillator, 285
observation of, 198-202, 219-221
peak-to-peak voltage in. 89
savrtooth, 229
sync filter. 225
section, 219-221
vertical amplifier, magnetic, 269-279
sync, 225
voltage measurement on, 38-39
Wavelengths, channel, vhf, 829
uhf, 382
Wave traps, see Traps.
White level, 13
Width
anode voltage effect on. 298
controls, 238
output transformer. 278
drive control effect on. 272
Wiring, dressing of, 49

Y
Yoke, deflection, 298
rotating picture with,

299

I
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