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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 AD-
VERTISING MEDIUM provides some idea of the future oppor-
tunities 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 pro-
ceeded 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 fur-
nished 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 par-
ticularly for field reference—a book that shows how radio knowl-
edge can be applied to help solve television problems. You will
see in this book that while television is NEW it nevertheless com-
bines 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 en-
ables a man to easily acquire a knowledge of television servicing.
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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 TELEVI-
SION 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, ete., 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 re-
quired 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 pre-
pared 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 RA-
DIOMAN 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 PRAC-
TICAL TELEVISION SERVICING AND TROUBLE SHOOT-
ING MANUAL and that it will become increasingly valuable
the further you go into the great field of TELEVISION,

CNGFST V)

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 per-
formance in a radio 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 a great deal of time. To save time we must reduce

Fig. 1-1.—Test patterns are designed to help make service adjustments and
locate troubles.
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television servicing to a system 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. 1-2.—The appearance of the raster helps locate certain tr

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. aithough 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 down-
ward. 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 prob-
ably 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 ampli-
fier, mixer or converter, r-f oscillator, and whatever tuning and
switching arrangements are used for channel and station selec-
tion.

B. I-f amplifier for sound and video. This is any portion of the

C
Sound Section
E
2 £ 0 Picture Tube
Tuner |— \-F Video Section
Amp-
t A 4 j A
F G
Sync Sweep
Section Section
1 H
Low j . J High
Voltoge Voltage ~

Fg 13.-As o first step in trouble shooting we try to localize the fowk
ome of these major sections.
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i-f amplifier which is ahead of the takeoff for sound or ahead of
sound-video separation. ,

C. Entire sound section, from takeoff through the loud speaker.

D. Entire video section. The remainder of the video i-f ampli-
fier, the video detector, video amplifier, d-¢ 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
the sweep generators or oscillators.

G. The sweep section. The sweep generators or oscillators, out-
put amplifiers. and all else up to and including the deflection coils
or plates of the picture tube.

H. The high-voltage power supply which feeds the high-voltage
anodes of the picture tube.

L. The low-voltage power supply which feeds all other circuits

o
§| g gl >
PATTERN $ % % '§ g 8 ] E
: %3
oR |Rraster |souwp |, £ |& g alv g
HEIEIE 8¢5 &
PICTURE E MR8 B|lad &|& &
Good Good Bad 2 1 3
Poor Good Bad 11112183
Poor Poor Good 3|3 312 1|8 3
Poor Good Good 1 82
or None
Poor Poor
or None or None Bad 1/1|13|3 38]/]3 1|8 2
None Good Bad 1/113|2 8|3 2
None Poor Good 2 2|2 112 3
None None Good 3 3|3 112 3
Fig. 1-4.—Probable locations of faults as indicated by the picture tube and

loud speaker of the receiver.
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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 intersec-
tions are numbers corresponding to the order in which the major
parts should be examined.

As an example, the first combination of conditions includes &
good pattern or picture, good raster. and bad sound. The numbers
1, 2 and 8 show that we should examine first the sound section,
second the tuner. and third the low-voltage power supply, this

Fig. 1-5.—This pattern indicates that the horizontal sweep oscillator is
slightly out of synchronization.

latter only in case there is a separate 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
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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 8.

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 8.
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. 1-6.—This pattern shows poor response ot 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 ex-
planation.

Now let’s assume that our preliminary observations have indi-
cated 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.

Fig. 1-7.—Typicol mormol response of circuits betwesn antensa 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 a typical 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 a receiver
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. 1-8.—This response would be normal for a certain type of video i
amplifier, from mixer ta video detectar.

will cover the entire 6 megacycles of a channel, for in these sec-
tions 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 a single-frequency generator but more often by a sweep gener-
ator 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 re-
ceived 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 a normal waveform taken in a video
amplifier. The other path extends from the sync takeoff all the
way through the sync and sweep sections to the picture tube de-
flection circuits. Fig. 1-8 shows a normal waveform observed
in the circuit of a sweep oscillator. Variations from normal wave-
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forms indicate trouble, usually give definite clues as to its kind,
and locate the fault in a particular stage or circuit by suitable con-
nection 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 avbplied 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 front-
panel controls, those which are accessible to the user.

Ryg. 1-10.—This trace shews the output of a vertical sweep oscillotor.
(Courtesy of Motorola Inc.)
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4. See that all tubes are lighted, that metal tubes are hot.

S. 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 a great 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 neces-
sary 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 equnalizing 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.
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lowing horizontal sync pulse the interval is only that for a half-
line, 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,

Horizontal

’ . 4 Sync
Vertical l
—Y—J .
Picture E SV"".C. .) Picture
(eoTTOM) qualizing (Top)

Vertical Blanking

\__V—J \_T—J
Picture Picture
(soTToM) (ToPr)

Fig. 1-11.—Here are represented the several kinds of moduiation 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 half-
line interval following the last equalizing pulse. At the right-hand
gide 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 car-
rier. 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 blank-
ing voltage, since it makes the picture blank. All voltages higher

{1 O 11

1 1

Fig. 1-12.—This is the portion of the television signal 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
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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. 1-18, by applying the signal voltages to the cathode instead
of to the control grid of the picture tube, and holding the grid at
a fixed 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 black-
level voltages make the cathode much more positive. The result
is an increase of voltage difference between cathode and grid,

White

Fig. 1-13.—The television signal may be opplied 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 nega-
tive. 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 whltle level must be made the
highly positive side and the black level the less posmve side of
the signal. The polarity of this or any other signal is easily in-
verted by passing it through a triode or pentode tube. In any tube
having a control grid and a plate, the polarlty of signal voltages
in the plate circuit is opposite to their polanty 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
gection 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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Rg. 1-14.—This is the portion of the television signol which synchrealzes
travel of the picture tube beam with the picture signols.
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forms observed with the oscilloscope used anywhere in the syne
section or in the sweep section of the receiver.

Television Frequencies.—The highest frequency in the demodu-
lated 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 me (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 alter-
nate uniform :.reas of black and white there would be about 210
of each shade. On a 12-inch picture tube with a raster 1014 inches
wide, each black or white area would be about 1/40 inch long. No
smaller detail should be reproduced or “resolved.” On a T-inch
tube, with a raster only 6 inches wide, each alternate black or
white area still could be 1/40 inch long with a video frequency of
only about 214 me.

The lowest frequency in the television signal is the field fre-
quency, 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 fre-
quency with double sideband transmission, as used in sound
broadcasting, each channel would have to extend through 8 mec
plus something extra for sound and for separation from adjacent
channels. But television broadcasting, including sound, is carried
out in channels only 6 mc wide by using vestigial sideband trans-
mission, 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 side-
band 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 8/4 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 415 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 me below the
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fig. 1-15.—Distribution of frequencies in one chonnel with vestigiel
sideband transmission.

high-frequency limit of the channel, and there is an extra 14 me
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-me 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 radi-
ated powers or voltages with respect to the various frequencies
included in a channel.
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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 uni-
form 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, blank-
ing, 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
a range of frequencies 6 me 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 trans-
mission in that channel should be amplified, while frequencies
outside the channel should not be amplified. The amplification
or gain for a certain 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.

Goin of R-F Amplifier

‘ Signal Range
i
]
]
)
!
6mc
Cc
%sc hannel 5 gg

fig. 2-1.~A gain curve or response curve fer o funer set for reception in channel §.

It would be possible to check or measure the response of a tuner
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 me
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 re-
sponse 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 a sweep
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 con-
tinually and automatically shifts back and forth through a range
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 a sweep
generator adjusted for channel 5 its frequency might be made to
sweep back and forth between 74 and 84 mc as shown by Fig. 2-2.

|€¢——— Sweep >
I Response {
| [
| Stk N [
l : b
[ ] l
| ! PN [
I : il
o i\
; la' U\l !
| |
\ j€«———— Channel ——— > !
74 T 82 84
mc mcC mcC me

Fig. 2-2.—The frequency from the sweep generator shifts back and forth over
a range somewhat greater than that of chonnel frequencies.

This sweep would extend from 2 mc below the lower limit of the
channel all the way through to 2 mc above the upper limit.

In the next few pages we shall use frequencies in channel 5 to
illustrate how some test instruments may be used. This will make
it possible to talk about definite frequencies as specified in mega-
cycles. It must be understood, however, that the same principles



TELEVISION SERVICE INSTRUMENTS 1

would apply in all other channels with no changes other than is
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 repre-
sented as in Fig. 2-8. This curve showing how frequency varies
with respect to time looks like the familiar sine wave of alter-
nating voltage. It actually is a sine wave because, nearly always,
the rate of frequency sweep is controlled by an alternating volt-
age secured from the a-c power or heater circuits of the genera-
tor, wherein the frequency is 60 cycles or is the line frequency.

The output voltage of a sweep generator is adjustable by means
of an attenuator control to any value between approximately

Center Center Center Center
MIN. 79 MAX. 79 MIN. 79 MAX. 79
74 ) i 74 ! 84 .
1 1 | | 8 .
' ] N 1 ] ] |
84 J | !
1 1l 1 1 |
! 0 !
Generator 1 ) : :
Output 1
Frequency 1
)
74 1
me |

»>— l/so Second —>
Rg. 2-3.—Variations of sweep generator frequency with respect te time.

zero and a considerable fraction of a volt. If this output is ap-
plied directly to the vertical input of an oscilloscope, with no
amplifier in between, the vertical travel of the beam in the oscil-
loscope 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 deflec-
tion 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 instru-
ment — 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 with-
in 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

T
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Fig. 2-4.—At very low frequencies the scope frace 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 a straight 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 far-
ther 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

Oscilla-
scope

Sweep
Generator

VERT.
CUINPUT -

|- Funer o0

Fig. 2-5.—Voltage from the sweep generator is amplified in the tuner and
applied to the oscilloscope.

output of the tuner to the vertical input of a scope. 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 fop 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




M APPLIED PRACTICAL RADIO-TELEVISION

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

)
74 me 84 mc 74 me

My. 2-6—Amplification of generator output voltage occurs only ot frequendss
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 observa-
tions 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 re-
moved 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 videe
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 fre-
quencies 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 a typical 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

Clip Shield Con " Shield
Rg. 2-7.~A detector probe wing e crystal dieds,
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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 0.006 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. Quarter-
watt resistors are amply large in both places.

The entire unit must be enclosed in a non-magnetic metallic
ghield. Some shield cans made for small tubes may be adapted

Upper Envelope

s ./ \

74 mc 84 mc 74mc

\ S\ va

Lower Envelope
Fig. 2-8.—Either envelope may appear as the trace ofter 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 satis-
factory, or a small 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 micro-
phone 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 a small 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, capaci-
tor 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

e
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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,
i8 more satisfactory, makes use of a synchronized sweep voltage

Travel
of Beam

/
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mc¢
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Mg 39 ~How forward ond relurw fraces e superimposed and syachronized.
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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 fre-
quency variation of Fig. 2-3. This sweep voltage is applied to
the horizontal input of the scope to make the beam in the cathode-
ray 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 half-
cycle 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 me.

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 syn-
chronized 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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Rg. 2-10—A drewit for phasing horizontal deflection in the oscilloscope with
the sweep of frequency from the generator.

Resistor R is a potentiometer or rheostat of 50,000 ochms 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 adjust-
ment point with which the two traces or curves will come to-
gether. If they are alike, the two curves will appear as one.

Phasing circuits for the horizontal synchronized sweep may be
built into the sweep generator 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 6.8
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 televi-
sion receiver the generator tuning must be adjustable to any
carrier frequency or any intermediate frequency which may be
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encountered. Carrier frequencies in channels 1 to 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 mec. In
receivers using intercarrier sound systems the sound inter-
mediate 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 fre-
quencies. 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 genera-
tor, 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 chan-
nel width of 6 me. 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 a maximum of 8 to 10 me.
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 a minimum of as near zero as possible through to a maxi-
mum of at least 0.1 or 0.2 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 con-
stant 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 signi-
ficance 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 ter-
minals 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 a ground terminal. Other
receivers are designed for use with a 75-ohm unbalanced trans-
mission 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 connec-
tion with the subject of tuner alignment will be shown some
matching pads which may be used when there are no such pro-
visions 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 a marker always is
used without modulation, with a pure r-f output.
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Maorker Generoor

Sweep
Generotor

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

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 a case in which the output of the sweep generator is vary-
ing between 74 and 84 mec, while the output of the marker
generator is constant at 80 mec.

Trace . Trace

Sweep of Frequency

Marker
Frequency

Fig. 2-12.—A marker preduced by beating of frequencies from the twe generaters.
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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
a video i-f amplifier. Each of these markers would exist when the

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

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 compo-
sition 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 mc 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 unmodu-
lated or else modulated. The percentage modulation should be
known, or should be adjustable in known steps or with a cali-
brated dial. As with all test equipment, the output cable should
be shielded, with the shield grounded. Usually, within the genera-
tor, there is a d-c blocking capacitor in series with the output lead.
Otherwise it nearly always is necessary to use an external capaci-
tor to prevent shorting of grid circuits to which the generator
may be applied and to prevent getting direct current from re-
ceiver 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 oscillo-
scope, the vertical amplifier of the scope itself must have rather

Fig. 2-14.—Sync pulses in the output of o 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 guing 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 a scope sensitivity of 0.5 volt per inch or even approach-
ing 1.0 volt ordinarily will provide plenty of height on the traces.
Here, however, we run into another requirement, that of fre-
quency response in the vertical amplifier. Although the line fre-
quency at 525 lines per frame is only 15,750 cycles per second,
the square pulses of the sync signals consist electrically of com-
binations 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. 2-15.—A low-pass ver probe for the verticnl input of th. ovsilioscepe.
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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 de-
pends 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 rela-
tion by 180 degrees reverses the direction of frequency increase.

f— ~¢— Positive—>
Negative \
Frequency Frequency

—> —— <X
increases increases

Negative

AN

-<—Positive —>

Fig. 2-16.—Responses and waveforms may be reversed ond inverted in
various ways as they oppear on the oscilloscope trace.

If the source of synchronized sweep voitage 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 amplifving 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 wave-
form 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 nower transformer is any small radio type from

Potentiometer

Line Oscillo-
Power ( A-C
Transformer Voltmeter

Fig. 2-17.—A wnlt for providing oscilloscope traces whoss height mey be
translated into applied voltage.
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whose secondary may be obtained 150 to 175 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 1
|

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 2 and 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 trans-
former secondary, for when multiplied by 2.8 this allows measur-
ing 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 high-
frequency 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 mega-
cycles. 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,

o Y
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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 a marker
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

./\/\/\A.A
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Fig. 2-18.—Indications of an electronic voltmeter foliow the rise and foll
of the oscilloscope trace.

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
& meter 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 a d-c 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 a sheet of copper
or aluminum covering the top of the shelf and another sheet
covering the working surface of the bench. The two metallic

Oscilloscope
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Fig. 2-19.—Service instruments on a shelf above the werk beach,
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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 pri-
mary, 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 connec-
tion 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 ar-
ranged, 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
gew hundred volts. If you accidentally touch a high-voltage point
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Fig. 3-20.—Circwits and parts which are at very high velieges with @
“flyback” type of swpply.

Filter

T¢

you get a rather severe jolt, but no great harm results. In televi-
sion 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 be-
come 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 poten-
tials usually are on the order of 5,000 volts, but these potentials
reach more parts than do the high voltages in a magnetic deflec-
tion system. Fig. 2-21 shows the circuits for an electrostatic
deflection tube in which potentials ordinarily range from about
1,600 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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M. 3-21.—Circvits and parts at high voltage with an r-f voltage sepply
used with elecirostatic 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 dis-
sipates 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 coat-
ings 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 ground-
ing 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 rela-
tively 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 plug-
jack arrangement or may open an auxiliary switch that cuts
off the line power from the entire receiver. Otherwise an inter-
lock 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 observ-
ing 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 in-
struments 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 ordi-
nary 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 a pocket 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 meas-
urements of potentials in excess of 5,000 volts. For higher volt-
ages 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 a multiplier it first is necessary to know the internal resist-
ance of the meter for the voltage scale which will be used—ordi-
narily 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 multi-
plier resistance, for four times the range use three times the
internal resistance, and so on. The full-scale current, in micro-
amperes, 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 inac-
curate. 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,

High-voltage
Lead and
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Fig. 2-22.—High-voltage muitiplier assembled with resisters.

Voltmeter
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don’t get the last ones right next to the first ones in the string.
This avoids excessive voltage differences between adjacent re-
sistors. 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. 2-28. The meter is connected across the last
resistor at the grounded end of the string. Voltage computations

Electronic

Voltmeter
O
v [ S

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

will be more convenient if this last unit is of some even number
of megohms, say 1 megohm or 2 megohms.

Here we are not directly concerned with the internal resistance
of the meter, so must use other means for determining the resist-
ance in the divider string. To determine the least resistance which
may be used as a total proceed thus: Multiply the highest number
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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 re-
sistance of the unit across which the meter is connected. Neglect
the 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 type 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 series-
heater 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 posi-
tions 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 trans-
mission from stations within normal range of the locality.

Precautions During Servicing.—We all understand that there is
inductance in even a short 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 im-
portance 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 rela-
tion 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 in-
ductance 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 posi-
tion 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 re-
placement 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 com-
pleted. 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
adjustments.

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 any-
where 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 com-
mence 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 sec-
tions 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 a mixer. Television receivers do not use the
types of converter tubes which combine in a single electron stream
and a single 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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Fig. 3-1.—Where tumed circvits are found in a tuner section.
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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. 8-1. 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 prob-
ably is in most general use provides, for each channel, a separate

Mixer
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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 switch-
ing 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 indi-
cated 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

Shorting | J
Contacts

Fig. 3-3.—More or less of this tuned circuit is sherted to vory 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 mmid,
which is ample for tuning at carrier and intermediate fre-
quencies. The inductance of the coil is made of a value which,
with the tube and circuit capacitances, is resonant at the fre-
quency to be received or amplified. By using no additional tuning
capacitance we may have maximum inductance for any given
frequency, and this means a high-Q circuit.

Fig. 3-8 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 capaci-
tance is provided by inductor sections a, b, and ¢. 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. 3-8, the inductor ele-
ments usually are stationary and the shorting contacts are on a

Fig. 3-4.—The parts of one style of turret tuner. (Stewart-Warner)

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 in-
ductor 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 con-
struction details of a typical turret tuner.

There are numerous mechanical and electrical variations of
the channel switching methods so far described. The types illus-
trated 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 ele-
ments through the low band (channels 1 to 6) and with another
set through the high band (channels 7 to 13).

Ca Cb .
) 400 ) 2 e

A

T

&

Inductor
Unit

Fig. 3-5.—How a continuous tuner may be used between r omplifier
and mixer tubes.
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Fig. 8-5 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 sta-
tionary 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
6 and 7.

There is another type of continuous tuner which does not cover
the range of frequencies between television channels 6 and 1.
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
get 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.
8-6 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 dif-
ference between the carrier and oscillator frequencies is, of
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Fig. 3-6.—Construction of one style of two-band continuvous tener.
(Stewart-Worner)

course, whatever intermediate frequency is employed in the re-
ceiver.

Although antenna coupling circuits and the couplers between
r-f amplifier and mixer must have a very wide frequency response,
the r-f oscillator is sharply tuned to its frequency. Then the
oscillator output frequency beats with the modulated carrier fre-
quency 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 frequency-
modulated sound carrier to produce sound intermediate fre-
quencies 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 inter-
mediate 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




. 58 APPLIED PRACTICAL RADIO-TELEVISION

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 prin-
cipally 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 frequen-
cies. 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 a small capacitor connected between the oscil-
lator tank circuit and the mixer grid. The coupling capacitance
seldom is more than 5§ mmfd and may be even less than 1 mmfd.
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 eoupled 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 a single cathode for oscillator and mixer.

Oscillator Frequency Drift.—It is a well known fact that when
any ordinary oscillator circuit has been tuned to a certain fre-

quency 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 fluctua-
tions of line voltage cause any decided changes in B+ voltage to
the oscillator, the frequency may vary with the line voltage.
Even with a reasonably 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 oscil-
lator 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 tem-
perature coefficient.

In some types of receivers the adjustment of r-f oscillator fre-
quency is quite critical. This is because the deviation in the
frequency-modulated sound signal is plus or minus only 25 kilo-
cycles 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 satis-
factory 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 fre-
quency through an increasing range as the set is tuned to higher
and higher carrier frequencies.

Tuner Designs.—Certain features of tuners and antenna con-
nections may best be explained by means of typical circuit
diagrams. While the examples to be shown illustrate exact meth-
ods 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 800-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 7T-1 whose center tap is grounded
at one of the receptacle terminals. A 72-ohm line would be con-
nected 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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Fig. 3-8.—Connections allowing either one or two antennas for the low and
high bonds. (Philco)
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primary. The upper secondary is tuned for acceptance of all
frequencies in channels 7 to 18. The lower one is tuned to accept
all frequencies in channels 1 to 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 800-ohm line
usually are connected to control grid and cathode of the r-f ampli-
fier, 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 a single antenna for both bands and also for using
separate antennas and transmission lines for each of the two
bands. g

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 C8, 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 T7C1 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
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Fig. 3-9.—Channel tuning between the r-f amplifier and mixer. (Philce)

channels or for none at all in the couplings from antenna to r-f
amplifier and from r-f amplifier to mixer.

In Fig. 8-11 we have the complete diagram for a tuner 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 C180 for all channels,
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and additionally on the low-band channels through capacitors
C12} and C125. The amplifier plate inductors and mixer grid
inductors are separated electrically by means of a metal shield
plate.

The plate inductors, L88 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 cir-
cuits 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

€%
*80S. 220

&y

g‘h

CLOCKWISE ROTATION

Ng. 3-11.~Twaer in which portions of the inductances are sherled owt fer
successive channels. (Westinghouss)

coils are connected to the plate and grid of the oscillator by move-
ment 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 cov-
erage 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 perma-
nently 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 chan-
nels 1 and 2. But the range of adjustment for L-19 is great enough

MOTE;- STATION SELECTOR SWITCH (8.1}
SHOWN W CHANNEL No.t POSITION,

Fig. 3-12.—A tuner which may be aligned for reception in amy
eight channels. (Motorola)

so that it may be set either for channel 3 or else channel 4. In-
ductor 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 in-
ductors which are adjustable in the field to one channel or another.
Consequently, on channels 7 to 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 be-
tween 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 ampli-
fier 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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Fig. 3-13.—Hew separate sets of inductors ore switched into the tube
circuits for each channel. (Admiral)



68 APPLIED PRACTICAL RADIO-TELEVISION

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 induc-
tively 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 A10 which affect tuning in all channels. These three capaci-
tors 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
A12 to A2S. There is also an adjustable capacitor A11 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 C?711 which is an adjustment used by the operator.

Two-band Continuous Tuners.—Circuit connections for a two-.
band continuous tuner are shown in Fig. 3-14. Input from the
antenna is from a 300-ohm balanced transmission line connected
across impedance matching coil L1 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 T1 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 C¢6 to coils T8 or
T4. The selection is made through a second 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 a 6J6 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 a third 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 de-
sired 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 re-
sponse curve of sufficient band pass, with symmetrical peaks, and
maximum gain without upsetting other qualities. Trimmer ca-
pacitors 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 align-
ment 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 me 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
(98.85 minus 67.25) is 26.1 mc. This is our video intermediate
frequency. The difference between the oscillator and sound carrier
frequencies (93.35 minus 71.75) is 21.6 me. 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 repre-
sented 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
gound intermediate frequency of 21.6 mec is taken off and applied
to the first stage of the sound intermediate amplifier.

(p
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Hg. 4-1.~A sound system in which the i-f amplifier and demodulater
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 han-
dling 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 fre-
quency fed to the sound intermediate amplifier is the sound inter-
mediate 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 demodu-
lator 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 sys-
tem is shown by Fig. 4-2. The video and sound carriers beat
together in the mixer to produce the same video and sound inter-
mediate 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 in-
coming intermediates. The difference between any video inter-
mediate frequency and the accompanying sound intermediate
frequency is 4.5 mec. 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 me.
Since the 4.5 mc frequency results primarily from the fre-
quency difference between the two carriers it is called an inter-
Sound |F Sound Audio
Amplifier Demodulator Amplifier
-~ .

Speuker

Sound )
Take off Picture
Tube g

- : < e )

Video ond Sound Video Video

I-F Stoges Detector Amplifier
Rg. 4-2~The takeoff point for an intercarrier sound system follews the
video detector.

carrier beat frequency. The 4.5-mc intercarrier beat is frequency-
modulated 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 Sound
Carrier Carrier

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 fre-
quency, 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 re-
ceivers 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 inter-
mediate 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 ampli-
fiers, but just now we are chiefly concerned with sound frequencies.

Before After
Sound Toke off Sound Toke off
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Video Sound Video
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Sound IF in
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Fig. 4-4.—Video i responses where the sound system eperates ot the sound
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 over-
all 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% % “down” from the peak gain. In many receivers this gain
must be down at least 95%. This is a voltage attenuation of be-
tween 26 and about 32 decibels.

Sound IF

|
l
{
+1--50%
down

Rg. 4-5.—Video i-f responss when Fig. 4-6.—Response curve of @
intercarrier sound is used. 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 a sound 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 me 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 fre-
quency beats with the carrier frequencies to produce both inter-
mediates. If the oscillator is tuned 1.0 mc too high it will raise
both the video and the sound intermediate frequencies by 1.0 mec,
and if the oscillator is 1.0 mc too low it will drop both inter-
mediates by 1.0 me. 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 me, 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 reproduc-
tion 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
gystem. No matter how far from correct the r-f oscillator fre-
quency may be, it affects both the video and the sound intermedi-
ate 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 re-
sponse 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 inter-
mediate frequency it is easy to align the r-f oscillator by con-
necting an electronic voltmeter or an oscilloscope to the output
of the sound demodulator. The output will be as sharp as indi-
cated 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 oscil-
lator by working through the sound system. No matter how far
out of alignment the oscillator may be, we still have a 4.5 me 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
e (&)

Video
Amplifier
Kg. 4-7.—Tuned sound tokeoff from Fig. 4-8.—Takeoff commonly vsed
on interstage tening coll. for intercorriesr sownd.

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. Conse-
quently a tuned takeoff circuit may be sharply tuned to the re-
quired 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 B4- 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 a coupling and blocking capacitor, which some-
times is adjustable. The impedance coupler Lg, on the control
grid of the sound i-f amplifier, is slug tuned to the sound inter-
mediate frequency or to the intercarrier beat frequency as re-
quired. 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 se-
cured 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
o Sound

IF

Mixeror
Any

Amplifier

Fig. 4-9.—A capacitor-coupled sewnd fig. 410.—An inductively coupled

takeoff. 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 fre-
quency, the sound discriminator used in a television sound system
is no different from the discriminator used in an f-m sound re-

Last f rmer
Sound Transforme

IF

Fig. 4-11.—Typical circvit of Foster-Seeley discriminator for f-m sownd.

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 Eb. There are numerous modifica-
tions 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 discrim-
inator 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-
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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 ?, with respect to point Z, when the sound i-f
input signal is exactly 4.5 me 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 Ré6 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 con-
duction current will tend to cause point Z to become positive.

Tracing the conduction path for the upper diode, conduction is
from cathode pin 1 to plate pin 7, through the transformer from
terminal ¢ to terminal e, 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 cur.
rents cancel and point Z will assume ground potential.

If the sound i-f signal swings to a higher 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 sec-
tion, and will cause point Z to swing positive. Conversely, if the
sound i-f voltage swings lower in frequency, the sound i-f voltage
at diode pin 7 will increase while the voltage at pin 5 will decrease.
Point Z now will swing negative.

Successive increases and decreases in sound intermediate signal
frequency cause point Z to swing alternately positive and nega-
tive. Frequency modulation of the sound i-f signal thus is con-
verted into audio frequencies.

With the preceding description of f-m detection, our next con-
cern is the method of obtaining limiter action, and a-m noise re-
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Pg. 4-12.—Typicol circolt of a rafio detector for f-m sownd.

jection, in a ratio detector. The sound i-f signal voltage appears
across C} 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 cur-
rent represents the normal load on the transformer, and is de-
termined by average sound i-f signal strength.

The voltage developed across R5 and R6 due to diode conduc-
tion current (as described in the preceding paragraph) is filtered
by capacitor C5 and maintained at a value proportional to aver-
age 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 a momentary 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 in-
creased 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 a ratio detector may be summarized as follows: Varia-
tions 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 C4 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 aver-
age signal amplitude, and then rejects amplitude noise pulse vari-
ations. 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 amplitude-
modulated noise pulses makes it unnecessary to use a limiter tube
ahead of this detector. The discriminator does not in itself com-
pletely eliminate amplitude modulation, and 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, inter-
carrier 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 I.-F 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 ampli-
fiers, 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.
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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.
b-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
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Fig. 5-2.—Third video-sound i amplifier and inpet 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 prac-
tice with i-f transformers for sound receivers. Rather the trans-
formers 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.
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Fig. 5-3.—Tuned transformer couplings in o video i amplifier. (Motorola)

Still another band broadening method consists of using un-
bypassed cathode-to-ground resistors. Omitting the bypass ca-
pacitor allows some degeneration, reduces gain at the tuned
frequency, but also makes the response more uniform over s
limited range of frequencies.

Receiver Attenuation.—You will recall that, during our exam-
ination of frequency distribution in a television channel, we found
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the frequencies in the range from 3/4 mc below to 3/4 me 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 trans-
mitted 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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Fig. 3-8.—How dovble transmission of some freq ies is pensated for

in the video i-f amplifier.
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uniform downward slope from 100% gain or amplification at
3/4 mc below the video intermediate frequency to zero at 3/4 me
higher than this frequency. Such an ideal curve cannot be ob-
tained in any ordinary receiver, but it can be approximated.
Consider what happens to a frequency at a in the upper side-
: band 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 a in the upper sideband.
The amplification for b is only 25 %. Then the total amplification
for a plus b (the same frequency) is 75 % plus 25%, or is 100%.
Any other pair of like frequencies in the upper and lower side-
bands 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 fre-
quency c¢ there is 100% amplification. But the like frequency at
‘ ¢ on the right gets zero amplification, so again the total is 100%.
| All frequencies to the left of ¢ receive 100% amplification, but
| all these are singly transmitted.

Intermediate Frequencies in Use.—Video intermediate frequen-
cies in the majority of television receivers are between 25.75 and
26.75 mc. Sound intermediate frequencies always must be 4.5 me
. 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 Sound Video Sound
25.75 21.25 26.4 21.9
25.8 21.3 26.5 22.0
26.1 21.6 26.6 22.1
26.2 21.7 26.75 22.25
26.25 21.76

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 fre-
guencies. This is referred to as stagger tuning. For a simple

st 2nd. 3rd
Mixer f1 I-F f2 \-F f1 I-F f2 Detector
l..
g IN 1 B

Fig. 5-6.—Four interstoge 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 video detec-
tor input. The four couplings always are tuued to frequencies in
or close to the video i-f pass band of the receiver. Tuning often 1s
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 freyuencies, desig-
nated as f1 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 amplifi-
cation. 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-T are shown the separate but similar
responses or gains with coupling A tuned to frequency f1 and
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with coupling B tuned to frequency 2. When the output from A4
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

|
A+B :
|

A+B+C+D

Rg. 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 4 B. Of course, the amplitude or voltage after two tubes in
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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 4 + 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 4+ C. So far we have done a fair 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 4 C, to the frequency
response of coupler D. This coupler is tuned to frequency f2 and
its gain is like that shown 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 fI has little
effect on the left-hand end. The final result or the overall response
is shown by the curve marked A 4 B -4 C 4 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 construe-
tion in general, makes the response curve come to a sharper 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 coup-
lings, it is common practice to tune all five to different fre-
quencies. 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 I 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
80 on.

When there are five tuned couplings, the frequency for one
of them usually is somewhere near the center of the range. This

Sound Tuned Frequencies Video
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Fig. 5-8.—Some frequencies used with five tuned couplings, as reloted e
the respective sound and video intermediate frequencies.
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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 main-
tained 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 con-
trols 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 agc 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 ave 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 ca-
pacitor. 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
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Kg. 88 ~Average omplitudes of dark and light picture signale wb-
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 capacitors
it becomes an a-c voltage of rather small average amplitude, as
shown at the upper right.

If objects or background in the televised picture are of sucn
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 alternat-
ing 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 repre-
sented 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 a carrier signal or i-f signal before demodu-
lation or rectification. Here it is plainly apparent that, so long as

Dark Picture Light Picture

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

the strength or maximum amplitude of the received signal re-
mains 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 peaks 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 agc system employing
peak voltage of the sync pulses. The agc 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 agc diode through capacitor Ca. The signal enve-
lope of one polarity passes freely through the diode and ground at

A.G.C. Detector
Section Output
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Last Amplifier
I-F Amp.
Contrast
Control
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fg. 5-11.—@ne type of avtomatic 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 capaci-
tor 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 capaci-
tor (Rf and Cf) to the agc 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 ave to prevent limiting action on weak signals.
Delayed agc is used in television receivers for the same reason.
To provide delayed age with the circuit of Fig. 5-11 it is neces-
sary 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 re-
sistance that the remaining potential at point a, connected to the
agc 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 agc 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 agc system.

There are other age systems employing, in addition to the recti-
fier, an amplifier and sometimes additional diodes for strengthen-
ing and controlling the agc bias voltage. Adjustable sensitivity
controls may permit regulation of the average agc voltage to
best suit local reception conditions.

During alignment of video i-f stages it may be necessary to
make the agc system inoperative and to apply in its place a fixed
negative bias. This applies also to the alignment of the r-f ampli-
fier 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 agc 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 con-
necting a 3-volt dry battery between the agc 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 a 44-volt C-battery. Then
the positive terminal of the battery is connected to chassis ground
and the slider of the potentiometer to the agec bus. The bias volt-
age may be adjusted to a desired value with a high-resistance
voltmeter connected between the age bas and chassis ground.

Interference Traps.—When a receiver is tuned for a certain
channel the limits of that channel are not far from carrier fre-
quencies in adjacent channels. Fig. 5-12 shows thg situation when
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Kg. 5-12.—Sound and video carrier frequencies in o received channel
and channels adjacent.

tuned for channel 8. The sound carrier of adjacent channel 7
is only 114 mc below the video carrier in the tuned channel. The
video carrier of adjacent channel 9 is only 114 mc above the sound
carrier in the tuned channel.

There are similar relations between tuned and adjacent car-
riers 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 a distant 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 fre-
quency response of a video i-f amplifier. This diagram shows
also the relations of video and sound carriers in adjacent chan-
nels 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 adja-
cent channels. The response then must be shaped about as
indicated by the broken line curves at opposite ends.
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Rg. 5-13.~Adjacent sound and video frequencies as related to the videe
i-f responss 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 fre-
quency 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. 5-18 is
at a frequency 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.

Fig. 5-14.—~Wave trap circuits used for odjacent sound and video, and for
p ik b

panying req
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At B the trap consists of a parallel resonant circuit coupled to
the grid side of the interstage coupling through a small 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 im-
Pedance, but at frequencies both higher and lower the trap
impedance is small. At D there is a series resonant trap con-
nected 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 fre-
quency to ground. At higher and lower frequencies the trap
impedance is high to prevent draining off these frequencies.

In diagram E a parallel 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 reso-
nant trap has maximum impedance at its tuned frequency. Con-
sequently, tube currents at this trap frequency are strongly
impeded, while currents at higher and lower frequencies 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

— o -
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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 a rather 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 a frequency range around 3 mec. 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 accom-
panying sound anywhere between the mixer and the sound take-
off, 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 fre-
quencies for the receiver. As may be seen in Fig. 5-13, the adja-
cent video frequency is 14 mec lower than the accompanying
sound and 6 mc (one channel width) below the receiver video
intermediate. The adjacent sound frequency is 1% mec higher
than the receiver video intermediate and 6 mec 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 im-
mediately below the one to which the receiver is tuned. There
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Fig. 5-15.—~Frequency imits in the low band and hugh band televisien channels.

Fig. 5-16.—Eflect of high-frequency interference experienced in some
television channels.
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are no television transmissions immediately below channels 2, §
and 7. So when tuned to these channels there will be no adjacent
sound interference. There is no television transmission imme-
diately 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 §,
below channel 6, and above channel 7. There may be, and often
is, interference from these transmissions. The extent of inter-
ference 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 measure-
ment 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 a series resonant
circuit connected between the antenna terminals of a receiver
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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 a parallel resonant circuit
in series with the ungrounded side of the transmission line, which
is the central conductor of the cable. At the interfering fre-
quency, 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 6 will be above the highest carrier frequency in this low band
and below the lowest carrier frequency in the high band. Simi-
larly, 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 inter-
ference 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 inter-
carrier 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 me, tuned to channel §
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 fre-
quency. The sound carrier in channel 7 is at 179.75 me. Sub-
tracting the r-f oscillator frequency (108.35 mc) from this sound
carrier frequency gives a difference of 76.40 me, 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 inter-
mediate 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 Intercarrier Beat.—The intercarrier beat frequency
of 4.5 mc 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 mc 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

( Trop Posn}ons \‘
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Picture

Detector Tube

Video Amplifiers
Ng. 8-18.~Traps used for the intercorrier beat frequency. '

useq, 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 8 me. Then the sound intermediate frequency does
not reach the detector and cannot combine with the video inter-
mediate to produce the 4.5 mc intercarrier beat.



Chapter 6
ALIGNMENT OF VIDEO IF 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 ampli-
fier tubes are replaced. It is required when parts of tuned cir-
cuits 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 mis-
placed by poor servicing. Finally, it is quite possible that realign-
ment 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 rea-
sonable 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
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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 interstage 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 trans-
former, 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 pre-
liminary 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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a general way to all alignment jobs These we shall consider now.
First is the matter of making connections between signal gener-
ators 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 a tube some-
where 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 recom-
mended 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 chassm 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 a half 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 a capacitor. Other-
wise the grid bias will be shorted through the attenuator. Most
generators have a capacitor in series with their output lead. It

To ground or
bias voltage

Fig. 6-2.—Use a small capacitor in series with the generator output lead and
the tion to @ 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 agc 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 align-
ing the tuner if the r-f amplifier or mixer is under automatic

enemtor

Fig. 6-3.—~The generotor coupling may be moved bock toword the mixer,
stage by stage, as alignment proceeds.

control. Sound avc, 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 genera-
tors, 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 pro-
ceeds. Then, in each stage which immediately follows the genera-
tor 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 re-
ceiver employing traps for interference reduction. For this re-
ceiver the video intermediate frequency is 25.75 mec and the
sound intermediate frequency is 21.25 mec. 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 me. 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 me. This is 6.0 mc higher than the sound inter-
mediate of the receiver, so here we have a trap tuned for adja-
cent 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 me, which is the same frequency as for the trap follow-
ing the first i-f tube. Here, then, we have another trap for adja-
cent sound. Inductively coupled to the cathode-ground lead of
the fourth i-f amplifier is a trap 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 me, 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 accom-
panying or associated sound, one being the sound takeoff. Two

To Sound
Ad)- -
Video 1-F Amp
st 3rd. '
Trap \F ler 4,':’ Detector

O

_{Trap

Trap Top |- O
GP X adj.

Adj- adj” rop )
Sound Sound 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 me) and two are tuned
for adjacent video (19.75 me). All these traps are shown in the
simplified block diagram of Fig. 6-6.

For alignment of traps in a video 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
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 out-

Voltmeter
or

Oscilloscope

Lood
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 de-
tector 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 a 10,000-ohm fixed resistor in series with
the vertical input lead. If the scope is not highly sensitive, con-
nect 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 re-
ceiver, 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

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
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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 ad-
jacent video frequencies. The smaller receivers do not accept so
wide a band 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 fre-
quency 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 re-
ceiver, 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 identify-
ing the trap frequencies will be almost or wholly invisible. A
marker can be made to show up only on frequencies where there

—— s > > - f S e e s e

50 % down

|
|
|
l ¥ l L) L) AL . ' ] '
Adjacent  Accompanying Video Adjacent
Video Sound IF Sound

Fig. 6-9.—An overall response of a video I 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 defini-
tion in the pictures is proportional to distance f on 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 meas-
urements 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 over-
all 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 Electronic Marker Generator Oscillo-
Ggr:etrz:no“p Voltmeter {modulated) scope

Peaking

Peaking
Stage by Stage [7

Stage by Stoge

Marker Sweep
Generator Generator Oscillo~
Stage Peoking
and Overall
Response
Fig. 6-10.~Instrument combinations used for alignment of vide d i-f stag

output indicator is an electronic voltmeter. When the output indi-
cator is an oscilloscope the marker type generator is used with
audio modulation and the internal sweep of the scope is syn-
chronized 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 a high-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

Bg. 6-11~Points ot which the electronic voltmeter or oscilloscape mey he
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8 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 8, 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 sensi-
tivity 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 high-
frequency 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
video 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 discon-
nected 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
e and apply it to point b. Now coupler B is aligned to obtain the
response desired from the two stages preceding the detector. In

Marker or Electronic
Sweep and Voltmeter or
m Marker Oscilloscope

‘ __m V(= \Y =
T3t SEN
lMlxer@ F© v ®  ® Video

Fig. 6-12,—Cannection from the genera'ou may bo movod back from grid te

grid during olig of e stag

following steps the generator input is coupled to point ¢ 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 com-
bined effect of couplers A, B and C, and finally we have the
overall response of the entire video i-f amplifier when the gen-
erators 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 pro-
ceeds. It is a good idea to drop the output to zero between stages,
then bring the output up just enough to obtain a readable response
on the meter or scope when ready to align a following stage.

The third general method of alignment is shown in principle
by Fig. 6-13. Here we observe the response of each stage inde-
pendently of all other stages. For a first 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

Mixer

b pa» Jearyle @

Generator or Dv.tdeot
Generators a etector
Fig. 6-13.—Instr t ctions for observing the response and making

lig t adjust ts in individual stoges.
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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 indi-
vidually. 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 ampli-
fier 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 sec-
tion, you should make it an invariable rule to make a recheck of
all adjustments after going through them the first time. When

Fg. 6-14—Couplings of this general type give & single-pecked respense

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 ampli-
fier 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




126 APPLIED PRACTICAL RADIO-TELEVISION

second tube, as at the right. Both couplings provide a single-
peaked 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 a transformer coupling with individ-
ually tuned primary and secondary windings. The transformer
will provide a single-peaked response when there is loose induc-
tive coupling between windings and when both windings are
tuned to the same frequency. When the coupling between wind-
ings is made closer or tighter the response will have two peaks.
With both windings tuned to the same frequency one of the peaks

Aokl tad

Fig. 6-15.—Couplings of these types usvolly give a P P
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 inten-
tional 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 de-
signers of receivers. Ordinarily these modifications do not affect
the alignment methods to be explained.
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Fig. 6-16.—Typical peaking for each of four couplers tuned alternately te
two frequencies.

Alignment of Single-peaked Impedance Couplers.—Most re-
ceivers 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 speci-
fied 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 inter-
mediates or in relation to anything else.

Receivers having four i-f ocouplings and using intercarrier
sound systems usually peak all four couplers to only two fre-
quencies as indicated in a general way by Fig. 6-16. Frequency
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f1 is somewhere around 2.6 mc below the video intermediate
frequency used in the receiver. Frequency f2 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
eurves show the first and third couplers tuned to the higher fre-
quency, 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. Combi-
nations 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 inter-
mediate. Then there will be two more frequencies down near the
sound intermediate, usually within one megacycle of this inter-
mediate. Finally, there will be one frequency near the middle of
the range between the two intermediates, but somewhat closer te
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 any-
thing from 0.5 to 1.0 me.

Alignment of the several couplers in a stagger tuned single-
peaked 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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Rg. 6-17.—Pecking for each of five couplers tuned to five different frequencies.
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the control grid of the mixer tube or to any point in the grid
circuit which is not at ground potential. Use the generator un-
modulated.

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
getting 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 a video 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 gener-
ators 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
a set 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 a single 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 a whole. 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 trans-
former coupling and the double-impedance coupling of Fig. 6-15

Three
Couplers

One
Coupler

Overall
Two Couplers

Fig. 6-18.—Typical responses when aligning to include one additional coupler
at each successive 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 re-
sponse 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 sim-
plicity, 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 a control grid circuit as a grid 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 a variable
coupling capacitor between the coils. When both coils are sepa-
rately 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 as 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 trans-
former. With the two coils individually tuned to the same fre-
quency, 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



ALIGNMENT OF VIDEO I-F AMPLIFIER 183

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 gen-
erator to approximately midway between the sound and video
intermediate frequencies of the receiver. It will be necessary to
have a sweep width of at least 6 mc, and 8 to 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 conneéted 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 connec-
tions 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 dis-
torted 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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(Tronsformer to be
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Fig. 6-20.—Shunting of transformer primaries to prevent their affecting the response.

whether this winding is a separate coil or is part of a transformer.
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, ¢ and d of 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 over-
all 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 avail-
able 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 re-
sponse 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

ist. IFto
Detector

Mixer
to

Detector

2nd. IF to
Detector

1 1 L 1 1 Il

Fig. 6-21.—$ ive resp : when cing 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 ad-
justed 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 con-
nections usually are made as shown by Fig. 6-18. The sweep and
marker generators are coupled to the control grid of the tube
preceding the transformer to be aligned. If the aligned trans-
former 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 fre-
quencies, but need not be fitted with a detector probe. The de-
tector 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 a tube. Were connection made to the plate circuit
or the grid circuit of the transformer being aligned, the capaci-
tances 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 trans-
formers 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 a trap 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 a single
broad peak, as at D. The combined effect of all stages, both sym-
metrical and non-symmetrical, is intended to be the typical over-
all response with which we have become familiar.
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Fig. 6-22.—Typical responses of individual couplers of the transformer e
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 fre-
quencies 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 attenu-
ated.

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

® ‘ © ®

Fig. 6-23.—How the overall resp 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 indi-
cated by the other arrow.
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For the first adjustment, coil 2 was tuned to a higher frequency.
The result on the overall response is shown at 8. For the second
adjustment, coil Z was tuned to a higher frequency, with the over-
all result shown at C. Then coil 8 was tuned to a lower 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 2 was tuned to a lower 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 7 and
8 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 left 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 Intercarrier 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 low-
frequency 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 inter-
mediate. 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.~Qverall resp of vid d i-f amplifiers used with
intercarrier sound systems.

shelf or a “plateau” formed on the low-frequency end of the re-
sponse. This shelf is formed by a rather broadly tuned trap placed
somewhere in the video i-f amplifier. This intermediate sound
trap is tuned to leave a response of a few 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
80 much amplitude modulation, in addition to its frequency modu-
lation, that the effect cannot be overcome by the sound demodu-
lator. 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 to-
ward higher frequency run the sound signal up on the response
curve, which really is a curve 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 de-
creased 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 a curve 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 pic-
ture 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 fre-
quencies. 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 sereens 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 inter-
mediate frequency delivered to the sound section is the sound
intermediate frequency secured from the mixer and passed
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Fig. 7-1.~A sound section operating at the sound intermediate fnqvuq with
takeoff ahead of the video detector.

through the sound-video i-f stages, it is a frequency 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 a first 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 fre-
quency. There is a single sound i-f stage operating at 4.5 me.
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 de-
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Fig. 7-2.—A sound section of the intercorrier 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. 7-8. 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 Re and Rb are equal. If we connect a volt-
meter 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 ¥ 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 ¥ 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 posi-
tive or negative potential between point ¥ 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 fre-
quency modulation or deviation in the input.
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Pig. 7-3.—Discriminator circvit showing points at which the outpwt is measvred.




146 APPLIED PRACTICAL RADIO-TELEVISION

If the input signal is at constant frequency, as from the marker
generator, and this frequency is the one at which the sound
gystem is supposed to operate, and if there now appears a posi-
tive 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 fre-
quency is applied to the system. From all this it follows that we
may connect the voltmeter or the scope between point ¥ 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 fre-
quency. Diode currents will be equal, and there will be equal
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Fig. 7-4.—Ratio detector circuit showing points ot which the ovtpet 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 a corresponding 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 pre-
ceding 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 volt-
ages 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 viden 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-¢ in-
struments 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 a channel 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 kilo-
cycles 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
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a tuned 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 a d-c instrument or it may be a moving coil type
whose sensitivity is not less than 20,000 ohms per volt.

1. Use the marker type (constant-frequency) generator with-
out 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 ampli-
fier which precedes the sound takeoff, as in Fig. 7-5, or, if the
generator already is coupled to the mixer grid for other adjust-
ments 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 align-
ment, 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
a limiter 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 in-
tercarrier 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 modu-
lation. 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 me.
Instead of coupling the generator to the amplifier just ahead

of the demodulator it may be coupled to the control grid of the

Meter

Adjust for Maximum /
Amplifier ( =

‘PRI @@:
Qmodulofor o~
Adjust—" .s
Marker Type for Zero o =
Generator eter

Fig. 7-6.~Connections for generator and outpot indicotor for alignment
of demodvlator.

tube which precedes the sound takeoff, as shown by Fig. 7-6.
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.

9. The electronic voltmeter will be connected first to point X
and later to point Y in the diagrams. These are the two points
gimilarly 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 B+ voltage on its plate and a lower
B+ 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 fre-
quency. 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 inter-
mediate frequency or at the intercarrier beat frequency of 4.5
me, 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 meas-
ure the voltages at frequencies equally above and below the first
one. This is most conveniently done if the meter has a zero-center
scale or a polarity reversing switch, since the voltage will be
negative with the frequency changed in one direction, and posi-
tive 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 de-
modulator transformer. Because it is necessary that these pre-

Center Frequency For Sound ‘

Peak
Amplitude

ng.IJ.—Onnlmpumfmnmdegﬂob-on.
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ceding couplers be in alignment before working on the demodu-
lator, we shall consider them first,.

The object in aligning the couplers which are ahead of the
demodulator is to obtain a single-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 0.8 megacycle, and may well be more.
The peak amplitude should be the greatest possible in combina-
tion 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 me; it

Sound |-F v Limiter Demodulator

g Oscillo-
scope

Fig. 7-8.—Oscilioscope connections to limiter grid circults,

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 oper-
ated 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 1s
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. 7-8 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
a readable 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 connec-
tion it is necessary that the secondary of the demodulator trans-
former be detuned, otherwise the output will be zero at the center
frequency for sound. The detuning may be done by turning the
alignment slug a turn or two in either direction, or by conneeting
a resistor of about 500 chms 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 re-
duction 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 modula-
tion is changed into amplitude modulation suitable for the audio
amplifier and loud speaker. We shall commence this work by
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Fig. 7-9.—Relations between frequency sweep during 1/60 second and @

voltage trace oppearing 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. 7-56 and 7-6. Assume also that the center frequency for
sound is 22.0 me, which might be a sound intermediate frequency.
If the sweep generator is adjusted for 2 mc sweep width, going
1 mc below and 1 mc 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 mec 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. 7-8 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 cor-
rectly 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 trans-
former 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 me 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 ¢ and 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

/\ Decreosi/n}\/\
0
Center ' . \~Center
Frequency mereasing

- f2 f2

My. 7-10.—Single end double S-curves obtained by wsing the internal sweep
of the oscilioscopa,




ALIGNMENT OF SOUND SECTION 167

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 syn-
chronized 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 fre-
quency during the following 1/120 second. The frequencies are
alike at the two points marked f1 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 synchro-
nized 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

® R

Return

°/

Fig. 7-11.~8-cerves obtained when using o synchronized sweep voltage for
the horizontol input of the oscilloscope,

Forword




158 APPLIED PRACTICAL RADIO-TELEVISION

80 they appear as at B. There will be a single curve if the for-
ward 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 hori-
zontal 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 sec-
ondary in the demodulator transformer. The amplitudes or dis-
tances 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 adjust-
ment 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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Fig. 7-12.—Features of a demodulator S-curve which ere affected hy
alignment adjustments.

amplitudes which correspond closely to deviations of frequency
in the f-m sound signal. A linear curve is obtained by careful
adjustment or alignment of the primary. Finally, when all the
other requirements are at least fairly well satisfied, it is desirable
to have maximum amplitudes of the two peaks above and below

" the center, This is a matter of primary adjustment.

Everything which has been mentioned as dependent on correct
adjustment of the primary in the demodulator transformer de-
pends also on correct alignment of all preceding couplers. Unless
the response of all these couplers is centered at the center fre-
quency for sound, and unless the overall response from all of
them has sufficient band width, it is impossible to obtain the
desired response from the demodulator.

The steps in alignment of the demodulator transformer with
the oscilloscope are as follows:

1. Couple the output of the sweep generator to any of the points
specified for a marker type generator in Figs. 7-5 and 7-6. Set

- the center frequency of this generator at the center frequency

for sound, which is either the sound intermediate frequency of
the receiver or else, for intercarrier sound, is 4.5 me. Commence
with a sweep of 1 to 2 mc and later reduce it in obtaining an
S-curve like that in Fig. 7-12.

2. Couple the output of a marker generator to the same point
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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 a filter
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 adjust-
ment 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 18 the switch points
are on contacts a-a. The adjustable inductance loops b-b 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 addi-
tional inductance sections in the active circuit until, on channel
2, all the sections are active.

The only adjustable inductors are at 3-b and o-¢. Inductors
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Fig. 8-1.—Rotary switch tuner with r-f odjustments for some channels and
oscillator adjustments for all channels.

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 chan-
nel 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-¢
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 induc-
tors 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, adjust-
ment of the oscillator coil for any one channel is made inde-
pendently, with the switch set for that one channel. When oscil-
lator 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 accom-
plished by switch rotors which are shorting segments, repre-
sented 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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Inductors b-b-b 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-¢ 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 sepa-
rately 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. 8-8 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,

To Video I-F

e

E
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Bias Coil Unit -
for One Oscillator
Channel

Fig. 8-3.—Overall alignment adjustments affecting all channels, as veed
is a turred tuner.
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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. Some-
times 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 capac-
itors 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 cor-
rectly aligned for all channels with certain settings of the trim-
mer capacitors, any realignment such as necessary upon replace-
ment 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 capac-
itors 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 bot-
tommost 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 re-
aligned, 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. Tun-
ing 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

B+
R-F Amp- ) # X Mixer Osc.

=) e

Channel
Tuning

Sig. 8-4.—~Twe-bond continvous tunse with overall adivsiments on each tuned cireul
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coils, & 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
¢ and d act in the same manner for the low band and high
band on the mixer grid circuit. Trimmers ¢ and f vary the
oscill