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COLOR TELEVISION IN ACTION: Remarkable photo shows one of the recent color television broadcasts of surgical operations at St. Lukes hospital in Chicago.
Television camera five feet above patient brought every move of surgeon on 12 x 14 inch color screen. Images were magnified twice life size. Microphone inside
surgical jacket enabled surgeon to explain every step in operations. Television receiver in foreground shows picture being received in true colors. These broadcasts
done by CBS were viewed by aver 4000 surgeons af the American College of Surgeons and were sponsored by Smith, Kline & French Labs, They showed dramatically
’ha’hcal':r television may become one of the greatest aids to medical education. A complete section on methods of color television (printed in 4 colors) in included
in this book.







PREFACE

The COYNE TELEVISION CYCLOPEDIA is an entirely new book. It was
planned especially as a guide and quick reference volume to provide instant,
reliable information on Television receivers and reception.

THE SCOPE OF THIS BOOK: According to Webster's dictionary a
Cyclopedia is: “a work giving a complete summary of some branch of knowl-
edge.” Any good Cyclopedia to be of inaxitnum usefulness must be all of the
following:

1. CONCISE 4. EASY TO UNDERSTAND
2. AUTHORITATIVE 5. SUBJECTS EASY TO LOCATE
3. COMPLETE 6. ILLUSTRATED

The New COYNE TELEVISION CYCLOPEDIA meets all of these quali-
fications.

CONCISE: It is CONCISE because it expresses much technical material
in brief, compact and “'to the point” form. While every effort was made to
present the material in a time saving way every subject was completely
covered. The author and editors kept one thought foremost in mind—"make it
complete but make it brief.”

AUTHORITATIVE: Here is why this Cyclopedia is AUTHORITATIVE.
Most of the information was selected from material contributed by over 70
companies engaged directly or indirectly in television set manufacture. The
material was in the nature of special service and installation data which had
previously been laboratory tested. This great quantity of tested data was then
“screened” by Harold P. Manly (author of the original CYCLOPEDIA OF
RADIO). This material for the CYCLOPEDIA OF TELEVISION was re-
written to retain the best and most useful data. Mr. Manly’s material was
then carefully edited by members of the Coyne School staff. This procedure
makes for the most accurate explanations possible.

COMPLETE: Any book with the above background and world of material
could not help but be COMPLETE. The thought foremost in the minds of
those who wrote and edited this book was—“make it completely cover each
subject so there can be no doubt in the mind of the reader.”

EASY TO UNDERSTAND: Throughout the book a “how-to-do-it” ap-
proach was used. Each article was written to meet the needs of the beginner
but at the same time offer much that is NEW and VALUABLE to those with
field experience in Radio or Television. An example of the procedure used
can be seen in the inaterial on TELEVISION SERVICING. In this section
we included dozens of illustrated picture patterns (just as they were taken off
the picture tube in operation) . With these practical illustrations is complete
information on the faults indicated and the remedy for correction of troubles.
This is a MODERN, PRACTICAL approach to the servicing of Television
receivers.

SUBJECTS EASY TO LOCATE: This book is written in the style of a
dictionary. Subjects are arranged alphabetically making it amazingly simple
for the reader to locate any subject he wishes. Hundreds of cross-references
are used to assist toward easier and more complete understanding of every
subject. 0




PREFACE

ILLUSTRATED: The illustrations in the COYNE TELEVISION CYCLO-
PEDIA are many in number. They have all been planned with the same care
as the text. Each photo or drawing has been prepared for this particular type
of book and each vividly demonstrates some important point in the text.
Some of the best 4 color process photos describing the workings of several
systems of Color TV are_included. These much more clearly show the process
of color separation in the various systems than straight black and white photos.
For the added benefit of the reader a complete DIRECTORY OF ILLUSTRA-
TIONS is included in this book.

Regardiess of how many other Television books anyone may have this
CYCLOPEDIA OF TELEVISION is a much needed book. Right now, great
strides are being made in the industry. Television is destined to become one
of the greatest forces in education and entertainment in the world. Special
programs already conducted in surgical colleges (and pictured in this book)
have vividly demonstrated the added advantage of this medium in teaching
surgery. Where, only a few in a gallery could see an actual surgical operation
in the past now hundreds can be as “close as the surgeon instructor” through
the medium of Television.

There will be many uses for Television in industry, the armed services, and
schools of all types. Television today is still in its infancy but there is no
doubt in anyone’s mind of potential progress destined for this great new in-
dustry. This new medium can very easily become more important than the
Press, Radio and Films for conveying information on National and World

events.

The magnitude of the service industry is just beginning to be realized. With
the tremendous growth of television the need for well trained technicians
becomes more imminent. There is little doubt that the industry will experi-
ence a serious shortage of trained men for some time to come. :

The Television industry will employ millions of men and women in the
future. Anyone who is in the field or hopes to become associated with it
should have and use a book of this type. A Cyclopedia is ESSENTIAL to a
man already employed in Television—it is even more essential to men entering
a new field like Television.

It is my belief that the COYNE TELEVISION CYCLOPEDIA provides a

reliable reference source of information on Television. It can be a very im-
portant factor in the progress of anyone who enters the field of Television.

The Educational Book Publishing Division of the Coyne Electrical and
Television-Radio School wishes to express its thanks to each of the con-
tributing companies, editors, illustrators and others for their splendid co-
operation and enthusiastic interest in every stage of the development of this
book. The names are formally acknowledged on a following page.

(L4

BENNETT W. COOKE, President
CoyYNE ELECTRICAL & TELEvisioN-RaDIO ScHooL
CHicaco 12, ILLINOIS
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DIRECTORY OF ILLUSTRATIONS

This Directory of Illustrations is included as an aid toward locating
complete data on various television subjects. The Directory is pre-
sented alphabetically and lists a portion of the illustrations appearing
in this Cyclopedia. The caption of the illustration is given along with
the number of the page on which it appears. There are over 200 addi-
tional helpful photos and diagrams to be found in this book. For
further convenience in quickly locating television data a detailed
INDEX of all subjects can be found at the back of the book.
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CYCLOPEDIA OF TELEVISION

ALIGNMENT. — Alignment of a television receiver means
the process of adjusting certain of its tuned circuits for suit-
able amplification or gain, or to specified band-pass character-
istics throughout bands of carrier frequencies in the various
channels, and at intermediate frequencies for which the re-
ceiver is designed. Alignment adjustments are found in the
tuner section, in intermediate-frequency amplifiers for video
and sound, and in the inputs to video detectors and sound
detectors.

The shaded blocks of F1g 11 indicate tuned circuits which
may be aligned. Tubes are represented by circles. The trans-
former (coupling) between antenna and r-f amplifier may or

Antenna

1-F vi=FL I-F
Amp; Coupier Amp,
_ 1
Antenna sSeuhd
Coupling Take-off
1
f v ——=N
I~F i h P s e Detector
upfer Coupler Coupler Coupler

o)

Trag To Video

Clrcuit Amplifier

Fig. 1-1.—Ports or circuits of a television receiver in which there are
adjustments for alignment.

may not be adjustable. The transformer between the r-f ampli-
fier tube and the mixer tube usually is adjustable. The tuned
circuit for the r-f oscillator nearly always is designed for align-
ment. Intermediate-frequency transformers between mixer,
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i-f anplifiers, and video detector always are adjustable. Ad-
justably tuned interference traps are coupled to the video i-t
amplifier stages of some receivers, and sometimes at the an-
tenna transformer and preceding the sound takeoff. The sound
takeoff may or may not be adjustably tuned. If there is more
than one sound i-f amplifier each interstage transformer is ad-
justable, as is also the input transformer for the sound detector
or demodulator.

The order in which circuits or sections of the receiver are
aligned depends on several factors. 1f trouble is indicated as
being in some one section, because of observed symptoms or
as the result of tests, and if the trouble appears due to mis-
alignment, that is the section to be first aligned. If the entire
receiver is to be realigned, or the adjustments checked, this
work usually begins at the transformer preceding the video
detector. Adjustments then are continued back to the trans-
former following the mixer. Traps in this portion of the re-
ceiver are aligned along with the transformers. Next would
come the sound section, commencing at the transformer pre-
ceding the detector and following back to the sound takeoff.
Final steps would include alignment of the r-f oscillator, the
r-f to mixer transformer, and the antenna transformer.

Instruments for Alignment. — For aligning any section ol
the receiver it is necessary to have a signal source and an out-
put indicator. The source is a generator which provides signal
voltages at frequencies which may be varied throughout the
band in which the section operates. For tuner alignment it is
necessary that the generator provide carrier frequencies, tor
alignment of i-f amplifiers it is necessary to provide inter-
mediate frequencies, and so on. The generator is coupled to
the input of the section or circuit to be aligned.

To the output of the aligned section must be connected
some instrument which will indicate response or relative volt-
age gain at all frequencies within the operating band. This
output indicator may be an oscilloscope, an electronic volt-
meter, or in some cases a high-resistance d-c voltmeter.

By using a signal generator for the source and an elec-
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tronic voltmeter as the output indicator, as in Fig. 1-2, it is
possible to take output voltage readings at a number of fre-
quencies. These output voltages may be plotted against fre-
quency on graph paper, as at the right, and a smooth curve
drawn through them. Provided certain requirements are
satisfactorily met, this curve represents the frequency re-
sponse of the section or circuit being tested.

V/A / \
Signa! Electronic " / \\
Generator Voltmeter = ]
(=] |
> r) |
/ | k
/ I \l
I

—EAmplifier__,?— Frequency ——>

Fig. 1-2—Frequency response may be measured by using a signal generator
and electronic voltmeter.

The curve is a true frequency response only when the
generator output is flat or of constant voltage throughout
the range of frequencies, and when the indications of the
voltmeter are unaffected by changes of frequency. Whether
these requirements are reasonably satisfied may be checked
by first connecting the output cable of the generator directly
to the input of the voltmeter. Some generators are not capa-
ble of producing one volt of output. Note voltages obtained
in Fig. 1-3. With the generator output adjusted to give a
readable indication on the meter, the frequency is varied
throughout the range to be used and the voltmeter readings
are noted for various frequencies.

Fig. 1-3 shows variations of meter readings with frequency
as found with two particular signal generators and electronic
voltmeters for the range of intermediate frequencies between
20 and 27 mc. Obviously, an uncorrected response curve run

with either of these combinations of instruments would not
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show the true frequency response of an amplifier unless cor-
rections were applied.

If the signal generator is equipped with a dependable cali-
brated attenuator the generator output may be adjusted to a
uniform level at all frequencies. The voltmeter then must re-
spond uniformly at all frequencies to be checked. Otherwise
the non-uniform response voltages, such as those of Fig. 1-3,
may be corrected to compensate for the variations. The ap-
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Frequency- Megacycies
Fig. 1-3.—Correction curves for two combinations of signal generator and voltmeter.

proximate correction factor for each frequency may be deter-
mined from a curve plotted with the generator and meter
connected directly together. The measured voltage at each
frequency is divided by the voltage shown on the correction
curve for that frequency. The corrected voltages then may be
plotted on graph paper and a curve drawn through them.
Frequency response may be determined with an oscilloscope
as the output indicator in a fraction of the time needed when
using a voltmeter. When observing the output on an oscillo-
scope the input signal is provided by a sweep generator. A
sweep generator furnishes a voltage whose frequency continu-
ally shifts back and forth throughout the range to be observed,
usually at a rate of 60 times per second. The extent of fre-
quency shift or sweep usually is adjustable from a fraction of a
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megacycle to ten or more megacycles, depending on the design
of the instrument.

If, for example, it is desired to observe the frequency re-
sponse of an i-f amplifier between the limits of 21 and 29 mc,
the sweep generator would be adjusted for a center frequency
about midway between these limits, or to 25 mc, and the
sweep width for about 10 mc to surely cover the extremes
of response. Then, as shown at the top of Fig. 1-4, the fre-
quency furnished by the generator would shift back and
forth between 20 and 30 mc, increasing from 20 to 30 mc
during 1/120 second, and decreasing from 30 to 20 mc in
the following 1/120 second, assuming the sweep period to
be 1/60 second.

/120 V20

Second: Second

Generator

n
(@]

25 30
Frequency - mc

——Voltage —»

V. vy
/ 120 , / 120 S,
Vv
/60 Second Yeo Second
Fig. 1-4.—Generator frequency sweeps up Fig. 1-5.—Appearance of a gain curve
and back again during each trace when or frequency response on the oscillo-

using the internal sweep of the oscilloscope. scope when using the internal sweep.
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The rate of horizontal sweep of the oscilloscope beam must
match the rate of frequency sweep in the generator. This
may be accomplished by using the internal sweep control
of the oscilloscope or else by feeding to the horizontal input
of the scope an external sweep voltage which is synchronized
with the sweep timing of the generator.

If the generator sweep rate is 60 times per second, and the
internal sweep of the oscilloscope is adjusted to 60 cycles per
second, the generator frequency will increase and then de-
crease during each forward trace of the scope beam. This is
illustrated at the bottom of Fig. 1-4.

We shall assume now that the generator output is coupled
to the input of some amplifier, and that the amplifier output
is connected to the vertical input of the oscilloscope. Relative
voltage gain at swept frequencies might be as shown at the
top of Fig. 1-5. This output voltage from the amplifier will
cause two curves to be formed during each forward trace of
the oscilloscope beam, as at the bottom of Fig. 1-5.

If a synchronized horizontal sweep voltage is supplied to
the oscilloscope, instead of its own internal sweep voltage,
and if the sweep rate still is assumed to be 60 times per sec-
ond, the beam will travel from left to right during 1/120

* second, and back from right to left during the following
1/120 second. A gain curve will be traced during each travel

1 1 .
Y20 SecC. V120 sec
_ Vhegsee 2o §
> -« -~
Sweep to Right Sweep to Left Superimposed

Traces
Fig. 1-6.—With synchronized sweep voltage for the horizontal input of the
oscilloscope the two traces are made to appear as one.
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of the beam. The forward and return curves will lie one over
the other and will appear as a single curve such as illustrated
by Fig. 1-6. Any change of frequency response brought about
by alignment adjustment or otherwise will cause instant and
corresponding change in the shape of the traced curve. The
subject of synchronized sweep is treated more fully in the
article on sweep generators.

Frequency calibration of a sweep generator seldom is pre-
cise enough to allow identifying an exact frequency by meas-
uring horizontally across the response. Such identification
requires an additional marker generator. The usual type of
marker generator furnishes one or more steady frequencies
at a time, like an ordinary frequency generator but of great
accuracy. The marker frequency is adjustable, and may be
set to any value within the range being observed.

When both the sweep generator and marker generator
are coupled to the input of the amplifier their frequencies
will beat together. At the instant in which the frequency
from the sweep generator passes through a steady frequency
of the marker generator the beat frequency goes through

Fig. 1-7.—Frequency identification on traced responses by marker pips (left)
and marker dips (right).

zero, and there is a variation of gain. This variation is visible
on the oscilloscope trace in the form of a marker pip as illus-
trated at two points on the trace at the left in Fig. 1-7.
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Some marker generators are designed to absorb power at
the frequency to which they are tuned. Absorption of power
from the output of the sweep generator at this frequency
reduces the gain where the two frequencies coincide on the
trace. The result, shown at the right in Fig. 1-7, is a gap or
dip in the trace at the point corresponding to the marker fre-
quency. :

Frequency at any point on a response curve may be identi-
fied by tuning the marker generator to produce a pip or a
dip at that point. If a certain relative height or other charac-
teristic is desired at some certain frequency on a response,
the marker generator is tuned to that frequency and adjust-
ments are made for the desired results where the marker ap-
pears. The functions of sweep generator and marker genera-
tor often are combined in a single instrument.

Setups for Alignment. — Nearly always it is necgssary that
the metal case of every test instrument, and the chassis of the
receiver or amplifier worked upon, be securely connected to
a common ground. This common ground is preferably a
metal top on the work bench and a metal top on the instru-
ment shelf, with these two well bonded together.

Instruments are provided with one or more ground posts
or terminals in addition to their grounding connections made
through shielded cables. These ground posts or terminals are
to be connected to the metal shelf covering through flexible
copper straps. It is possible that the chassis of the receiver or
amplifier may be well grounded by its contact with the metal
bench top, but it is better to make one or more connections
with flexible copper grounding straps secured by screws or
clamps. :

The effectiveness of grounding may be checked by connect-
ing all instruments to the receiver or amplifier, turning them
on, and letting them warm up. Adjustments should be made
to produce a reading on the voltmeter and a trace on the
oscilloscope. Then the hand is touched to each instrument
and to the receiver or amplifier chassis while observing the
meter and scope. If there is any change in the meter reading
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or in the form of the trace, the grounding is insufficient and
additional connections should be made.

To duplicate the results of alignment as specified in manu-
facturers’ instructions the a-c line should supply 117 volts. If
actual line voltage is less than 115 volts or more than 120
volts a voltage adjusting transformer should be used between
line and receiver.

When working with a receiver having series filaments or
heaters, with one side of their circuit connected directly to the
line and chassis, it is advisable to use an isolating transformer
between power line and receiver. If a voltage adjusting trans-
former has its primary insulated from the secondary it will
act also as an isolating transformer. This should be checked
with an ohmmeter or circuit tester, since some voltage adjust-
ing transformers are of the auto-transformer type.

If no isolating transformer is used, the line plug should be
inserted in the receptacle in a manner to ground the chassis
and thus avoid danger of shock from the hot side of the line.
To check the plug position first connect between the chassis
and a cold water pipe ground an a-c voltmeter capable of
reading line voltage. Then insert the cord plug in the line
receptacle. If the meter reads line voltage or nearly so the
chassis is hot and the plug should be reversed. When the
meter reads zero the chassis is connected to the grounded
side of the power line. Some sets are made with the chassis
“hot” regardless of the way the plug is inserted and therefore
the test equipment must be connected to —B, and the chassis
insulated from ground.

When aligning the front end or tuner, and also when align-
ing the video i-f amplifier, the automatic gain control should
be overridden with a fixed bias as explained in the article on
Gain Control, Automatic. When aligning the sound section
its automatic volume control should be overriden in a similar
manner. Otherwise these automatic controls may flatten the
response curve unless the generator output is kept very low.
Such flattening prevents showing true variations of gain with
changes of frequency. '




0 ALIGNMENT

Alignment sometimes is carried out with the picture tube
removed from the chassis, if the set is not of the type in which
tube filaments are in series such as AC-DC sets. When a mag-
netic deflection type of picture tube is removed, the lead for
its high-voltage anode must be well insulated and supported
where it cannot make contact with chassis metal. Removal of
an electrostatic deflection picture tube may so lessen the load
on the high-potential voltage divider as to increase plate and
screen voltages of amplifier tubes connected to this divider.
In such a case the picture tube should remain connected.

All shielding should, if possible, remain in place during
alignment. If tuning adjustments are altered while shielding
is removed, the frequency response will change when the
shielding is replaced. If many receivers of the same type are
handled it may be advisable to make up dummy shields with
cutouts for passage of tools. Most shielding has openings
through which alignment tools may be inserted, and if not,
no harm will be done by making the necessary small holes.

Connections to Tubes. — Connections from signal genera-
tors to tubes are best made to the tube base pins from instru-
ment leads kept on top of the chassis, rather than to tube socket
lugs from the bottom of the chassis. This is because signal
radiation from exposed connections on the ends of generator
leads then cannot reach the wiring in other circuits.

One of the simplest ways of injecting a signal into a glass-
envelope tube is to slip a metal ring over the outside of the
envelope and move this ring down to a position around the
internal elements. A ring bent from a thin piece of aluminum
is shown at the left in Fig. 1-8. With the generator lead clipped
to the metal ring there is capacitive coupling through the glass
envelope to the tube elements. This method may require a
rather strong signal voltage from the generator in case the
aligned circuits are far out of adjustment to begin with. In-
stead of the ring it is possible to use a close fitting tube shield
with the generator lead connected to the shield. This shield
must not touch chassis metal.
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Another simple connection is made with a short length of
insulated wire as at the right in Fig. 1-8. One end of the wire
is bared just far enough to allow making a single tight turn
around a tube pin, which usually is the pin for the control
grid. This turn should be formed and forced onto the base pin
while the tube is removed from its socket. The other end of

Fig. 1-8.—C ti for li ignal generators fo tubes.

Pung g

the short wire is bared to take the connection from a genera-
tor. Unless too much insulation is removed, the bare wire will
not touch chassis metal when the tube is replaced. Solid wire,
such as hookup wire, should be used in order that the tight
turn will hold in place.

Some television chassis are built with cutouts or openings
in the side to enable the serviceman to reach a socket lug or
other component parts. In such cases the recommended proce-
dure is to bare one end of wire, make a small hook on the end
and pass it through the opening to reach the socket lug or
other component part.

Test adapters are available for all types of tubes. Each
adapter has socket openings mounted above base pins, with
outwardly extending lugs connected to each pin. With a tube
inserted in the adapter, and the adapter placed in the tube
socket, it becomes possible to make test connections to any
elements. Test adapters are not recommended when working
at television frequencies since the removal after alignment
will detune the circuit and possibly cause mis-alignment. Some
receivers have special test jacks or terminals which allow mak-
ing alignment connections to correct points for both signal
input and output.
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If a generator connection is made to the control grid of a
tube it is necessary that a capacitor be in series with the lead
in order that d-c grid bias may be maintained. Some generators
have a capacitor built in. Otherwise an external capacitor
must be on the generator lead. At the high frequencies used
in television, a capacitance of 10 to 20 mmf should be ample
to pass the required signal, although it is best to adhere to the
manufacturer’s recommended values. The series capacitor 1s
not needed when introducing a signal through a metal ring
or a shield placed over the tube.

After all test connections have been made and the grounding
checked, the receiver or amplifier and all the test instruments
should be turned on and allowed to warm up for 20 to 30
minutes before commencing alignment. This is required in
order that all resistors, inductors, and capacitors may reach
their normal working temperatures and values before being
adjusted for frequency response.

For alignment of i-f amplifiers there is no objection to using
a screw driver or wrench having a metal tip in an insulating
handle, but for alignment of r-f and oscillator circuits the tool
should be wholly of insulating material.

Every change of a tuning adjustment in any one circuit will
affect not only that circuit but also others which are connected
or coupled to it, or whose inductors or capacitors are close to
those of the first circuit. As a consequence, the adjustments of
all associated circuits should be gone over after any alignment
has been altered.

Tuning Wand. — A tuning wand is 2 means for determining
the probable effect of altering alignment adjustments before
the adjustments actually are changed. The wand, illustrated
by Fig. 1-9, usually consists of six to eight inches of insulating
rod or tubing having on one end a small cylinder of non-

Magnetic (lron) Non-magnetic

R ==
Increases Lessons
Inductance Inductance

Fig. 1-9.—A tuning wand.
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magnetic metal, such as copper, brass, or aluminum, and on
the other end a small cylinder of iron, such as the powdered
iron slugs used in some transformers. The metal ends should
be covered with insulation, possibly cellophane tape, so they
won’t cause short circuits when touched to bare wires.

When the iron end of the wand is brought into the field of
a coil it increases the inductance, and the effect is the same as
though the alignment adjustment were altered in a way to
increase inductance. When the non-magnetic end of the wand
is brought into the field of a coil it reduces the effective in-
ductance, and the effect is the same as though the alignment
adjustment were changed to reduce inductance.

Frequency of resonance is decreased by adding inductance,
and increased by reducing inductance. Resonant frequency is
also decreased by adding capacitance, and increased by lessen-
ing capacitance in a tuned circuit. Capacitance acts like in-
ductance in its effect on resonance. Consequently, using the
iron end of the wand shows what will happen with an increase
of inductance, an increase of capacitance, or both. Using the
non-magnetic end shows what will happen when reducing in-
ductance, reducing capacitance, or both.

While observing a response curve on the oscilloscope the
ends of the wand may be brought near each coil or transformer
to identify the portions of the response curve which will under-
go maximum change when that coil or transformer is adjusted.

The wand may be used to determine what adjustment is
needed to make a circuit resonant at any given frequency.
With that frequency being applied to the circuit the ends of
the wand are brought to the coil or inductor. If response or
gain is increased by the iron end, the adjustment should be
changed to increase either inductance or capacitance. If gain
increases with the non-magnetic end of the wand, the circuit
needs less inductance or capacitance to make it resonant. If
gain decreases with both ends brought near the inductor, the
circuit already is resonant at the applied frequency.

Overall Check of Alignment. — After a tuner and video i-f
amplifier have been separately aligned, or after either one has
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been aligned, they should be operated together while observ-
ing the overall response from antenna to video detector output.

With the regular antenna or transmission line disconnected
from the receiver, connect the high sides of the sweep and
marker generators to either antenna terminal. Connect the
low sides of the generators to ground, as shown, or to a second
antenna terminal if the receiver is designed for balanced in-
put. Connect the vertical input of the oscilloscope to the high
side of the video detector load resistor and the low side to
ground. The horizontal input of the scope would be connected
to the sweep output of the generator if synchronized sweep is
employed. :

Override the automatic gain control with a fixed bias. Set
the contrast control to a usual operating position, say about
one-third down from maximum. If there is a fine tuning or
trimmer adjustment for the r-f oscillator set this control to its
midposition. Turn on the instruments and the receiver, and
allow about 20 minutes for warming up.

Then set the channel selector of the receiver to any channel,
preferably one on which reception is known to be possible.
Advance the vertical gain control of the oscilloscope and the
output control or attenuator of the sweep generator. Adjust
the sweep width for about 10 mc and tune the frequency ad-
justment of the sweep generator to bring a response curve onto

Video Video
Sound Sound

Fig. 1-10.—Overall response curves with markers for video and sound
carrier frequencies.

the screen of the oscilloscope. Keeping the vertical gain of the
scope well advanced, reduce the output of the sweep generator
to the lowest value which produces a trace of readable height.
It is next in order to set the receiver channel selector to the
highest channel and tune the sweep generator to bring a re-
sponse curve onto the scope. Then tune the marker generator.



ALIGNMENT 15

to the video carrier frequency for the channel being checked,
and next to the sound carrier frequency of the same channel.
As shown by Fig. 1-10, the video marker should appear about
half way down on one slope of the curve, and the sound marker
far down or in a dip produced by a sound trap on the other
slope. .

If the marker generator does not provide carrier frequencies,
but tunes only through intermediate frequencies, the setup
may be modified as shown by Fig. 1-11. The sweep generator
is connected to the antenna transformer and the oscilloscope to
the video detector load resistor as previously explained. The

Sweep Marker Oscillo-
2 scope

Video
Antenna Detector
Coupler =
Fig. 1-11.—Applying marker signals to the mixer tube with the swee

generator connected to the antenna terminals. .

marker generator is coupled to the mixer tube. All other prep-
arations and steps for checking are the same as with the marker
connected to the antenna terminals, except that the marker
generator now is tuned first to the video intermediate fre-
quency and then to the sound intermediate frequency of the
receiver rather than to carrier frequencies.

This second method will show where the intermediate fre-
quencies are located on the overall response curve. The
markers will move with the curve as sweep frequency is
changed. There will be nothing to identify either video or
sound carrier frequencies on the response, since they are not
being introduced by any of the test instruments.
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AMPLIFIERS, BROAD BAND. — Broad band amplifiers are
those which provide gain throughout a range of frequencies ex-
tending over three to six or more megacycles. This classification
includes the television r-f amplifier, the video if amplifier,
and the video amplifier. Typical frequency responses are
shown by Fig. 2-1. R-f amplifiers must cover somewhat more
than a six-megacycle band, or somewhat more than the fre-
quency width of one channel. Video i-f amplifiers must cover
a total range of about six megacycles. Video amplifiers must
operate at frequencies all the way from less than 60 cycles to
something between three and five megacycles.

Operating frequencies are highest in r-f amplifiers, lower
in video i-f amplifiers, and lowest in video amplifiers. Thus
the difficulties due to high frequency are greatest in r-f am-

Video Sound Sound Video
Caorrier Carrier I-F 1F
1
1}
: | | :
| ' [
- ' |
! : | |
| | | |
le— 45mc —al l«— 4.5mc —>!
I
R-F Amplifier Video I-F Amplifier

Video Amplifier

Fig. 2-1.—Typical frequency responses of broad band amplifiers.

plifiers and least in video amplifiers. In neither the r f ampli-
fier nor the video i-f amplifier are there any problems due to
low frequency amplification, both work with minimum fre-
quencies in excess of 20 megacycles. In the video amplifier,
however, it is necessary to have fairly uniform gain from very
low frequencies all the way through to three or four mega-
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cycles. This calls for compensation at both low and high fre-
quencies. Design and performance of the several types of
broad band amplifiers are discussed in articles relating to
each type.

Effective band width of high-frequency amplifiers tends to
increase with frequency. The band is widened also by increas-
ing the ratio of tuning inductance to tuning capacitance, and
by lessening high-frequency resistance or losses. The response
is widened by less resistance because this increases the Q-fac-
tor, raises the entire response curve, and causes greater sep-
aration between the low and high frequency limits at which
gain commences to fall off appreciably.

Operating frequencies in r-f amplifiers and video i-f ampli-
fiers are high enough to call for careful design and construc-
tion. A principal requirement is reduction of stray and dis-
tributed capacitances. This is accomplished by using very
short leads in circuits for control grids and plates, and by
keeping all parts of these circuits well separated from chassis
metal. Low-loss insulation and supports, including that in
tube sockets, have low dielectric constants and introduce min-
imum capacitance. Parts of small physical size are preferable
to large ones, for capacitance to ground increases with size.
Capacitance is reduced by keeping plate and grid leads away
from other parts.

Coupling
Capacnor

(WL f

PecZking
“Inductors ) ’

Load Grid
Resistor Resistor
Plate
Decoupling

Filter

Fig. 2-2.—Parts which affect response at lowest and highest frequencies in
video detector and video amplifier couplings.
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R and video i-f amplifiers are tuned types, designed to
resonate in their frequency bands. Video amplifiers are un-
tuned. They are resistance-capacitance coupled types with
special means for maintaining fair degrees of gain at lowest
and highest frequencies in spite of both the reactive opposi-
tion and the bypassing effects of stray capacitances and tube
capacitances. Low frequency response may be improved by
correct choice of the cathode bias filter, the coupling capaci-
tor, the plate decoupling filter, and the grid resistor shown
in Fig. 2-2. High-frequency response is improved by suitable
choice of peaking inductors and plate load resistor.

Capacitance for tuning at carrier frequencies and at video
intermediate frequencies sometimes is in the form of adjust-
able capacitors. More often the tuning capacitance consists of
the sum of internal capacitances of the tubes, distributed capac-
itance of tuning inductors, and stray capacitance of wiring
and parts. Then the frequency of response is changed by vary-
ing the tuning inductance. The total of all the fixed capaci-
tances usually is on the order of 10 to 15 mf, which is more
than ample for high-frequency tuning with adjustable induc-
tance.

AMPLIFIERS, DIRECT-COUPLED. — A direct-coupled ampli-
fier is one in which the plate of one tube is conductively con-
nected, without intervening capacitor or inductor, to the con-
trol grid of the following tube. The principle is shown by Fig.
3-1, where the elements of both tubes are connected to various
points along a voltage divider between B+ and B-. Any
suitable voltages might be used, those shown on the diagram
being merely illustrative.

The grid of tube A is connected through a grid resistor to
B—, which may be considered as at zero voltage. The cathode
of this tube is connected to a point 10 volts positive on the
divider, giving the grid a 10-volt negative bias. The plate of
tube A and the grid of tube B are connected together and to
a point which is 160 volts positive on the divider. Plate-to-
cathode voltage on tube A thus becomes 150 volts. 'The cath-
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ode of tube B is connected to 180 volts on the divider, and
since the grid of this tube is connected to 160 volts, there is
a 20-volt negative grid bias. The plate of tube B is connected
to 380 volts at B+, making the plate-to-cathode voltage 200
volts.

. [ ML N N\ MVVVWA__J
I 0  +10v +160v  +180v +380V ’
B— B+

Fig. 3-1.—Elementary principle of the direct-coupled amplifier.

A direct coupled amplifier will follow very low frequencies.
The low limit is determined by reactances of capacitances in
the tubes and the B-supply. High frequency amplification is
limited by effects of tube and stray capacitances, just as with
any high-frequency amplifier. Direct coupling sometimes is
used from the plate of the final video amplifier to the control
grid of the picture tube.

AMPLIFIERS, RADIO-FREQUENCY. — The r-f amplifier is part
of the tuner or front end of the television receiver, where are
found also the r-f oscillator and the mixer. Signals from the
antenna, at carrier frequencies, are applied to the input of the
1-f tube, and from the output of this tube are taken to the
control grid of the mixer. R-f amplifier tubes most often are
sharp cutoff pentodes or else twin triodes, both of the minia-
ture type.

Fig. 4-1 shows one of the simplest couplings used between
antenna and r-f amplifier. The center-tapped coil La is as-
sumed to provide a reasonably good match of its own im-
pedance to that of the antenna and transmission line at all
frequencies to be received. With such a simple coupling there
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is little voltage gain from antenna input to r-f amplifier
output.

The output circuit of the r-f amplifier always is tuned °
frequencies in each channel to be received. This provic
selectivity against signals in other channels, reduces the

To
Mixer

lrﬂé"b La & g
H]
¢ ?"

- AGC
Fig. 4-1.—Untuned coupling between Fig. 4-2—Input coupling whose im-
antenna and r-f amplifier. pedance is changed for different
channels.

sibility of image interference, and prevents radiation frc
the r-f oscillator through the antenna. It is for these reaso
that the r-f amplifier is useful, even when it contributes ne¢
ligible gain.

The more nearly the input impedance of the receiver
matched to the impedance of antenna and transmission lin
for each channel frequency the greater will be the gain. Whe
a single antenna element is used for more than one channel
there is change of antenna impedance with every change of
frequency from channel to channel. In the receiver input
coupling there is also a change of impedance with every change
of frequency, as is true with any circuit containing inductance
and capacitance.

Variation of input impedance between low band and high
band channels is lessened in some receivers by altering in-
ductance or capacitance of the input circuit. In Fig. 4-2 the
inductance is lowered for high-band reception by closing
switch H to place inductors Lb in series with each other and
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in parallel with inductor La. In the article on tuners are shown
,more elaborate methods for tuning antenna coupling circuits
" for each channel, and methods for tuning the coupling between
t-f amplifier and mixer tubes.
* In ordinary triode amplifier circuits- operated at very-high
ad ultra-high frequencies there is strong tendency to oscillate
recause of,feedback through plate-grid capacitance, from the
high r-f potential on the plate to the high side of the grid
circuit. Oscillation may be prevented by using circuits such

To Mixer

Fig. 4-3.—Connections vsed for grounded grid r-f amplifiers.

as that of Fig. 4-3. Here the grid is grounded. The antenna
_input signal is applied between the cathode and the grounded
_ grid, which places the cathode at high r-f potential on the
input side. The output signal is taken from between plate
and grounded grid, with the plate at high r-f potential on the
output side. The grounded grid acts as a shield between
cathode and plate, or between the high sides of output and
. input circuits, and reduces feedback capacitance to a very
 low value.

In television tuners a twin triode may be connected as at
the upper right of Fig. 4-3 to operate as a grounded grid
amplifier. A pentode may be connected as a triode, shown at
the lower right, and operated as a grounded grid amplifier.
There are also smgle triode tubes designed especmllv for
grounded grid operation.
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AMPLIFIERS, SWEEP. — The sweep amplifiers of a television
receiver have for their input signals the sawtooth voltages
coming from the sweep oscillators. The output consists of
amplified sawtooth voltages for deflection of the beam in an
electrostatic picture tube, or else consists of sawtooth currents
for a magnetic deflection picture tube. The electrical relation
of the sweep amplifiers to other sections of a receiver is shown
by Fig. 5-1.

ﬁound Section J

Vid Vid vid Grid- 1
ideo ideo 1deo ! -
1-F Amp.| |Detector | Amp. i Cathode ]

Picture

rCireuit | h
;Deflect'lon !
Sync. ] | System
Tokeoff|] = =---p=- o
Vertical Vertical :
/ Sweep Osc. Sweep Amp.
Sync. —
Sectjon : : ,
Horizontal ';‘Hoi'r‘l__zon'tgl N
Sweep Osc. -Sweepz;A"m_p_i

Fig. 5-1.—Electrical relations of sweep amplifiers to other parts of @
television receiver.

Classified according to purpose there are four kinds of
sweep amplifiers.

a. Vertical amplifiers for electrostatic picture tubes.

b. Horizontal amplifiers for electrostatic picture tubes.

¢. Vertical amplifiers for magnetic picture tubes.

d. Horizontal amplifiers for magnetic picture tubes.

The operating frequency of vertical amplifiers is the field
frequency of 60 cycles per second, and of horizontal amplifiers
is the line frequency of 15,750 cycles per second. This great
difference between frequencies calls for differences in design,
with horizontal amplifiers having to meet more stringent
requirements than vertical amplifiers.



AMPLIFIERS, SWEEP 23

Electrostatic amplifiers are required only to provide gain,
without change of waveform, for a sawtooth voltage. Ampli-
fiers for magnetic deflection systems must change the sawtooth
voltage to a modified form which will produce a sawtooth
current. Requirements for magnetic amplifiers are more
difficult to meet than are those for electrostatic amplifiers.

Amplifiers for Electrostatic Deflection. — In order to deflect
the electron beam in an electrostatic picture tube it is neces-
sary to apply to the four deflection plates of the tube the four
sawtooth voltages represented in Fig. 5-2. To the two hori-
zontal deflection plates are applied voltages which make one
plate become more and more positive, while the opposite
plate becomes more and more negative. This deflects the beam

+
N\j\]\j\ Picture
= Tube

Horizontal
Oscillator

Verticaf
Oscillator

Fig. 5-2.—Sawtooth voltages for horizontal and vertical electrostatic deflection.

toward the plate which becomes increasingly positive. Then
the two voltages reverse in direction of polarity changes to
cause retrace of the beam. To the two vertical deflection plates
are applied two sawtooth voltages which reverse their polari-
ties in similar manner, but at the much slower rate required
for vertical deflection.
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It is quite common practice to use one sweep amplifier tube
for each of the four deflection voltages. Two sweep amplifiers
then operate from the horizontal sweep oscillator, and the
other two operate from the vertical sweep oscillator. The two
horizontal deflection voltages must be of opposite phase, as
shown by Fig. 5-2, and the two vertical deflection voltages
likewise must be of opposite phase. To accomplish this change
of phase, one amplifier of each pair is operated as a phase
inverter, just as one tube in any push-pull resistance coupled
amplifier is operated as a phase inverter.

One method of coupling the two sweep amplifiers is illus-
trated by Fig. 5-3. The two amplifiers are shown by separated
symbols to make the diagram easier to follow, although they
ordinarily would be the two sections of a twin triode. The
sawtooth voltage is formed initially by charge and discharge
of sawtooth capacitor Cs as controlled by action of the sweep
oscillator or a discharge tube. Amplitude of the sawtooth volt-
age is regulated by the size control resistor. The sawtooth volt-
age is applied through coupling capacitor Cc to the grid of am-
plifier 4.

The plate of amplifier 4 is coupled to one of the deflection
plates of the picture tube through capacitor Ct, thus apply-
ing to that plate the full output voltage of this amplifier. The
opposite deflection plate of the pair is coupled to the plate

VANVA \
From !
Sweep Osc.
Picture
Tube
Cs R‘é
Control !B+

Fig. 5-3.—C chi for a ph inverter in an electrostatic sweep amplifier.
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of amplifier B through another capacitor Ct. The output volt-
age of this amplifier must be of the same amplitude as that
from amplifier 4 in order that the beam may be deflected equal
distances both sides of centér. To have equal output ampli-
tude at the plate, the signal voltage at the grid of amplifier B
must be of the same amplitude as at the grid of amplifier 4.
This voltage for the grid of amplifier B is secured from a re-
sistance type voltage divider consisting of resistors Ra and Rb
in the plate circuit of amplifier 4.

Across the entire voltage divider, from the top of Ra to the
bottom of Rb appears the output voltage of amplifier 4, which
is greater than the grid signal voltage on this same amplifier
because of gain in the tube. By taking the connection for the
grid of amplifier B from a point far enough down on the di-
vider, this grid voltage is made the same in amplitude as the
grid voltage for amplifier 4, and then the plate outputs of the
two amplifiers will be of equal amplitudes.

As an example, the effective gain in amplifier 4 might be
20 times. Then the signal voltage for the grid of amplifier B
should be 1/20 of the voltage appearing across the entire volt-
age divider. This would require resistance in Rb equal to 1/20
of the sum of the resistances in Ra and Rb. The resistance of
Ra might be 95,000 ohms and that of Rb 5,000 ohms. The sum
of Ra and Rb will, of course, depend on the plate supply volt-
age, the plate current, and the voltage required at the plate of
amplifier 4. In any case, the values of resistance and of gain in
amplifier 4 must satisfy this equation.

Ra + Rb

Rb = effective gain

Effective gain always is considerably less than the amplifi-
cation factor of the tube. but depends on so many factors that
computation is not practicable. Correct division of resistances
in the voltage divider would be arrived at by using a potentio-
meter in series with enough resistance to allow desired plate
current and voltage, adjusting the slider of the potentiometer
to obtain equal plate outputs from the two amplifiers, and
measuring the resistances as adjusted.
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Inversion of sawtooth voltage polarity occurs as shown on
Fig. 5-3. Polarity or phase in the plate circuit of amplifier 4
is opposite to that at the grid of this amplifier. Polarity at the
grid of amplifier B is the same as at the plate of amplifier 4.
Polarity at the plate of amplifier B is opposite to that on its own
grid, and so is opposite to the polarity at the plate of amplifier
A. It must be kept in mind that there is inversion of signal
voltage polarity between the control grid and the plate of
any tube having these two elements.

In Fig. 5-4 the sawtooth voltage for the grid of ampliher B
is reduced in amplitude by means of a capacitance voltage di-
vider instead of the resistance divider of the preceding dia-
gram. The capacitance divider consists of capacitors Ca and
Cb connected in series with each other between the plate of
amplifier 4 and ground. Instead of considering resistances we
now consider capacitive reactances. If we still assume the effec-
tive gain in amplifier 4 to be 20 times, then the reactance of
capacitor Cb should be 1/20 of the sum of the reactances of
Ca plus Cb. The reactance at Cb always will be relatively
small and that at Ca relatively large. Small capacitive react-
ance calls for relatively great capacitance, and large reactance
calls for small capacitance. Consequently, the capacitance of
Ch always will be much greater than that of Ca.

The divider capacitances in a vertical amplifier system
(operating at 60 cycles) might be 0.0015 mf at Ca and 0.02

i
i)

B+

[

Fig. 5-4.—Capacitance voltage divider feedin; the grid of o phose inverter.
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mf at Cb. The respective capacitive reactances at 60 cycles
would be about 1,770,000 ohms and 153,000 ohms. Then the
reactance at Cb would be about 7 per cent of the total re-
actance, and abeut 7 per cent of the signal voltage from ampli-
fier 4 would be applied to the grid of amplifier B.

To have the same reactances in a horizontal amplifier sys-
tem (operating at 15,750 cycles) would require capacitance of
about 5.7 mmf at Ca and about 76.2 mmf at Cb. This small
capacitance at Cb would be in parallel with the grid-cathode
capacitance of amplifier B and stray capacitances in the grid
circuit, which might add 10 to 20 mmf capacitance to what-
ever is used at Cb. Also, the entire voltage divider is paralleled
by plate-cathode capacitance of amplifier A4 and various stray
capacitances. Correct divider capacitances would be deter-
mined by using adjustable capacitors to obtain equal ampli-
tudes from the plates of the two amplifiers, then measuring
the actual required capacitance and installing suitable fixed
capacitors.

Unless the sawtooth voltages from the two sweep amplifiers
actually are of very nearly equal amplitudes the pattern or
picture will be enlarged on one side and contracted on the
other side. There will be lack of linearity. In some receivers
either one or the other of the resistors or capacitors in the
voltage divider is of an adjustable type. This adjustment be-
comes a control for horizontal linearity.

Note that with the resistance divider of Fig. 5-3 there has
to be a blocking and coupling capacitor Cg to keep B+ volt-
—

To

Picture
Tube

B8+

Fig. 5-5.—Resistance voltage divider fed through a blocking capacitor.
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age from the grid of amplifier B. This d-c blocking function
is served in Fig. 5-4 by capacitor Ca which is part of the volt-
age divider. Where a separate blocking capacitor has to be
used, its capacitance is great enough and its reactance small
enough as not to appreciably affect the voltage divider action.

In Fig. 5-5 the d-c blocking capacitor Cg is between the
plate of amplifier 4 and the top of the resistance type voltage
divider. The capacitive reactance of Cg adds to the resistance
of Ra for the portion of the divider above the grid connection.
The capacitance of a blocking capacitor in this position usually
is large, and its reactance small in comparison with the re-
sistance of Ra.

To maintain or improve the linearity of either vertical or
horizontal deflection a feedback voltage may be employed as
shown by Fig. 5-6. A connection is made through a resistor
R, and sometimes through both this resistor and a series ca-
pacitor C, from the plate of amplifier B to some point preced-

AVAVAN
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e C
3 — —/ Feedback
Fig. 5-6.—Feedback tion for improving linearity of an electrostatic

sweep amplifier.

ing the coupling capacitor Cc for the grid of amplifier 4. From
phase or polarity relations shown on the diagram it may be
seen that the feedback voltage is in phase with the sawtooth
voltage applied to the grid of amplifier 4.

Resistance in series with the feedback line usually is some-
thing between 2 and 10 or more megohms, but may be less
when there is also a series capacitor. The resistance, or part
of it, may be adjustable. This adjustment becomes a control
for linearity.
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Fig. 5-7 shows a method of using a single sweep amplifier
tube for furnishing deflection voltages to both plates of a pair
in an electrostatic deflection picture tube. In the amplifier
plate circuit is an auto-transformer whose outer ends are con-
nected through blocking and coupling capacitors to the plates

A {|
A
From Ampllﬁef Ct
Sweep Osc.
i
]
i
Size ' Ct
' )
8+ ? : e : —

Fig. 5-7.—A single sweep amplifier feeding both plates of a pair for
electrostatic deflection.

in the picture tube. As with any transformer, the instantane-
ous voltages at opposite ends of the winding are of opposite
polarity or phase. Consequently, the sawtooth voltages sup-
plied to the picture tube plates are opposite in their changes
and produce the effects illustrated by Fig. 5-2.

Capacitor Cs charges through the size control resistors and
discharges through the sweep oscillator to produce the saw-
tooth voltage for the amplifier grid. The series resistor and
capacitor shown in the broken-line connection from the trans-
former back to the amplifier grid are for correction of linear-
ity, which otherwise might be distorted with this amplifier
circuit.

Fig. 5-8 shows how sawtooth voltages in opposite phase from
the plate and cathode of a sweep oscillator may be applied to
deflection plates of a picture tube without the use of any am-
plifiers. The blocking oscillator here illustrated is a conven-
tional type with the oscillation transformer coupling the
plate of the tube back to the grid. Grid bias is provided by
Rg and the hold control resistor acting as grid resistance,
with capacitor Cg acting as grid capacitor.
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While the oscillator is blocked or non-conductive, saw-
tooth capacitor Cs charges through its ground connection to
B—, and through the top winding of the double choke and
the size control resistor to B+. When a sync pulse causes the
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Fig. 5-8.—Electrostotic deflection requiring no amplifier tubes.
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oscillator to become conductive, with its grid momentarily
positive, there is sudden discharge of capacitor Cs through
the tube. Electron flow for this discharge passes from cath-
ode to plate inside the tube. Flow to the cathode comes
through the lower winding of the double choke, by way of
its ground connection to B—. Flow from the plate discharges
Cs and momentarily causes a large current in the upper wind-
ing of the double choke.

The impedance of any choke windings increases with rate
of change of electron flow. Discharge of the sawtooth capaci-
tor tends to cause a sudden increase of flow in the windings,
but the resulting counter-emf prevents any appreciable flow.
Thus the choke windings permit the relatively slow charge
of Cs through them, but offer such high impedance to sudden
discharge that the discharge is forced to take place through
the tube.

Magnetic Deflection Sweep Amplifiers. — The deflection
voltage developed by a sweep oscillator controlling charge and
discharge of a capacitor is of sawtooth waveform. In the de-
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flection coils for the picture tube designed for magnetic de-
flection there must be a current of sawtooth waveform. When
the original sawtooth voltage is applied to the control grid of
a sweep amplifier there will be a sawtooth voltage developed
across the load in the plate circuit, but only with amplifier
tubes of high plate resistance will the plate current be of saw-

Sowtooth

Squore

ST L

Deflection Current

Grid Voltoge

Fig. 5-9.—Characteristics of a grid voltage which produces a sawtooth plate current.

tooth waveform. Sweep amplifier tubes for vertical magnetic
deflection systems ordinarily are power triodes, power pent-
odes, or beam power tetrodes, with the latter two types con-
nected as triodes. All these tubes then have relatively low
plate resistance and will not develop a sawtooth plate current
when a sawtooth voltage wave is applied to their grids.

The reason for the difficulty is that the inductive reactance
of the transformer windings and deflection coils in the ampli-
fier plate circuit is large in comparison with the plate resist-
ance of the tube. Were the plate load purely inductive, with
only inductive reactance and no resistance, a sawtooth current
would be produced in that load only by application of a square
wave of voltage. Actually the plate circuit load is partly in-
ductive and partly resistive, and to produce in it a sawtooth
wave of current requires a voltage which is a combination of
sawtooth and square waves. The general form of such a voltage
is shown by Fig. 5-9. This is the form of voltage wave which
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must be applied to the grid of the vertical sweep amplifier
which has low plate resistance.

The combination sawtooth wave with a negative pulse or
negative square wave may be produced by connecting a resis-
tor Rs of Fig. 5-10 in series with the sawtooth capacitor Cs.
When the oscillator or discharge tube becomes conductive
for the retrace period the sawtooth capacitor has to discharge

Amplifier Deflection

at ’
Oscillator or Coils

Discharge Tube IC
1

.
Cs
Size gﬁ‘s jl:
Control = =
B+ B+

Fig. 5-10.—Circuit for production and use of a sawtooth voltage combined
with a square pulse.

Rg

through the series resistor. The rate of discharge is slowed
down by the resistor. The rate depends on the time constant
of the sawtooth capacitor and its series resistor. The greater
the capacitance and the greater the resistance, the slower is the
discharge. By suitable choice of capacitance and resistance, or
of their time constant, some of the original charge still will
remain on the sawtooth capacitor when the oscillator or
discharge tube again becomes non-conductive.

Charge and discharge of the sawtooth capacitor, and the
resulting voltage for the amplifier grid, now are as shown by
Fig. 5-11. Referring to the left-hand graph, the capacitor is
charging and its voltage is rising until the instant represented
by point a. At this instant the oscillator or discharge tube
becomes conductive, and there is instant drop of voltage from
a to b because the plate-cathode resistance of the tube becomes
nearly zero when the grid is made positive. The capacitor
discharges through the tube, and continues to discharge during
the period from b to ¢. At the instant represented by ¢ the
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tube becomes non-conductive, its grid goes negative beyond
the value for plate current cutoff.

Because the rate of capacitor discharge has been retarded
by resistor Rs, there is still some charge remaining at instant
c¢. Then the voltage rises to a value proportional to this re-
maining charge. The rise of voltage is from ¢ to d. Then, with

Charge

T
Q (S
b
£
Longer Shorter

Time Constant
Fig. 5-11.—How the negative pulse is added to the sawtooth voltage.

Dilschorge

the tube remaining non-conductive, there is the usual charg-
ing and rise of voltage along the line from d to e. Everything
at e is the same as at a, and the performance repeats over and
over.

If the resistance of Rs or the 'capacitance of Cs is increased,
the time constant is lengthened, there is slower discharge, and
a greater retained charge and voltage. Then the voltage wave
changes as shown by the center graph of Fig. 5-11. If resistance
or capacitance is lessened the time constant is shortened, there
is more rapid discharge to a lower voltage, and the voltage
wave becomes as shown at the right. )

Such changes of voltage waveform at the amplifier grid
cause changes in the waveform of current in the deflection
coils and alter the distribution of picture elements between
top and bottom of the screen. This means a change in vertical
linearity. In some receivers the resistor Rs or part of it is made
adjustable. This adjustment is a control for vertical linearity.
Sometimes it Is called a peaking control because it varies the
amplitude of the negative peak added to the sawtooth voltage.
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The vertical sweep circuit for magnetic deflection as shown
by Fig. 5-12 is used in many receivers. In series with the saw-
tooth capacitor Cs is the discharge limiting resistor Rs whose
function has been explained. But instead of the lower end of
this resistor going to ground it connects to the high side of
the cathode biasing resistors for the amplifier tube. Direct
current for both charge and discharge of the sawtooth capaci-
tor now flows through the biasing resistors in series with
resistor Rs.

The adjustable cathode bias resistor forms a control for
vertical linearity. Its principal effect is on the portion of the
picture above the center, stretching or contracting this top
portion as the adjustment is varied one way and the other.

Capacitance of the sawtooth capacitor Cs is usually 0.05 or
0.1 mf. Resistance in Rs is usually somewhere around 7,500
ohms, and in the cathode bias resistors is usually about 5,000
ohms or somewhat less, with most of this bias resistance in the
adjustable unit. The full range of adjustment will vary the
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Fig. 5-12.—Typical vertical sweep circuit for magnetic deflection.

time constant of capacitance and resistance by about 25 per
cent either way from its average value. At the same time, this
adjustment varies the grid bias of the amplifier to make the
tube operate along different portions of its grid-voltage plate-
current characteristic. This latter effect changes the slope or
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curvature of a curve showing plate current plotted against
grid voltage, and consequently affects linearity. Capacitance
of the bypass capacitor Cb always is large, common values
ranging from 20 to more than 100 mf.

Oscilloscope traces taken from anywhere along the line
from oscillator plate to amplifier grid will have the general
form shown at the left in Fig. 5-13. The height and steepness
of the sloped portion of the trace will be varied by adjustment
of the vertical size control or height control. Traces taken

S'&e

Grid Voltage Plate Voltage

Fig. 5-13.—Oscilloscope traces from input and output sides of the vertical
sweep amplifier tube.

from the amplifier plate will be of the same general form, but
inverted as shown at the right. Adjustment of the vertical
linearity control will make the sloped portion a practically
straight line, as shown, or will make this portion curve either
upward or downward.

Horizontal Magnetic Deflection Amplifiers. — In horizontal
sweep systems for magnetic deflection are quite commonly
found, in addition to the output amplifier circuits, some or all
the features shown toward the right of the diagram in Fig. 5-14.
Each is explained under its own heading in this book, but
they will be mentioned here in relation to the amplifier circuit.

The high-voltage power supply shown at the top of the
diagram, which is of the flyback type, furnishes 8,000 to
10,000 volts for the high potential anode of the picture tube.
High voltage applied to the plate of the diode rectifier is taken
from the top of the primary winding on the output trans-

former. The tapped primary winding raises a pulse potential

of about 5,000 volts to the higher voltage for the rectifier.
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The damper tube suppresses oscillation which otherwise
might continue in the deflection coil circuit after each pulse
of retrace current. Such oscillation would continue at a fre-
quency determined by inductance and capacitance in this
circuit except for the fact that during the first cycle the damper
is made conductive and places such a load on the circuit as
to prevent additional cycles. Damping is not needed in circuits
for vertical deflection, chiefly because of the lower operating
frequency, although resistors usually are connected across the
vertical coils to further reduce any tendency toward oscillation.

The width control of Fig. 5-14 is an adjustable inductor
connected in parallel with a few turns of the secondary wind-
ing on the output transformer. This control alters the effective
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Fig. 5-14.—Typical horizontal sweep circuit for magnetic deflection.

inductance of the secondary winding, changes the strength of
induced emf and deflection current, and thereby increases or
decreases the extent of horizontal deflection and width of the
picture. The width control here illustrated may be the only
one provided for varying the horizontal size of the picture, or
it may be used in addition to an adjustable resistor which
varies the rate and amount of charge on the sawtooth capacitor.
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The linearity control shown connected in series with the
damper tube is another adjustable inductor. This inductor
carries plate current for the amplifier tube. The current path
may be assumed to start at B— or ground, go through the
amplifier cathode to its plate, thence through the lower por-
tion of the output transformer primary winding, the linearity
control inductor, the cathode-to-plate path in the damper
tube, the secondary winding of the output transformer, and
to the B+ connection shown at the right. This linearity
control is, in effect, a low-pass filter whose adjustment makes
some change of phase in the amplifier plate voltage to alter
the portion of its characteristic on which this tube operates.

All of the parts which have been mentioned are in the
amplifier plate circuit or are coupled to that circuit. On the
grid side of the sweep amplifier of Fig. 5-14 we find in series
with sawtooth capacitor Cs a resistor Rs whose action adds a
negative square pulse to the sawtooth wave going to the con-
trol grid of the amplifier. This action is the same as explained
in connection with vertical amplifiers for magnetic deflection.

Oscilloscope traces taken between control grid and ground,
and between cathode and ground, will be about as shown on
the diagram. Without special voltage divider equipment it
is not safe to try taking traces from the plate, because of the
surge potentials which reach 4,000 to 5,000 volts.

Fig. 5-15 shows control grid and cathode connections for
another general type of horizontal sweep amplifier circuit.
Here the sawtooth capacitor Cs is connected to ground through
a series fixed resistor Rs, an adjustable resistor marked Drive
Control, and the cathode bias resistor Rk. Although the ad-
justable resistor usually is called a drive control, it may be
called a linearity control or a peaking control. Actually it
regulates the strength of the negative pulse added to the
sawtooth voltage wave, by changing the time constant of the
capacitor-resistor combination.

The fixed resistance at Rs may be anything between 2,000
and 10,000 ohms. Total resistance of the drive control usually
is between 20,000 and 30,000 ohms. Cathode bias resistance.
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may be something between 50 and 150 ohms. The capacitance
of the bypass, Ck, often is between 20 and 30 microfarads,
although in some receivers it may be as small as 0.1 mf. The
plate circuit of the amplifier, and associated parts, usually are

From Osc. or
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Fig. 5-15.—Sweep amplifier grid-cathode circuit with resistance type drive control.

about the same as shown by Fig. 5-14. Oscilloscope traces taken
at the amplifier control grid and cathode are similar to those
shown on Fig. 5-14.

In the amplifier grid-cathode circuit of Fig. 5-16 there is
no means of adding a negative square pulse to the sawtooth
voltage applied to the control grid. Sawtooth capacitor Cs is
connected directly between the oscillator plate line and
ground, being charged through the left-hand connection to
B+ and discharged through the oscillator.

<

From
Osc.

Fig. 5-16.—Sweep amplifier operated without a neéafive pulse on the
sawtooth grid voltage.



AMPLIFIERS, SWEEP 39

It will be recalled that the reason for adding a negative peak
to the sawtooth voitage wave is to overcome the excess of
inductive reactance compared with resistance in the plate and
deflection coil circuits. There is especial need for negative
peaking with the low plate resistance of power triodes and
other tubes connected as triodes. But beam power tubes have
plate resistances in the neighborhood of 25,000 ohms, which
is several times that of power triodes. By employing a beam
power tube for the horizontal sweep amplifier and using the
least practicable inductance in the horizontal deflection coils,
the ratio of resistance to inductive reactance is considerably
increased. With the tube working into a load which is more
resistive than reactive, a plain sawtooth voltage applied to
the control grid will produce a sawtooth current in the deflec-
tion coil circuit. This is the principle utilized for the amplifier
circuit of Fig. 5-16.

In a number of receivers a negative peak is added to the
sawtooth voltage for the amplifier grid by a feedback connec-
tion such as shown in Fig. 5-17. This feedback is taken through
a high resistance or small capacitance from the line between
output transformer secondary and deflection coils, on the side
which connects to the plate of the damper tube. On this line

17T

Feedback for ,Peoking

o

B+ Drive
Control

Fig. 5-17.—Feedback connection for adding a negative puise to the sawtooth
voltage for the amplifier grid.
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the voltage consists of a series of sharp negative peaks. A trace
taken with the oscilloscope will show peaks of the approximate
form illustrated at the upper right in the figure. When a small
part of the voltage from these pulses is added to the sawtooth
wave developed by capacitor Cs the result is a negative peaked
sawtooth of the general form illustrated above the amplifier
tube. The feedback sometimes is brought to a point ahead of
coupling capacitor Cc and again to a point following this
capacitor.

Fig. 5-17 illustrates also a drive control consisting of an
adjustable capacitor. This control capacitor and coupling
capacitor Cc are in series with each other, and in parallel with
sawtooth capacitor Cs. Thus the coupling capacitor and drive
control capacitor form a capacitive voltage divider with volt-
age lor the amplifier grid taken from between the capacitors.
The fraction of total sawtooth voltage applied to the grid is
equal to the ratio of capacitive reactance in the drive control
to the sum of the reactances in the two divider capacitors.
Adjusting the drive control for less capacitance increases its
reactance, and increases the amplitude of voltage applied to
the amplifier grid.

Wr-Wr Wy

& High
: ) Voltage
Deflection
Coils
Damper
B Voltage % Bulmt) FrBo_T
to other
Circuits = Li;?Tr—ity Supply

Fig. 5-18.—Modifications found in some of the circuits on the plate side of
the horizontal sweep amplifier for magnetic deflection.
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There are, of course, horizontal magnetic deflection ampli-
fiers of types other than those for which diagrams have been
shown. One of these other types is illustrated by Fig. 5-18. The
control grid-cathode circuit of the amplifier tube is similar
to types which have been described. In the plate circuit there
is an output transformer with tapped primary, acting as a
step-up auto-transformer for the high-voltage rectifier system.
This high-voltage system for the high potential anode of the
picture tube here employs the voltage doubling principle
found also in other power supplies.

The width control consists of an adjustable inductor con-
nected to one of the windings on the transformer, acting to
vary the effective inductance and the extent of horizontal de-
flection of the picture tube beam. The horizontal linearity
control is an adjustable inductor in the plate supply line to
the sweep amplifier. The damper tube prevents continued
oscillation in the deflection coil circuit.

There are many variations in circuit details and in con-
nections of parts in the various sweep amplifier systems, but
basic operating principles and methods of control are much
the same in all of them.

AMPLIFIERS, SYNC. — In the sync section of the receiver,
between the sync signal takeoff point and the sweep oscillators,
are tubes operated as separators, clippers, limiters, and ampli-
fiers. The chief purposes of these tubes, considered as a group,
are (1) removal of picture signals from the composite signal to
leave only sync pulses, (2) make all the sync pulses of uniform
amplitude, and (3) bring the sync pulses to the sweep oscilla-
tors in correct polarity for triggering the oscillators. In carry-
ing out these operations the sync pulses may be reduced below
the needed amplitude. The sync amplifier tubes act to increase
the pulse amplitude as may be required. ‘

In addition to increasing the pulse amplitude, each sync
amplifier inverts the polarity of the signal applied to its grid.
Thus the amplifiers affect or determine the polarity of pulses
reaching the sweep oscillators. -

The sync amplifier tubes may be either triodes or pentodes.
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They are operated with plate and screen voltages, and with
control grid biases, which are normal for the particular type
of tube when used as an amplifier. Other tubes in the sync
section ordinarily are operated with very low plate and screen
voltages, or with highly negative grid biases, to cause plate
current cutoff, plate current saturation, or both, under some
conditions.

Sync amplifiers may have coupling capacitor-resistor com-
binations acting in such manner as to decrease amplification
of high frequencies, which would be picture signals, and to
emphasize the low frequencies, which would be the sync pulses.
The grid leak or grid rectification method may be used for
all or part of the sync amplifier bias. This biasing often is
designed in such a way that grid voltage becomes less negative
on weak signals and more negative on strong ones. Thus the
amplifier circuit tends to equalize incoming signals of varying
strength, and to assist the action of sync limiter tubes.

AMPLIFIERS, VIDEO. — The video amplifier of a receiver
consists of one or more tubes and interstage couplings between
the video detector and the grid-cathode input circuit of the
picture tube. The video amplifier receives comnposite televi-
sion signals from the video detector output and delivers these
signals, amplified, to the picture tube. Picture tube grid bias is
such as to cut off the sync pulses while leaving the picture
signals. The takeoff for pulses which go to the sync section of
the receiver often is at some point along the video amplifier.

The composite signal in the video amplifier may be ob-
served by connecting an oscilloscope to any control grid or
plate between the detector output and the picture tube input.
The vertical input of the scope might be connected first to the
detector plate or cathode, whichever serves as output. Follow-
ing connections might be to the control grid of the first video
amplifier, then to the plate of this tube, then to the control
grid of the second video amplifier and so on until the connec-
tion finally is made to either the control grid or the cathode
of the picture tube, according to which of these elements
acts as the input for this tube.
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With the internal sweep of the scope synchronized for
60 cycles, 30 cycles, or other submultiple of 60, the vertical
sync pulses and vertical blanking intervals will appear about
as shown by Fig. 7-1. To observe a pulse and blanking interval
on such a large scale as in the figure it is necessary to increase
the horizontal gain of the scope while operating its horizontal
centering control to bring a single blanking interval onto the
screen.

Vertical Sync
¥ Pulse

sy L«mw\.r =

oty

M'MS

Vertical  Picture
Blanking  Signals
Fig. 7-1.~veitical sync pulses and blanking intervals of the composite signal
in the video omplifier.

The trace may be upright as at the left or inverted as at the
right. If it is upright at the control grid of an amplifier the
trace will be inverted at the plate of the same tube, and if the
trace is inverted at the control grid it will be upright at the
plate.

If the internal sweep of the oscilloscope is synchronized for
7,875 cycles per second, which is just half the line frequency

Horizontal Sync Pulses

Picture
Signals
Fig. 7-2.—Horizontal sync pulses and blanking os shown by the oscilloscope.

Blanking Blanking
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of 15,750 cycles, it will be possible 1o observe the horizontal
sync pulses and blanking intervals in about the form illus-
trated by Fig. 7-2. Again the signal may appear upright as at
the left or inverted as at the right, depending on the point in
the amplifier system to which the oscilloscope is connected.
Because of the higher frequency it is more difficult to obtain
clear traces of horizontal pulses than of vertical pulses. By
connecting the oscilloscope successively to the inputs and
* outputs of the video amplifier tubes between the detector and
picture tube it is possible to follow the composite signal all
the way through this portion of the receiver. The effect of
various controls is easily observed by watching for changes in
the signal trace.

Frequency response. — Video amplifiers are resistance-
capacitance coupled, with features which compensate in
greater or less degree for the natural tendency of such ampli-
fiers to drop off in gain at both very low and very high fre-
quencies. If the gain of the amplifier decreases materially at
low frequencies, any changes of picture tone or shading which
occur only at relatively long intervals will not be well repro-
duced, instead of distinct changes there will be a tendency to
merge all the shadings into a single tone or single degree of
illumination. It is entirely possible for a certain shade to last
throughout an entire frame of the picture, or for even more
than a whole frame. This makes it necessary that the video
amplifier have fairly good response at frequencies as low as
30 cycles per second.

The gain should extend with fair uniformity all the way to
a high frequency limit which depends on how good the defini-
tion or picture detail is to be, and on the diameter of the
picture tube or the size of the raster. With tubes of ten or
twelve inch diameter it is assumed that there should be good
definition of picture elements or details whose horizontal
dimension is equal to the vertical distance between adjacent
lines or traces. Since there are about 490 lines per frame it
should be possible to resolve details whose width is as little as
1/490 of the height of the picture. To attain such resolution
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there must be good response of the video amplifier through
frequencies up to a high limit of four or more megacycles.

With picture tubes of less than 10-inch diameter, horizontal
definition equal to that assumed for a ten-inch tube may be
had with a high limit in megacycles approximately equal to
the ratio of diameters. That is, with a seven-inch tube the high
frequency limit need be only about 7/10 of four megacycles,
or possibly something around a three-megacycle high limit.
With tubes larger than the ten or twelve inch sizes there is
no object in having good video response much higher than
four megacycles, for there is no need of having horizontal
resolution which is better than the vertical resolution. The
vertical resolution can be no better than the vertical distance
between adjacent lines or traces.

The video amplifier must have good high-frequency re-
sponse in order to have sharply defined pictures. The low-
frequency response must be good in order to reproduce slow
changes in light and shade, to avoid trailers at the right-hand
edges of large black objects or large white ones, and to prevent
distortion of sync pulses. It is necessary also to avoid excessive
differences between phase shifts at the two limits of frequency.
Phase shift means a delay in the passage of signals through the
amplifier. It is related to changes of voltage gain, also to time
constants in the circuits. If some frequencies are delayed more
than others the picture will become distorted. On top of all
the other requirements it is desirable to have the highest
practicable gain.

Video Amplifier Tubes. — The voltage amplitude of the
picture signal as applied at the grid-cathode input of the
picture tube must reach peak values which will produce
white tones. That is, the picture tube input signal for white
tones must overcome enough of the negative bias to cause
maximum required intensity of the electron beam. This peak
signal voltage depends on the type of picture tube and on the
anode voltages applied to that tube, but in general the peak
will be something between 40 and 80 volts.
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The detector output voltage will depend on the maximum
peak-to-peak video i-f input to the detector, which varies
greatly in different receivers and with the strength of signal
from the antenna. Maximum signal output voltage from the
video detector usually will be at least 2 volts, but seldom
more than 4 volts. To bring this 2- to 4-volt detector output
up to the 40- to 80-volt input for the picture tube calls for
an overall gain of 10 to 40 times. To provide this gain there
may be one, two, or sometimes three video amplifier stages.

When there is only a single video amplifier it most often
is one of the high-frequency broad-band pentodes designed
especially for television service. When there is more than one
stage the output amplifier most often is a power pentode or
a beam power tube, and the preceding video amplifiers are
voltage amplifying pentodes of types suited to high-frequency
operation. In some receivers the video output amplifier is a
triode.

The two features which are essential in video amplifier tubes
are high transconductance or high mutual conductance, and
small internal capacitances. The effectiveness of a video am-
plifier is very nearly proportional to the ratio of transcon-
ductance to its input and output capacitances, or, at least,
this is the case at the high-frequency end of the band.

Elements of the Amplifier. — Fig. 7-3 shows fairly typical
circuit connections for a two stage video amplifier. The induc-
tors Lp in series with the plate load resistors Ro, and induc-
tors Ls in series with coupling capacitors Cc are used only in
wide-band high-frequency amplifiers such as video amplifiers.
The functions of these inductors will be discussed a little later.
All other elements in the circuit diagram might be found in
any resistance-capacitance coupled amplifier designed to have
reasonable gain at low audio frequencies.

Some of the features to be noted are as follows. There is a
decoupling capacitor Cs connected from the screen to ground
or B-. This capacitor bypasses variations of signal voltage
which appear on the screen, and prevents interstage coupling
which might otherwise occur because of the impedance of the
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voltage dropping resistor in the screen line. There is a de-
coupling capacitor Cd to ground from a point below load
resistor Ro 1n the plate circuit. This capacitor keeps signal
voltage variations in the plate circuit from causing interstage
coupling or feedback due to impedance of the plate voltage
dropping resistor Rd. Capacitor Cd and resistor Rd may have

Video
Output
Video Ls

Amp.

Video
Detector Ls

Picture
Tube

Fig. 7-3.—A two-stoge video omplifier incorporoting feotures in generol use.

such values as will help to maintain good gain at the very low
frequencies to be amplified, as will be explained later.

The suppressor of the first amplifier is connected directly to
ground rather than to the cathode of this tube. The suppressor
of the output amplifier is internally connected to the cathode
of that tube, as is usual practice in power pentodes and some
other types.

Cathode bias resistors Rk are shown as having no bypass
capacitors in Fig. 7-3. With no bypassing there is degeneration,
which lessens the gain of the stage or the effective transconduc-
tance of the tube, but makes for a more uniform gain through-
out a wider range of frequencies. If a bypass capacitor is used
on the cathode there will be a rather pronounced drop in gain
at and near the frequency for which the capacitive reactance
of the capacitor becomes equal to the resistance of Rk. To keep
this frequency low enough to be out of the amplified range
requires very large capacitance in the bypass. A small bypass
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capacitance on the cathode will allow some degeneration at
low frequencies, where the capacitive reactance becomes large,
but at high frequencies this reactance becomes so small as to
allow practically full gain.

Low Frequency Compensation. — Fig. 7-4 shows the parts of
the interstage coupling which chiefly affect how low the fre-
quency may be while still obtaining necessary gain. For any
given transconductance in the tube, gain is directly propor-
tional to impedance of the load in the plate circuit. With high
resistance at Rg, and capacitance at Cc great enough to offer
only small reactance, the plate load is approximately the re-
sistance of Ro and Rg in parallel. It will be shown that, to have
uniform gain over a wide band of frequencies, the resistance
at Ro has to be small, only a few thousand ohms at most. Then
the parallel resistance of Ro and Rg depends almost wholly on
the resistance of Ro, the plate load resistor.

Whatever signal voltage is developed across load resistor Ro
is applied through the reactance of coupling capacitor Cc to
grid resistor Rg, and the signal voltage across the grid resistor
is applied to the control grid of the second tube. The signal
voltage divides between Cc and Rg proportionately to their
impedances, or practically in proportion to the capacitive re-
actance of Cc and the resistance of Rg. The reactance of the
coupling capacitor is inversely proportional to frequency. For
example, the reactance of an 0.05 mf capacitor at 60 cycles is
about 53,000 ohms, at 30 cycles it is about 106,000 ohms, at 20
cycles it is about 160,000 ohms, and so on.

If the resistance of Rg were 500,000 ohms the percentages of
signal voltage appearing across this resistor when using the
0.05 mf coupling capacitor would be approximately 90.4 per
cent at 60 cycles, 82.5 per cent at 30 cycles, and 75.9 per cent
at 20 cycles. If the resistance of Rg were greater, the percent-
ages of signal voltage across it and at the grid of the second
tube would be greater.

In view of all this it is desirable to use the highest resistance
at Rg that is permissible for the type of tube and the kind of
grid biasing employed. The actual resistance usually is some-
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thing between 0.5 and 1.0 megohm. At the same time the
capacitance of the coupling capacitor should be as great as
permissible, and its reactance low. Maximum capacitance
usually is limited by the physical size of the capacitor, for the
greater its size the larger is the capacitance to ground and the
greater the bypassing effect at high frequencies. Capacitance
of 0.1 mf is the usual high limit, although greater capacitances
are used in some receivers.

Fig. 7-4.—Parts of the video amplifier coupling which affect low-frequency response.

At frequencies for which the reactance of bypass capacitor
Cd is small compared to the resistance of dropping resistor Rd,
most of the a-c signal voltage in the plate circuit returns to the
cathode of the first amplifier by way of the bypass. Then plate
load impedance in the path of the signal includes load resist-
ance in Ro and reactance in Cd. The reactance of capacitor Cd
rises as signal frequency drops, and there is some increase of
load impedance to retard the loss of gain at the lower fre-
quencies. For this effect to be of much importance the capaci-
tance of Cd would have to be smaller than ordinarily needed
for decoupling, and the voltage dropping resistance would
have to be greater than usually found in practice.

High Frequency Compensation. — Fig. 7-5 shows those por-
tions of the interstage coupling which have greatest effect on
how high the frequency may be at which the gain remains
satisfactory. First to be noted are the capacitances Co and Ci,
which do not appear in usual circuit diagrams. At Co is repre-
sented the output capacitance of the first amplifier tube, and at
Ci is represented the input capacitance of the following tube.
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Although these internal capacitances are of only a few micro-
microfarads, their reactances drop to such low values at the
higher frequencies as to have important effects on gain. It may
be noted also that the coupling capacitor is not shown. This
because the reactance of this rather large capacitance becomes
so very small at the high frequencies as to have no effect on
circuit behavior or on gain.

The output capacitance of video amplifier tubes in general
use ranges from 2 to 9 or 10 mmf. Input capacitances of these
tubes range from about 5 to 12 or 13 mmf. There are also the
capacitances of sockets and wiring, which usually are, at the

(]]') I
Ls

Lp

Ro

Fig. 7-5.—Elements which chiefly affect the high-frequency response of the
video amplifier.

very least, from 3 to 5 mmf at each end of the circuit. All these
capacitances are effectively in parallel with the load impedance,
and are called shunting capacitances. A low value for total
shunting capacitance on the plate side of the circuit might be
10 mmf, and the total on the grid side might be about 13 mmf.
The total capacitance in parallel with the plate load then
would be about 23 mmf if design and construction were first
class in every respect.

The capacitive reactance of 23 mmf at a frequency of 4 mc
is about 1,780 ohms, at 3 mc is about 2,310 ohms, and even at
92 mc still is only about 3,460 ohms. The impedance of ele-
ments in parallel always must be less than the impedance of
any one of them alone. Therefore, the plate load impedance
can be no greater than the capacitive reactances mentioned at
the respective frequencies so long as the two shunting capaci-
tances remain in parallel with each other.
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The two shunting capacitances can be partially isolated
from each other by inserting the series compensating inductor
Ls anywhere in the line from plate to coupling capacitor. The
inductance of Ls often is somewhere around 100 to 150 micro-
henrys. The inductive reactance of Ls increases with rise of
frequency, while the reactances of the shunting capacitances
become less. The inductive reactance of 100 microhenrys at
2 mc is 1,255 ohms, at 3 mc it is 1,885 ohms, and at 4 mc this
reactance rises to 2,510 ohms. The reactance of 150 micro-
henrys would be just 50 per cent greater at each frequency.

With the shunting capacitances thus separated by Ls their
total effective reactance is raised, and the plate load impedance
is raised accordingly, for improvement of gain at the higher
frequencies. The highest frequency at which the gain remains
fairly good is that for which the capacitive reactance of the
total effective shunting capacitance becomes equal to the im-
pedance of the plate load. High frequency cutoff is extended
by first doing everything economically possible to decrease the
shunting capacitances. This is done by choosing tubes with
small internal capacitances, using sockets whose insulation has
a low dielectric constant, using short wires of small diameter
in the plate and grid circuits, keeping these wires away from
each other and from chassis metal, and by careful assembly in
general.

Then the impedance of the plate load must be decreased
until the high frequency cutoff reaches the required value.
Dropping the plate load impedance decreases the stage gain
while extending the frequency cutoff. Gain is approximately
proportional to the product of tube transconductance and
ohms of impedance in the plate load. Whereas the stage gain
of an uncompensated resistance-coupled amplifier would drop
at high frequencies about as shown by the full line curve of
Fig. 7-6, adding series compensation will extend the gain as
shown by the broken line curve.

It will be found that the inductance of the series compen-
sating coil Ls and total input capacitance at the second tube
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are resonant at about the cutoff frequency. For example, with
total input capacitance of 12 mmf and cutoft around 4.2 mc
the inductance at Ls would be 120 microhenrys.

-==77N\, Series
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Fig. 7-6. -Series p ting inductance extends the range to higher frequencies.

As mentioned before, it is necessary to use a rather small
resistance for load resistor Ro in order to extend the video
range into high frequencies. Where this range is to be ex-
tended to approximately 4 mc the resistance at Ro commonly
is between 2,000 and 6,000 ohms. Where the video frequency
is to extend only to about 3 mc, for the smaller picture tubes,
this resistance may be about 8,000 ohms. Values mentioned
represent common practice, but there may be wide variations.

In series with this load resistance is the shunt compensating
inductor Lp of Figs. 7-3 and 7-5. The inductive reactance of
Lp increases with rise of frequency, and this action tends to
maintain the effective plate load impedance at higher values
in spite of the reduction in reactance of the shunting capaci-
tances as frequency rises. The result is an extension of fre-
quency at which there is satisfactory gain.

The inductance of this shunt compensating coil is resonant
with the total effective shunting capacitance in the tube circuit
at a frequency near the high cutoff value. Because this reso-
nating capacitance is more than in the grid side of the circuit,
the inductance of the shunt compensating coil is smaller than
that of the series compensating coil.

Taking for an example a plate load resistor Ro of 4,000
ohms and shunt coil Lp of 50 microhenrys, the rise of total
impedance with frequency would be only as shown at the left
in Fig. 7-7. But as the inductance of Lp and the shunting
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capacitance approach resonance there is the clfect on gain as
shown at the right. By suitable choice of values, the gain curve
may be extended in almost a straight line well beyond where
it would drop with uncompensated coupling, or the curve may
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Fig. 7-7.—Ertects of using a shunt compensating inductance.

be made to rise through a peak before the gain commences to
drop rather sharply. The peak will be at a frequency somewhat
lower than that at which the coil and the shunting capacitance
would be resonant.

The load resistance which is part of the resonant circuit re-
duces the Q-factor and broadens whatever peaking may occur.
To further reduce the pcaking while still extending the fre-
quency response a resistor sometimes is connected across the
ends of shunt compensating coil Lp. In a few cases there will be
connected across the ends of the shunt compensating coil a
capacitor whose capacitance is about onc-third the shunting
capacitance. The effect is to further extend the high frequency
limit, but there may be decided peaking necar the high end.

Either series or shunt compensation uscd alone will extend
the frequency range of the video amplifier and allow a more
uniform gain through the high-frequency region. The greatest
band width and most uniform gain may be had by using both
scries and shunt compensation in the same coupling. Using
both kinds of compensation makes the phase shift or time delay
for certain frequencies less than with shunt compensation
alone, but this shift is somewhat greater than with only series
compensation.
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It should be mentioned that the value of grid resistor Rg
has little cffect on high-frequency gain. This resistor 1is par-
alleled by the input capacitance of the sccond tube, whose re-
actance becomes so low at high frequencies that no permissible
value of grid resistance would appreciably aftect the total load
impcdance.

Video amplifier frequency response is not easy to measure
with instruments such as usually are available. It would be
neccssary to apply at the input of the amplifier, or output of
the video detector, signal voltages of constant or accurately
measured amplitude at frequencies all the way from below 30
cycles per second to about 5 megacycles per second. Output
could be measured with an electronic voltmeter responding to
alternating voltages, but the indications of usual voltmeters
would vary so greatly in this range of frequencies as to require
use of correction factors known to be correct for each frequency.

Number of Video Amplifier Stages. — There are definite
relations between the number of stages or tubes in the video
amplifier, the element from which detector output 1s taken,
and the element of the picture tube at which there is signal
input.

In Fig. 7-8 the nodulated signal from the output of the
video i1-f amplifier is applied to the cathode element of the
diode type video detector, and detector output is from the
diode plate. For the detector to be conductive its cathode must

Demodulated
Signal

+ Picture

— Sync.

Modulated I-F
Signal
Fig. 7-8.—Picture signals are positive when the detector output is from
the diode plate.
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be negative with reference to its plate. With the connections
shown here the cathode becomes negative only on the negative
swings of the modulated signal. Consequently, only the nega-
tive side of the incoming signal envelope causes current in the
detector output and this output reproduces the negative en-
velope. In the d-c output of the detector the picture portion of
the signal is most positive and the sync pulses least positive,
and when this output passes through any coupling capacitor
to become an alternating voltage the picture signals are on the
positive side and the sync pulses on the negative side of the
wave.

In Fig. 7-9 we have the same modulated i-f signal as before,
but now this signal is applied to the plate of the diode detector.
For conduction to occur in the detector its plate must be made
positive. The plate is made positive by the positive swings of
the incoming signal, and the d-c output of the detector consists

Fig. 7-9.—Sync pulses are posmve in the output from the cathode of a diode detector.

ol the positive envelope of the i-f signal. Now the negative side
of the modulated signal has been cut off by the detector, just
as the positive side is cut off in Fig. 7-8. When the detector
output passes through a capacitor and becomes alternating,
the sync pulses are positive and the picture signals are negative.

The left-hand diagran of Fig. 7-10 shows the signal output
from the video amplifier applied to the cathode of the pic-
ture tube. In order that picture variations in the signal
which are to produce bright arcas inay cause increase of beam
current and brighter traces on the picture tube screen the
control grid of this tube must become more positive or less
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negative with refercnce to the cathode. This is the same as
saying that the cathode must become less positive or more
ncgative, with reference to the grid, o have brighter traces.
Then, for increasing the beam current, it is necessary that
the picture signal make the cathode of the picture tube more
ncgative. In order for this to happen, the picture side of the
applied signal must be negative, and the sync pulses positive,
just as shown on the left-hand diagram. For input to the
picture tube cathode, the sync pulses must be positive and
the picture signal negative.

At the right in Fig. 7-10 the signal from the video ampli-
fier is applied to the control grid of the picture tube. In
order that increases of picture signal amplitude may increase
the beam current and brightness on the screen these increases
must make the control grid more positive or less negative
with reference to the cathode. For this to happen, the pic-
ture side of the applied signal must be positive, and the sync
pulses ncgative, as shown on the right-hand diagram. For
input to the picture tube grid, the picture signals must be
positive and the sync pulses negative.

The detector connection shown in either Fig. 7-8 or in
Fig. 7-9 may be used in a receiver where signal input is to
either the control grid or the cathode of the picturc tube. If
the detector output is of such polarity that it must be inverted
before reaching the picture tube input, a single video amplifier

+ Picture

- Picture — Syne

Video
Amp.

]

)

Fig. 7-10.—Folarities required in signal inputs to the cathode and to the
control grid of the picture tube.



AMPLIFIERS, VIDEO 57

stage and tube will perform this inversion. Any odd num-
ber of video amplifiers would do the same thing, becausc
any signal voltage applied to the control grid of a tube having
a grid and a plate is inverted in the plate circuit of that tube.

If the detector output polarity is the same as the polarity
required at the picture tube input this much of the problem
could be handled by using no video amplifier, only a direct
connection from detector to picture tube. But the detector
output requires amplification. One video amplifier stage will
invert the signal, and a second amplifier will bring the
polarity back to its original form. Consequently, to have no
mversion between detector and picture tube it is necessary
to have at least two video amplifier stages. Any even number
of video amplifiers would accomplish the same thing so far
as maintaining signal polarity is concerncd.

If output from one of the tubes in the video amplifier is
from the cathode rather than from the plate of that tube
there is no inversion by that one tube. Then any tube used as
a cathode follower in the video amplifier system inay be ig-
nored when considering signal inversion or lack of inversion.

Video Amplifier Troubles. — The following are some of the
more unusual faults which may be found in the video ampli-
ficr. If therc is excessive peaking at some {requency it usually
will show up as dark bands or smudges running horizontally
across the vertical resolution wedges in a test pattern. The
cause is likely to be too much inductance in a shunt compen-
sation inductor or some construction or wiring fault which
adds cxcessive stray capacitance, thus bringing a resonance
peak down into the frequencies which should be unifornly
amplificd. 'Too much bypass capacitance across a cathode bias
resistor may reduce degeneration too far and may allow
enough regeneration to cause peaking. Any of these faults
which might cause excessive or incorrectly placed peaking
will affect the sync pulses when the sync takeoff is at some
point in the video amplifier beyond where the trouble exists.
The result may be white trailers or white bands on the right-
hand edges of large black masses in the pictures, or sometimes
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there may be fairly long white horizontal lines on the picture
or pattern. Distortion of the sync pulse waveforms by the
video amplifier may also make vertical lines appear crooked
or skewed when they should be straight.

AMPLIFIERS, VIDEO INTERMEDIATE-FREQUENCY. — ‘T'he
video i-f amplifier of the television receiver extends from the
output of the mixer tube in the tuner section to the input
side of the video detector. Fig. 8-1 shows fairly typical circuit
connections for one of the simpler types of video i-f ampli-
fiers. To the control grid of the first amplifier tube come car-
rier and oscillator frequencies, also their sum and difference
frequencies from the mixer. Tuned circuits select the differ-
ence frequencies and reject the others, just as in the i-f amn-
plifier of a superheterodyne sound receiver. Whereas there
may be only a single i-f amplifier stage in a sound receiver,
the relatively low gains possible at high frequencies make it
necessary to use two, three, or four such stages for television.

Video I-F Amplifier

Video
Detector

_____________________ - Automatic Gain Control

Fig. 8-1.—Connections in a three-stage video intermediate-frequency amplifier system.

Video i-t amplifier tubes are pentodes having high trans-
conductance, usually of the miniature type. Tuning in Fig.
8-1 is by means of a single adjustable inductor in each inter-
stage coupling. Tuning capacitance is furnished by the in-
ternal output and input capacitances of the tubes, by dis-
tributed capacitance of the inductors, and by stray capacitance
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in sockets, wiring, and other parts. Each stage is tuned to
resonance at some certain frequency which is close to or in
between the video intermediate and sound intermediate fre-
quencies. The tuning shown here is “staggered” at different
frequencies so that the overall response of the whole ampli-
fier is satisfactory for the band of frequencies to be handled.

In other receivers the necessary wide frequency response
may be provided by transformers with two closely coupled
windings, somewhat similar to i-f transformers for sound
receivers. In still others, some of the couplings are with trans-
formers giving a double-peaked response, and other couplings
in the same amplifier are single tuned inductors or may be
loosely coupled transformers providing a single peak in their
response. In any of these designs the i-f amplifier must handlc
a frequency band three to four megacycles wide when it car-
ries only picture and sync signals, or a band even wider in
stages carrying the entire compositite signal, including sound.

Some types of video i-f tubes have their suppressors in-
ternally connected to the cathodes. Suppressors provided with
external connections or pins usually are connected directly
to ground, as in Fig. 8-1, but sometimes are connected through
an cxternal resistor to the cathode. Automatic gain control
commonly is provided for all except the last video i-f ampli-
fier. Grid bias usually is by means of the agc system and a
cathode bias resistor for cach tube. Grid resistors seldom have
resistance greater than 10,000 ohms. Coupling capacitors be-
tween plates and following control grids ordinarily have capac-
itances somewhere between 50 and 300 mmf.

In many video i-f amplifiers there are numerous features
not shown by Fig. 8-1. These include traps for various inter-
ference frequencies and for the accompanvirg sound fre-
quency, also sound takeoff conncctions or couplings when
the receiver does not operate with intercarrier sound. In such
receivers the sound takeoff may be anywhere between the
mixer output coupling and the tuned circuits for the last
“video i-f amplifier. All stages between the mixer and the sound
takeoff must carry signals for vidco, sync, and sound. Stages
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following the sound takeoff carry only video and sync sig-
nals intentionally, with sound signals removed by means of
Lraps.

In Fig. 8-1 the plate circuit load for the last i-f amplifier
consists of a resistor between the plate and the B+ line. At
the left in Fig. 8-2 this resistor is replaced by an untuned
choke, L, in the plate circuit, with tuning still on the detec-
tor side of the coupling. In the right-hand diagram the tuned
inductor is in the plate circuit of the last i-f amplifier, with

Fig. 8-2.—Tuning inductor locations in video i-f omplifiers.

an untuned choke on the detector side of the coupling capaci
tor. Not only in the coupling preceding the video detector.
but in the coupling between any of the amplifier tubes, the
tuned inductor may be on either the plate side or the grid
side. either ahead of or following the coupling capacitor.
Note that the screen always is bypassed directly to ground
through the capacitor marked Cd in Fig. 8-2. There is a sin-
gle voltage dropping resistor, Rd, for both the screen and the
plate. The bypass across this resistor carries to ground and
the cathode return the high-frequency currents for both ele
ments. If there is insufficient bypassing for the screen, high-
frequency signal potentials from this element reduce signal
voltage variations at the plate and drop the gain of the stage
Parallel resonant types of traps often are found in the con
nection between the plate of one tube and the control grid
of the following tube, in the line containing the coupling
capacitor. Two such traps are illustrated by Fig. 8-3. The
traps are tuned to the frequency which is to be reduced or
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eliminated; they then offer high impedance at this frequency
The traps are in addition to the usual inductors or transform-
ers which are tuned to resonance at the frequency to be
amplified.

Trop == Ce

B+

Fig. 8.3.—Parallel resonant traps in interstage couplings of video i-f amplifiers.

Video and Sound Intermediate Frequencies. — In the car-
rier frequencies for any television channel the sound carrier
always is at a frequency 4.5 mc higher than the video carrier.
For example, in channel 4 the video carrier is at 67.25 mc
and the sound carrier is at 71.75, in channel 8 the video car-
rier is at 181.25 mc and the sound carrier at 185.75 mc, and
SO on.

The frequency to which the r-f oscillator of the receiver is
tuned for any channel is higher than the carrier frequencies
in that channel. When the oscillator frequency and the video
carrier frequency beat together in the mixer, the difference
frequency becomes the video intermediate frequency which
is amplified in the video i-f system. When the oscillator fre-
quency and the sound carrier beat together the difference
frecri~ncy becomes the sound intermediate frequency.

We inay assume that a receiver tuned for channel 4, as
an example, operates with an r-f oscillator frequency of 93.85
mc. The results are as follows:

Video Sound
Oscillator frequency 93.85 93.85
Carrier frequencies 67.25 71.75
Difference (intermediate frequencies)  26.6 22.1
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Although the difference between the video and sound in-
termediate {requencies is 4.5 mc, the same as between the
two carrier frequencies, the video intermediate frequency
1s higher than the sound intermediate frequency, while the
video carrier {requency is lower than the sound carrier fre-
quency. The same things are true in every channel; the vidco
intermediate always is higher than the sound intermediate,
and their difference always is precisely 4.5 mec.

If an oscilloscope is connected to the output of the vidco
detector, across the detector load resistor, the frequency re-
sponsc represented by the trace will be shaped principally
by the characteristics of the video i-f amplifier, and will be
of the same general shape whether the input is from a sweep
generator connected to the antenna terminals or from a gen-
erator connected or coupled to the mixer tube. With signal
input to the antenna, and markers injected for video and

Carriers Intermediates
Video Sound Sound Yideo

|
!

Frequency — » Frequency — >
input To Antenna Input To Mixer

Fig. 8-4.—Where carrier frequencies and intermediate frequencies appear on
the frequency response from the video detector.

sound carrier frequencies, these frequencies will lic on the
response curve at about the positions shown at the left in
Fig. 8-4. When signal input is to the mixer tube, with mark-
ers injected for the video and sound intermediate frequencies,
these frequencies will appear on the response curve in the
positions shown at the right.

The curves of Fig. 8-4 are bascd on the assumptions that
sweep frequencies from the generator increase from left to
right, and that increase of gain causes the curve to extend
farther froin the bottom toward the top, or that zero gain is



AMPLIFIERS, VIDEO INTERMEDIATE-FREQUENCY 63

at the bottom and maximum gain at the top. If sweep fre-
quenc1es decrease rather than increase from left to right, or if
zero gain is at the top and maximum at the bottom, either of
the curves may be shown with left and right sides reversed or
may be shown upside down.

Fig. 8-5 shows examples ‘of what may happen to the curve
represented in its normal position at the right in Fig. 8-4.
If sweep frequencies increcase from right to left, with maxi-
mum gain at the top, the curve will be as at 4 in Fig. 8-5.

@ . Sound Soland @

Video IF

I-F Video
1 IF
Sound
I IF
<— Frequency—  =<— Frequency — Frequency ™

Fig 8-5.—Inversions and reversals of frequency response curves.

With frequency the same, but maximum gain at the bottom
the effect will be as at B. With frequency back to its first
arrangement, increasing from left to right, but with maximum
gain remaining at the bottom, the effect will be as at C. The
curve, and the information it carries, are the same in every
case. The differences are due solely to the characteristics of
the sweep generator, the characteristics of the oscilloscope
amplifiers, and the manner in which test connections are
made.

Video intermediate frequencies in most conmon use range
all the way fron 25.75 mc up to 26.75 mc. The correspouding
sound intermediate frequencies range from 21.25 mc up to
22.25 mc, with the sound intermediate frequency for any
one rcceiver always just 4.5 mc lower than the video inter-
mediate frequency for the same receiver. In many of the more
recent designs the video intermediate frequencies are in the
neighborhood of 35 to 38 mc, and the sound intermediates
for the same receivers would range from 31 to 33 mc, with
the exact difference between these two always 1.5 nc.
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Receiver Attenuation. — With vestigial sideband transmis-
sion of television signals all frequencies from 0.75 mc below
the video carrier to 0.75 mc above this carrier are transmitted
in both the lower and upper sidebands. The strength of all
these frequencies thus is doubled in the transmitted signal.
Frequencies still lower than 0.75 mc below the video carrier
are cut off. All frequencies still higher than 0.75 mc above the
video carrier then are transmitted in only the upper side-
band, and have only half the strength of those which are
transmitted in both sidebands. The uncqual strengths of vari
ous frequencies in the transmitted signal must be cvened out
or equalized in the receiver. The doubly transmitted fre
quencics are attenuated by the video i-f amplifier to make
their strength cqual to that of those singly transmitted. ‘This
process i1s known as receiver attenuation.

At the top of Fig. 8-6 is a curve representing relative
strengths or amplitudes at various frequencies of the signal
brought to the video i-f amplifier. 'This curve would corre-

Video
3 ’ [4—4.00mc ]
oun 0.75 075
I mc. | mc
: HEE HEE 100 Nt
[l r ! -~
incoming . b ' gg'
Signal ! g o
: A : 107‘;a
fe—— 4.50 mc ! ' =
| : )
' ; i
] 1 ]
] ! |
; \o-F t----- 100
' rq----r-- 83
H Response of < 67 >
: Video I-F 35 oS
{ Amplifier 17 o0
- o x
Sound Video
1-F I-F

Fig. 8-6,—How the frequency response of the video i-f amplifier is shaped to
equalize total amplification at all applied frequencies.
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spond o the strengih of the carrier signal at modulation fre-
quencies measured both ways from the video carrier frequency
as a reference point. After passing through the mixer, the
video carrier frequency becomes the video intermediate fre-
quency, so signal strengths shown by the upper curve are
those measured above and below the video intermediate fre-
quency at the input to the video i-f amplifier.

Modulation frequencies from zero up to 0.75 mc appear
both above and below the video intermediate frequency. For
exaniple, with a video intermediate frequency of 26.25 mc
these double-strength or doubly received modulation fre-
quencies will be in the ranges from 25.50 mc (0.75 mc below
the intermediate) up to 27.00 mc (0.75 mc above the inter-
mediate). All greater modulation frequencies up to the limit
of 4.00 mc appear on only one side of the video intermediate
frequency. '

In the video i-f amplifier there would be equal amplifica-
uon or gain for all modulation frequencies were the ampli-
fier response to be of the ideal form shown by the lower
curve of Fig. 8-6. At the video i-f end of the response the
gain is not uniform, it drops steadily from 100 at a frequency
0.75 mc below the intecrmediate down to zero at a frequency
0.75 mc above the intermediate, and has a value of 50, or 50
per cent of maximum, at the video intermediate frequency.

A modulation frequency of 0.25 mc will be applied to the
video i-f amplifier on both sides of the intermediate fre-
quency. On one side the gain will be 67 and on the other
side the gain will be 33. The sum of the gains or the total
gain at this modulation frequency then is 100 or 100 per
cent. Another modulation frequency of 0.50 mc will be sub-
jected in the video i-f amplifier to gains of 83 and 17. so that
this frequency too is subjected to a total gain of 100. Every
other modulation frequency between zero and 0.75 mc is
similarly subjected to a total gain of 100. All greater modu-
lation frequencies, from 0.75 through to 4.00 mc, act on the
video i-f response in a region where its gain is 100. Thus all
modulation frequencies receive the same total gain.
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It would be theoretically possible to construct a video i-f
amplifier system having a frequency response with the sharp
changes illustrated at the bottom of Fig. 8-6, but it would be
commercially impracticable and it is not nccessary. A video
i-f response of the gencral shape shown by Fig. 8-7 will give

Fig. 8-7.—Typical frequency response of a video i-f amplifier system.

entirely acceptable results provided the video intermediatc
frequency is at or near the point of 50 per cent gain on the
high-frequency side of the curve, and the sound intermedi-
ate frequency is far down on the low-frequency side.

Positions of Intermediates on Amplifier Response. —'I'he
shape of the frequency response curve for a video i-f amph-
fier is determined by adjustment of the tuned inductors or
transformers in the interstage couplings. Altering any onc
adjustment will change the shape of the whole responsc
curve to some extent, and usually will affect some one por-
tion of the curve more than other portions. That is, the
entire curve or some parts of it may be raised or lowered, or
either side or both sides may be moved toward higher or
lower frequencies. Adjustment ranges are limited, of course,
but still it is possible to make great variations of response
and always it is possible to produce a response of a shape
satisfactory for required amplification.

We shall assume that the video i-f couplings have been ad-
justed or aligned to produce the frequency response shown
at the top of Fig. 8-8. This response is well suited for video
and sound intermediate frequencies used in an earlier ex-
ample; 26.6 mc for video and 22.1 mc for sound.
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Actual intermediate frequencies for video and sound de-
pend on the frequency at which the r-f oscillator operates
for any channel. This is because the intermediates are beat
frequencies resulting from mixing of oscillator and carrier
frequencies, and the carrier frequencies are fixed in any one

Megacycles
21 %2 23 24 25 26 27 28
1 (U a2 — — _

Sound Video

I 1
: 25.85 | 27.35
<~——45
Sound
22.60 Video
Oscillator  Frequency 27; 10

Too High ——

Oscillator Frequency
<«—— Too Low

Fig. 8-8.—How video and sound intermediate frequencies are shifted on the
i-f amplifier response curve by changes of r-f oscillator frequency.

channel. In the earlier example it was shown that an r-f
oscillator frequency of 93.85 mc for channel 4 produces a
video intermediate of 26.60 mc and a sound intermediate of
22.10 mc.

The next graph of Fig. 8-8 shows what happens when the
r-f oscillator frequency is higher than it should be. For pur-
poses of illustration the oscillator frequency is assumed to
be 0.50 mc high, which makes it 94.35 mc instead of the
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original 93.85 mc. Still using the carrier {requencies of chan-
nel 4, the intermediates now work out as follows.

Oscillator [requency 9435 94.35
Carrier frequencies video 67.25 sound 71.75
Intermediate frequencies video 27.10 sound 22.60

It is apparent that the low [requencies of modulation, just
above and below the video intermediate frequency, now are
receiving far too little amplification—they are too far down
on the gain curve. The resulting picture will be of gencrally
dlull appearance, and there are likely to be trailers or bands
on the right-hand cdges of any large or wide black objects.
Sync pulses are of low frequency, and the lack of gain at low
frequencies may make it difficult to maintain horizontal syn-
chronization, and especially difficult to maintain vertical syn-
chronization of the picture.

While the video intermediate has been moved too far down
on the gain curve, the sound intermediate has been moved up
by the excessively high oscillator frequency. Sound signals will
be much too strong, and they are likely to cause horizontal
bars or dark bands across the picture. These are called sound
bars. If the sound section of the receiver is designed to operate
from the intermediate frequency resulting from beating of
carrier and oscillator frequencies, the actual sound intermedi-
ate will now have been moved far from the narrow frequency
band in which the sound i-f amplifier has gain, and there will
be no reproduction of sound from the loud speaker. 1f the re-
ceiver is designed to operate with intercarrier sound the result
of the strong sound signal usually will be a loud buzz from the
loud speaker, a buzz which cannot be removed by adjustment
of the sound detector or demodulator circuit.

Next we shall assume that the r-f oscillator frequency has
been made 0.50 mc lower than its original value, or brought
down to 93.35 mc. The resulting interinediates are arrived at
as follows:

Oscillator [requency 93.35 93.35

Carrier [requencies video 67.25 sound 71.75

Intermediate frequencies video 26.10 sound 21.60
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‘I'hese intermediate frequencies will appear on the video 1-f
amplifier gain curve as in the bottom graph of Fig. 8-8. Now
the video 1utermediate is higher than originally, and the sound
intermediate 1s much farther down. Note that the frequency
response of the video i-f amplifier is not altered by these varia-
tions of oscillator frequency. The response of the amplifier is
fixed by adjustiments of its interstage couplings, and these are
not being changed. Note also that the difference between video
and sound intermediate frequencies always remains 4.5 mc.
‘I'his is fixed by the difference between video and sound carrier
frequencices, and never changes.

With the oscillator frequency too low the low modulation
lrequencies on either side of the video intermediate are re-
ceiving more than usual amplification. This may do no par
ticular harm, in fact it may be desirable when signal strength
from the antenna is very weak. There may, however, be trouw..
due to lack of gain at the high video frequencies or high mod .-
lation frequencies. In the top graph ot Fig. 8-8 the band width
froin the video intermediate frequency to a point 0.7 down
from maximum gain is about 3.75 mc. On the bottom graph
this band width is reduced at about 3.25 mc. Frequencies
farthest from the video intermediate, which are the highest
modulation frequencies, are not so well amplified. This may
cause poor definition or fuzzy appearance in the pictures.

With the oscillator frequency low the sound intermediate
[requency is so far down on the gain curve as to be out of the
band which is passed by a sound i-f amplifier designed to oper-
ate at the difference between carrier and oscillator frequencies.
Then there will be no reproduction of sound. With an inter-
carrier sound system the reproduction may be weak, but
usually can be brought up to hearing level with the sound
volume control. '

Were it impossible to change the oscillator frequency to
produce intermediates suited to the frequency-gain response
of the video i-f amplifier, the amplifier might be realigned
to make its gain curve suit the actual intermediate frequencies.

With a sound system having an i-f amplifier and demodulator
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designed to operate at the original sound intermediate fre-
quency it would be necessary also to realign the sound i-f
system and demodulator input for the new intermediate fre-
quency. This might be impossible duc o limited adjustment
range. With intercarrier sound the sound modulation always
is carried with the beat frequency ot 4.5 mc which is the dit-
ference between video and sound carriers. This intercarrier
beat, with its sound modulation, is not affected by changes of
video and sound intermediates used in the video i-f amplifier.

Band Width and Gain. — In the interstage coupling repre-
sented by Fig. 8-9, and in cvery other type of coupling, it 1s
necessary to consider the effects of capacitances of tubes sock-
ets, and of wiring. Output capacitance on the plate side of the
first tube is represented as Co, and input capacitance on the
grid side of the second tube is represented as Ci. Output
capacitances of tubes in general usc as video i-f amplifiers
may be as low as 2 mmf, and input capacitances are as low
as 5 or 6 mmf. Capacitances of sockets and wiring might be

Fig. 8-9.—Tube or circuit capacitances which affect high-frequency
response of the video i-f amplifier.

kept down to between 3 and 5 mmf with exceptionally good
construction, but usually will be quite a bit more.

These tube and circuit capacitances add to the distributed
capacitance of the tuning inductors or transformers and act
with the inductance to tune the coupling to resonance. Ad-
justment for a desired resonant frequency nearly always is by
means of movable powdered iron cores or slugs in the coils,
although very small capacitors sometimes are connected across
the coils.
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While tube and circuit capacitances may be useful for tun-
ing, they may also act as low reactance shunts across the tunecd
circuits. For cxample, if we consider the output capacitance
Co of Fig. 8-8 to be a tuning capacitance used with the induc-
tor, the input capacitance Ci is in parallel with grid resistor Rg
and forms part of the load impedance in the plate circuit. The
rcactance ol coupling capacitors which would be at point Cc¢
is inuch less than 100 ohms at video intermediate frequencics
for capacitances in common use, and so may be neglected. The
rcactance of the input or output capacitances at video inter-
mediate frequencies usually will be on the order of 500 to
1.000 ohms. The resulting small impedance of the effective
plate load makes it impossible to obtain more than a small
fraction of the gain which might be expected in view of high
transconductance in the tubes. Transconductances of video
i-f pentodes usually are somewhere between 5,000 and 10,000
micromhos.

Gain is improved by doing everything possible to lessen
stray capacitances. This raises the load impedance, also allows
using more inductance and a higher Q-factor in the tuned
circuits. Wiring in plate and control grid circuits must be of
shortest possible length, and kept separated from chassis metal
and from other wiring.

T'oobtaina frequency response sufficiently wide to cover the
i-[ band there may be a fixed resistor connected across the ends
" of one or more of the tuning coils or windings. These broad-
cning resistances usually are of some value between 3,000 and
20,000 ohms. Although these units are called broadening re-
sistors, their effect is not so much to increase the range of
frequencies at which there is gain but rather to flatten the
gain curve to prevent resonant peaks which might cause fecd-
back and undesirable regeneration or even oscillation in the
video i-f amplifier. Grid resistors commonly have values '
between 3,000 and 10,000 ohms. These resistors are in parallel
with the tuned circuits and act in the same manner as db'
broadening resistors connected directly across the coils, |
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Uniformity of gain throughout the frequency band often
is increased by using cathode bias resistors with no bypass
capacitor. An unbypassed cathode resistor allows degenera-
tion, or an effective negative feedback from plate circuit to
grid circuit of the tube. An unbypassed cathodc resistor helps
also to lessen variations of input capacitance which might
occur on strong signals, especially with the first or sccond 1-{
amplifiers.

The output of the last video i stage feeds into the diode
video detector. A diode acts as a low impedance load. Con-
sequently, in the coupling from the last i-f tube 1o the de-
tector it is nol neccessary to usc any other means for broad-
ening the response, and usually the cathode resistor of the
last i-f amplifier is bypassed to prevent degeneration and allow
all possible gain.

There are several basic types of interstage couplings which
are used alone or in combination to produce the broad band
frequency response required from the video i-f amplifier sys-
tem. The three are shown by Fig. 8-10. At the left is a single
tuned inductor or coil, shown earlier in Figs. 8-1 and 8-3.
Such a coupling provides a response which peaks at a single

L t 4

“ flo O RI0

Fig. 8-10.—Basic types of interstage couplings and their frequency responses.

frequency, with gain decreasing both above and below this
tuned frequency. At the center is a two-winding transformer
with the windings very looscly coupled. With such coupling
the transformer provides a single peaked frequency response
of the same general form as the single tuned coil.
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At the right is a transformer with closely coupled wind-
ings. As the coupling is increased in a transformer the single-
peaked response will become broader and will develop two
scparate peaks. One peak is at a frequency lower than the
frequency to which both windings are tuned, and the other
peak is at a higher frequency. The closer the coupling, the
greater becomes the separation between peaks and the less the
gain at either peak. At the same time the valley between the
peaks becomes deeper and decper.

None of the couplings illustrated will produce in a single
amplifying stage a frequency response broad enough for the
video i-f system as a whole. In a great many receivers there
are three, four, or five couplings of the type shown at the left
in Fig. 8-10. The separate couplings are peaked at two or more
different frequencies, with the result that their overall gain
or frequency response is satisfactory. This is called stagger
tuning.

Other receivers have loosely coupled transformers in each
stage, with the transformers