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INVISIBLE FORCES

..... controlled by man,

During recent years, many majestic and awe-inspiring
bérriers have successfully challenged the flow of great
rivers. Mighty dams, created by man, are holding back huge
volumes of water, creating lakes or storage basins of pre~
tentious proportions. Tunnels have been blasted and bored
through mountains so that the stored-up water could be har-
nessed and made to create electric power.

The worla rightfully acclaims the engineers and con-
struction crews whose devotion to duty and heroism have
made such structures possible. The public knows that the
purpose of the dams is to conserve water, prevent floods,
and to create electricity. But they often fail toacclaim
another group of men whose outstanding accomplishments in
utilizing this electric power have, in many instances,
closely approached wizardry.

Water can be seen with theeye. Therefore, its action
and flow can be followed closely. Electricity cannot be
seen---yet man has exerted control over this invisible force
in many uncanny ways.

Tne television camera, whicn you will study in this
interesting lesson, presents anexcellent example of deli-
cate man-created control over electrical impulses. Humans
give vent toexclamations of awe when they look upon mighty
Boulder Dam. Yet those same humans, witnessing atelevision

camera in action, will give no thought tothe great amount
of money and years of laborious research necessary to the
perfection of the camera. Their eyes will be on the camera-
man.

Now that YOU are about to reach tne conclusion of your
training, it is important that YOU fully realize that the
perfection of television represents a gigantic, costly, and
amazing accomplishment. The opportunity is ready for you,
and its proportions are far greater than any towering dam.



Unit Seven

THE THEORfj
& TECHNIQUE
of TELEVISION:
BROADCASTING

"This unit, consisting of ten or more lessons will be devoted
to the study of the transmission of television pictures. In these
lessons we shall attempt to give you sufficient information pertain-
ing to the design, lay-—out, maintenance, and operation of television
transmitting stations, so that you will be qualified to fill the po-
sition of television operator at the conclusion of your training.

"The first six lessons in this unit will be devoted to a study
of the equipment necessary and the procednre used in picking up a
picture from a television studio, and the transmission of that pic-
ture through to the antenna system.

"The seventh lesson in this unit will cover the interesting
features surrounding stage lighting and scenery design for televis-
ion purposes. The eighth lesson will serve to supply you with the
lmowledge necessary in the transmission of motion picture film, since
this phase will play an important part in television programs. The
ninth and tenth lessons in this unit will cover two subjects not
strictly devoted to the transmission of television pictures. The
ninth lesson will cover the procedures and theories involved in the
reproduction of large television images; thatis, pictures 18 inches
by 24 inches or larger. The tenth or last lesson in this unit will
be devoted to a thorough study of facsimile. This isthe transmis-
sion of still pictures by wire.

"Even though you do not intend to become associated with a
television transmitting station, it is highly important that you
be thoroughly familiar with the procedure involved. In this wayyou
will be able to carry on to a more perfect degree in any television
work".



Lesson One

TELEVISION CAMERAS

"In an earlier lesson you studied thoroughly the principles
of scanning. However, in that lesson, only wmechanical scanning
was covered in detail. In this lesson you are going to become fa-
miliar with electronic scanning and the modern electronic television
camera.

"Without the development of electronic scanning as it is today,
there would be no successful commercial television. Therefore, the
subjects covered in this lesson are extremely important, and you
should treat them accordingly.

"The television camera, as it relates topicture transmission,
occupies the same place as the microphone does in sound broadcast-
ing. Since it 1is the pick-up device, the entire balance of the
equipment involved would be useless without the camera. Therefore,
you should accord it the real importance it deserves in your studies".

1. INTRODUCTION. The television camera is the first link in
the chain between the televised scene and the observer of the re-
produced image at the receiver. It is the television camera that
resolves the required scene into a large number of elemental areas
and generates an electrical impulse for each area with a magnitude
corresponding to the intensity of the light reflected from that
particular element. This process is known as scanning. You recall
that scanning is necessary because an electrical communications
channel can transmit but one electrical impulse at atime while the
eye and its associated nerve channels is capable of transmitting
to the brein a large number of impulses simultaneously.

In a preceding lesson you learned how scanning could beaccom-
plished by means of the scanning disc. There were two types of
scanning, the direct pickup and the flying spot system. In the di-
rect pickup system the televised scene was under intense illumin-
ation. An image of the scene was focused on the scanning disc. A
photocell was placed behind the disc. As the disc rotated, light
reached the photocell progressively from the picture elements. In
the flying spot system, the lights and photocell are interchanged.
That is, the televised scene is in the dark and is scanned by a
moving spot of light. The light reflected from the televised scene
is picked up by banks of photocells arranged to collect all the light
reflected from the scene. '

The flying spot system was preferable because of the increased
amplitude of the picture signal. Also the subject did not have to
endure the intense illumination required with the direct pickup
system. However, as far as flexibility and utility are concerned,
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the direct pickup system is best. The flying spot system is li-
mited to studio scenes and motion picture film as the subject must
be in the dark., Outdoor and indoor daylight scemes can not be
televised.

Pictures .with much less than 441-line resolution are not sat-
isfactory as an entertainment medium. [t isdifficult mechanically
to scan a picture with this resolution by means of a scanning disc.
Resolution of 90 to 120 lines is the maximum that can be convenient—
ly obtained with mechanical scanning.

Increasing the number of lines in the picture for a given di-
ameter scanning disc means that the holes must be made proportion-
ately smaller. It is very difficult mechanically to punch small
square holes with the accuracy required for a scanning disc. This
can be remedied by using a larger disc. When the disc size is in-
creased, the power required to produce rotation increases very
rapidly as the diameter of the disc is increased unless the disc
rotates in a vacuum. A camera containing a high speed disc isdif-
ficult to move about the studio because of the inertia of the
disc. You are familiar with the action of gyroscope toy tops and
how they resist attempts to shift their axes of rotation.

From the foregoing paragraphs it is evident that cameras em-
ploying mechanical scanning means are very impractical as far as
modern high-definition television pictures are concerned. A scan—
ning process that is electrical in nature is required. Later in
the lesson, two methods for electrical scanning will be described.

2. FACTORS CONTROLLING PICTURE SIGNAL AMPLITUDE. As thepic-
ture detail is increased, the amplitude of the picture signal generat-—
ed is reduced proportionately with conventional methods of scanning.
The total light energy collected from a picture isthe same regard-
less of the number of picture elements into which the picture is
resolved. However, the amount of light emergy per picture element
varies inversely with the number of picture elements. Therefore,
the picture signal amplitude decreases as the number of picture
elements increases. The number of picture elements for a picture
varies directly with the square of the number of lines.

Another factor which controls the amplitude of the picture
signal is the rate at which scanning takes place. The scanning
rate depends on two factors, the number of lines in the picture and
the number of frames transmitted per second. Let us consider the
relation between the scanning rate and the number of lines when the
frame frequency remains constant. For example let us consider a
picture one inch square and scanned with a hundred-line definition
at the rate of 20 pictures per second. Such a picture contains
10,000 picture elements. Therefore, the scanning aperture passes
over 10,000 picture elements for each frame. If the picture is
scanned with 200 lines, the scanning aperture passes over 40,000
picture elements per frame. If the frame frequency is the same in
the two cases, the scanning aperture passes over the picture ele-
ments 4 times as fast for the 200-line picture as it did for the
100-line picture. This means that 4 as much light energy is col-
lected per picture element when it 1is scanned at 200 lines than
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when it is scanned at 100 lines. In other words, the amplitude of
the picture signal, becauseof the scanning rate, will vary inversely
with the number of elements in the picture.

If the number of lines iskept constant and the frame frequency
is varied, the amplitude of the picture signal will vary inversely
with the frame frequency. The total amount of light energy collected
per second from the picture will be the same regardless of the
number of times it isscanned per second. However, the light energy
collected per frame will vary inversely with the number of frames
per second. Thus, the scanning rate (picture elements traversed
per second) depends on two factors, the number of picture elements
and the frame frequency. The amount of light energy collected from
a picture element will vary inversely with the scanning rate.

From the foregoing it 1is evident that the amplitude of the
picture signal depends on the number of picture elements and the
number of elements -scanned per second. Putting this statement in
the form of an equation, we have:

V1o (A2)*(Re) Ne

V2 (A1) *(R1) N1
where V1 is the average amplitude of the picture signal generated
by scanning a picture with A1 lines, with an aspect ratio of Ri
and a frame frequency of Ni. Similarly, Ve is the picture signal
amplitude for the picture with the constants Ae, Rz, and Ne.

Let us compare the amplitudes of the picture signals produced
by scanning a picture mechanically with the best definition and
frame frequency that is feasible with mechanical scanning and by
scanning the picture with the definition and frame frequency that
are considered acceptable for satisfactory entertainment wvalue.
It is easily possible to scan mechanically a picture with 90 line
definition, an aspect ratio of 1:1, and a frame frequency of 20.
The modern standard requires apicture of 441-line definition, with
an aspect ratio of 4:3, and with a frame frequency.of 30. Let us
substitute these values in the above equation. Let Vi be the amp—
litude of the picture signal generated by scanning the 90-line

picture and Ve the picture signal amplitude from the 441-line pic-
ture. Then:

V2 (90)° (1+1) " 20
and -VV—‘ = 1530 approximately.
2

Therefore, the acceptable standards system gives a picture with an
amplitude 1850 of that obtainable with themechanical scanning sys-
tem,

To obtain a better conception of the minuteness of the picture
signal amplitudes, it is interesting to express the magnitude of
the energy of a picture element in terms of the electron. This
will be done on the basis that the direct pickup method of scanning
is used. It is the only system that is suitable for televising
outdoor as well as studio scenes. If a photographic camera with a
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fast lens is focused on an outdoor scene of average brightness,
the total amount of light falling onthe photo-sensitive plate will
be of the order of ™ lumen. Let us scan the picture according to
the two sets of standards previously mentioned. If we use a vacuum
photocell with a sensitivity of 20 microvolts per lumen, calcula—
tions show that the average energy per element in the 90 line pic-
ture will produce a photocell emission of 9600 electrons and the
average energy per element in the 441-line picture will produce a
photocell emission of 6 electroms.

It is rather difficult to realize the actual minuteness of
these charges. One microampere representsa flow of 6,300,000,000,
000 electrons per second. D'Arsonval instruments capable of measur—
ing currents as small as one microampere are very delicate and
expensive,

In deriving the electrical energy equivalent of the average
picture element for both the 90-line and the 441-line picture, the
direct pickup system of scanning was used. This method was unsat-
isfactory with the old low-definition mechanical scanning systems
and the flying spot system was used with its banks of photocells
to pick up the light energy reflected by each picture element.
This resulted in a greater electron emission per picture element
than that given above for the 90-line picture. Also, the intensity
of the light source could be made very much greater without dis-
comfort to the subject.

3. AMPLIFICATION OF SMALL SIGNALS. In a preceding paragraph
it was stated that the energy of the average picture element in
a 441-line picture caused the photo-emission of 6 electrons. Let
us assume that the brightest element will produce a photo-emission
of 12 electrons. A dark picture element will produce no photo-emis—
sion. The maximum voltage generated across the photocell load re-
sistance will occur when the scanning aperture passes froma bright
element to a dark element. With a 10,000 ohm load resistance and
an electron change from 12 to 0, calculations show that a peak to
peak voltage of ,00000015, approximately, is produced. The size
of the load resistance is determined by the range of frequencies
in the picture signal and the shunt capacity to ground.

It is practically impossible toamplify voltages of that magni-
tude with conventional vacuum tube amplifiers. The noise generated
in the first tube of the amplifier by the shot effect may have a
greater amplitude than the signal voltage. The shot effect is
caused by the fact that the electron stream is aseries of particles
and not a continuous fluid. Because of this fact, the electron
flow to the plate is irregular, that is, the number of electrons
arriving at the plate will vary instantaneously. This irregular
variation in plate current will add anoise component to the signal.
The noise generated by the shot effect covers a frequency range from
zero to frequencies much higher than those included in the radio
spectrum. The energy content is practically uniform aver the en-
tire frequency range. This means that the noise produced by the
shot effect will be proportional to the band of frequencies passed
by the amplifier. The magnitude of the shot effect is reduced by
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the presence of the space charge. The 'space charge smooths out
the irregularities in the plate current. Then in order tominimize
the shot effect, the emission from the cathode should be sufficient
to produce an adequate space charge., In other words, the cathodes
must be operated at rated temperatures.

There is noise generated in a photocell by the shot effect.
The electron flow to the anode will be slightly irregular for the
reason given for vacuum tubes. Since there is no space charge in
a photocell, as it is usually operated, the noise generated by the
shot effect will be maximum. Thus, there will be anoise component
in the weak picture signal before it is amplified. The signal to
noise ratio in a photocell will be less for larger electron emis-
sion'as a greater number of particles will produce a more uniform
flow.

" Tube noise is also caused by changes in emission over small
cathode areas. This is known as the flicker effect. Noise isalso
generated by the partial neutralization of the space charge through
the formation of positive ions either by ionization of the residual
gas in the tube or by emission from the cathode.

There is another source of noise that prevents amplification
of such small voltages. It is due to the thermal agitation of the
electrons inthe input resistance of the amplifier. Youare familiar
with the fact that the free electrons in aconductor are constantly
in motion, The magnitude of the motion is dependent on temperature.
That is, at higher temperatures, the electrons move faster.
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Let us consider a conductor as shown in Fig. 1A. The total
electric charge of the conductor is zero. There is a balance be-
tween the free electrons and positive charges on the atomic nuclei,
However, as the free electrons move about the conductor there will
be intervals when there are more electrons moving in one direction
through the conductor than in the other, Fig. 1B. This means that
there will be avoltage developed across the conductor. The magni-
tude and polarity of this voltage is constantly changing. If the
conductor is a coupling resistance between a photocell and -the
first amplifier stage, the voltage developed across this resistance
will form a noise component in the signal. This noise covers the
entire frequency range from zero to frequencies greater than the
highest in the radio frequency spectrum. The magnitude is fairly
constant over the entire frequency range. Like the shot effect,
the noise produced by thermal agitation will be proportional to the
band width passed by the amplifier. Calculations show that the
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noise developed across the 10,000 ohm resistance previously men-
tioned would amount to .000024 volts RMS for a frequercy band width
of 3.5 megacycles at a temperature of 75 degrees. This voltage
is considerably greater than the peak to peak voltage developed
across the same resistor when the scanning aperture moved from a
bright to a dark picture element.

From the preceding paragraphs, it is evident that the problem
of amplification of the small signal voltages produced by high
definition scanning isunsolvable by conventional vacuum tube ampli-
fiers. The amplitude of the generated picture varies inversely
with the square of the number of picture elements for agiven frame
frequency and the noise developed in the first stage of the ampli-
fier by the shot effect and thermal agitation increases with the
frequency passed by the amplifier.

4. THE ELECTRON MULTIPLIER. One solution to the problem of
amplifying voltages that are smaller in magnitude than the noise
generated in the first stage of a vacuum tube amplifier by the shot
effect and thermal agitation inthe coupling resistors is the elec-
tron multiplier. The electron multiplier is based on the fact that
the secondary emission from some surfaces is much higher than the

Sefondary
| — Electron
A ~—¢| J/Emittersy
Cat hode
K B % Secondary /! [} Cotlector | P
Electron
Emitters
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Fig.2 oOperation of an electron multiplier.

incident primary electrons. Fig. 2 illustrates the operation of
one form of an electron multiplier. The surfaces A, B, C, D, and
E have a high secondary emission ratio. Cathode K is the source
of the primary electrons such as -the cathode of a photoelectric
cell. The secondary emission surfaces or targets are maintained
at higher and higher positive potentials as they approach the col-
lector P. Let us trace the path of one electron from the cathode
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K through the electron multiplier to the collector P. Also let us
assume that the targets have a secondary emission ratio of 2. The
electron from the cathode K is accelerated to the target A, as A
is positive with respect to K. When the electron strikes A, it will
liberate 2 secondary electrons. Since B is positive with respect
to A, itwill attract the 2 secondary electrons emitted by A. When
these 2 electrons strike B, each one of them will liberate 2 sec-
ondary electrons from B. This makes a total emission from B of 4
electrons. The same multiplication of 2 will occur at each of the
other targets as the electron stream progresses through the tube.
The total output current is collected by % Of course, P does not
emit secondary electrons. If a load Z is inserted in the lead to
P, a voltage output can be obtained from the electron multiplier.

Let us derive a relation for the gain of the electron multiplier.
The electron multiplier shown in Fig. 2 has five stages; that is,
the secondary emission multiplication takes place five times. Each
stage has a gain of 2. The total gain is 2® or 2. If we let R
be the secondary emission ratio, n the number of stages, the gain
will be equal to R". If the input current is Io and the output
current I, we have:

I=1IaR"

The actual construction of an electron multiplier ismore com—
plicated than the simple structure illustrated in Fig. 2. An elec-
tron multiplier having the simplified structure of Fig. 2 would not
function, as the electrons from the cathode K or any of the targets
would go directly to the collector P and there would be no multi-
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plication. In a successful multiplier the targets must have ahigh
secondary emission ratio and there must be a method to focus the
electrons on each target and to collect the secondary electrons
emitted by each target.

The most satisfactory targets, like the best photocells, con-
sist of a thin caesium filmonoxidized silver. Such surfaces have
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a maximum secondary emission ratio of eight or ten with primary
electron velocitiés of 400 to 600 volts. Fig. 3 shows the relation
of the secondary emission ratio to the velocity of the primary
electrons in volts for caesium on a silver-oxide surface.

The efficiency of an electron multiplier is rated in two ways.
The first method states the efficiency of the secondary electron
emission in terms of amperes per watt of the bombarding emission.
The second considers the gain obtainable for a given total multi-
plier voltage in terms of the number of stages and the gain per
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Fig.y The efficiency of the secondary emissicn in milliamperes
per watt of the primary electrons for various velocities of the
primary electrons.

stage. Fig. 4 shows the relation between the secondary emission
in milliamperes per watt of the incident primary emission, and the
velocity of the primary beam in volts for a caesium-silver-oxide
target. From this graph it is evident that the secondary emission
is most efficient for an electron velocity of 30 volts. For 30
volts, the secondary emission is £8 milliamperes per watt of in-
cident electron emergy. Fig. 5 shows the maximum gain obtainable
from a caesium-silver-oxide multiplier for a given number of stages
as the overall voltage or the voltage per stage is varied. The
point of contact between the diagonal line and the curves for the
gain of each multiplier is the maximum gain obtainable per volt of
the applied voltage. From the graph, the gain per volt of amulti-
plier having 10 stages (n = 10) is maximum for an overall voltage
of 440 or a voltage of 44 per stage. The total gain is 10,000.
Examining the other curves, we see that the maximum gain per volt
occurs for voltages of 40 to 50 per stage. The stage voltage for
the maximum output of the secondary emission in milliamperes per
watt and the maximum gain per volt are somewhat different. The max-
imum gain per volt is the more important from a practical point of
view as it is preferable to operate the multiplier with as low an
overall voltage as possible.

When R, the secondary emission ratio, is very large, the out-
put signal-to-noise ratio of the multiplieris practically the same
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as that of the input electron stream. If the source of the input
electrons to the multiplier is the cathode of a photocell, calcu-
lations show that for the same signal-to-noise ratio, the light
falling on the photocell cathode can be 78w of the value of the
light needed when the photocell is coupled- to anamplifier by means
of a resistance. You recall that most of the noise generated in
the input stage of an amplifier is due to the thermal agitation in
the coupling resistances.
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There are two factors that limit the sensitivity of the elec-
tron multiplier. The first factor isthe emission from the targets.
The targets have a very low work function and there is electron
emission at room temperatures. This low thermionic emission can
be prevented by operating the multiplier at low temperatures.

The other factor that limits the sensitivity is the presence
of positive ions. However by proper design of the tube, this source
of noise can be minimized.

The frequency response of the electron multiplier is flat from
DC to frequencies of hundreds of megacycles.

It was stated in a previous paragraph that some means must be
provided in the electron multiplier to collect the secondary elec-
trons emitted by a target and focus them on the next target. Two

9



methods are used. One consists of a combination of electrostatic
and magmetic fields to do the collecting and focusing, and -the
other depends on electrostatic fields to do the collecting and
focusing.

Fig. ¢ represents the cross section of an electron multiplier
that uses a combination of electrostatic and magnetic fields for
collecting and focusing the electrons. There are two sets of plates
in the tube. The lower set forms the secondary emission targets.
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Fig.6 Electron multiplier using a combination of magnetic and
electrostatic fields for focusing.

The upper set does not have secondary emission characteristics.
The upper plates draw the secondary electrons away from the target.
Fach upper plate has the same positive potential as the mext suc-—
ceeding lower plate. The dotted line indicates the internal con-
nection between the upper plate and the succeeding lower plate.
The two rows of plates are placed as close together as possible so
that the electric field will be as strong as possible and draw
all the secondary electrons from the target. The spacing between
the plates is one-half the distance between centers of the targets.
This is the minimum that will prevent the upper plates from col-
lecting some of the secondary electrons. The magnetic field is
applied at right angles to both the axis of the tube and the elec-
tric field between the upper and lower plates. You recall from
the discussion on magnetic focusing in a previous lesson that an
electron accelerated by an electric field is deflected at right
angles to the direction of the magnetic field and also at right
angles to the direction that it is moving. Since the electron is
caused to move at right angles to its direction, it will describe
a spiral path. In the electron multiplier the intensity of the
eleciric and magnetic fields are adjusted so that the secondary
electrons will follow a semi-circular path to the next target as
shown in Fig. (6. The secondary electrons knocked out of each target
thus follow a semi-circular path to the next target. The magnetic
field is usually produced by a permanent wagnet.

The electron multiplier shown in Fig. 6 has a shield grid
around the collector. This is to prevent changes of the collector
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potential from reacting on the potentials of the targets and caus~
ing feedback and oscillation. To reduce the number of leads to
the tube, the voltages for the first few targets are supplied by

35 T

30 [X
RIENA
\

N
(=

OUTPUT CURRENT

-
w
———

-
o

. / \ el
N/ Nt .l

/

.50 .55 .60 .65 .70 .75 .80 .85 .90
PROPORT IONAL TO MAGNETIC FIELD STRENGTH

.95 1.0

Fig.7 The variation of the output current of an electron multi-
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an internal voltage divider. This can be done asthe current taken
by the first few targets is very small. Fig. 7 shows how the out~
put current varies as the intensity of the magnetic field is varied.
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Fig.8 The variation of the output current of an electron multi-
plier as the overal) voltage is changed.

Fig. 8 shows how the output current varies as the overall voltage
is changed. The smaller peaks are caused by electrons that have
missed some of the early targets.
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The construction of amultiplier that useselectrostatic fields
only to focus the electrons is more complicated than the magnetic-
ally focused multiplier. You recall from your study of a previous
lesson that electrons can be focused electrostatically by acceler-
ating them through a series of cylinders at different potentials.
This system can be used in an electrostatically focused multiplier
but a multi-stage multiplier using cylinders is rather large and
bulky. However, by very careful designof the shape of the targets,
successful electrostatic multipliers have been built with a struc-
ture almost as simple as that of amagnetically focused multiplier.
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Fig.9 Electrode structure of an electron multiplier using elec~
trostatic focusing. (Zworykin)

Pig. 9 is a diagram of the electrode structure of an electro-
static multiplier photocell developed by Zworykin. The curvature
of the plates directs the electrons from one stage to the next.
The electrons are focused on the inner surface of each plate which
has been treated to have a high secondary emission ratio. FEach
plate is operated at a higher positive potential than the one pre-
ceding. The electrons from the translucent photocathode are col-
lected by the first stage and the resulting secondaries are focused
on the second stage etc. The multiplier in Fig. 9 has ten sta.%es
and operates with 200 volts per stage. The overall gain is 13,000,000

Fig. 10 shows the electrode structure of an eleven stage elec-
trostatically focused multiplier, developed by Farnsworth. This
multiplier has been designed to operate with & television pickup
tube (See Fig. 18). The initial electrons enter the multiplier
through the aperture at high speeds. This multiplier, when oper-
ated with one hundred volts per stage, has a gain of 2(,000.
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Fig.ﬂ? Electrode structure of anelectron multiplier using elec-
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Fig. 11 shows a multiplier phototube of the magmetic type.
The magnetic multiplier has ten stages and a gain of several mil-
lion. The magnetic tube is shown with a type 59 tube so that an
idea of its size may be obtained.

There is another form of electron multiplier that has only
two secondary emission targets. Multiplication isobtained by send-
ing the electrons back and forth between the two targets. Sec-
ondary electrons are emitted at each impact and add to the elec-
tron stream, After several round trips, the total emission is
collected by an anode. Fig. 12 is a cross section of this type
of multiplier. The targets are flat discs at the ends of the mul-
tiplier. There is a cylindrical anode in the center between the
secondary emission targets. The multiplier is surrounded by acoil
which produces a magnetic field for focusing the electrons. An
RF voltage is applied to the targets. The center of the coupling
transformer is grounded. Therefore, the targets are at ground
potential as far as DC is concerned. The intensity of the focusing
field can be varied by the rheostat R.

Suppose a few initial electroms are emitted by one of the tar—
gets through photo —emission or other means. These electrons are
accelerated as they approach the anode and decelerated as they pass
the anode and near the other target. The net velocity that is
.gained through the accelerating voltage of the anode is zero, The
velocity that the electrons have when they strike the second target
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a 10 -stage magnetic electron
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will depend upon the RF voltage. If the RF voltage is positive
in the direction the electrons are moving when they approach the
second target they may have sufficient velocity to reach the tar-
get and knock out some secondary electrons. If the RF voltage is
negative when the electrons approach the second target, they will
never reach the target but they will reverse direction and start

, -Anode

Secondary Secondary
Emiss ion Emission
Target Target

Fig.12 Anelectronmuitiplier
using an RF field todrive elec-
trons back and forth between two
secondary emission targets.

ﬂllldlllh@J

50 Mq?acycle
Oscillator

back. Thus it is evident that the phase of the RF at the time the
electrons are approaching a ta.rget 1sanimporta.nt factor in deter-
mining whether ornot secondary emlssmn will take place. The anode
voltd.ge determines the time of transit® of the electroms as higher

Translt — Passing over or through.
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anoje voltages produce more rapid acceleration and deceleration.
The focusing magnetic field prevents most of the electrons from
reaching the anode until several round trips have been made.

Fig. 13 shows the anode current as the anode voltage is varied
from zero upward. The anode current builds up and drops to zero
three times as the amode voltage is increased. Each succeeding
maximum is greater than the preceding lower voltage maximum, After
the third maximum, the current is zero or essentially so for fur-
ther increases of anode voltage. Varying the frequency of the
RF shifts the current peaks along the voltage axis. Shutting off
the magnetic field stops the anode current. Increasing the am-
plitude of the RF causes the peaks to merge into one.

E—3=

Fig.13 The variation of anode current as the anode voltage is
Changed.

There will be an anode current only when secondary electrons
are emitted from the targets. In order for the electrons to strike
a target with sufficient velocity to knock out secondary electrons
the RF voltage must be of proper phase to produce maximum acceler—
ation as the electrons approach a target. Maximum acceleration
will be obtained if the RF potential on the target reverses just
as the electrons strike the target. Then the electrons will have
the complete positive cycle to produce acceleration as they approach
the target. If the RF potential reverses before the electrons
reach the target the negative field will decelerate the electrons
so that the impact is insufficient to kmock out secondary electrons
or may decelerate them to the extent that the electrons will not
reach the target. If the RF reverses after the electrons reach
the target, again they may lack sufficient energy to knock out
secondary electrons as the accelerating field will not have acted
on them long enough. Therefore, the RF field must reverse Jjust
as the electrons reach the targets at each end of the multiplier
for secondary emission to occur. This means that the time of tran-
sit between the two targets must be equal to an odd multiple of
a half-cycle of the RF. This will be clear if Fig. 14 is exam-
ined carefully. There are four conditions illustrated in Fig. 14;
(a) transit time equal to five half cycles, (b) three half cycles,
(c) one half cycle, and (d) two half cycles. The solid sine curve
represents the RF potential conditions for the left to right motion
of the electrons and the dotted sine curve for the right to left
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motion of the electrons. The positive polarity of the sine curve
causes electron acceleration to the right, while the negative polar-
ity causes electron acceleration to the left. The direction of
the electrons and the accelerating RF field are shown at the time
of impact for the four conditions. For the odd number of half
cycles the electron direction and the accelerating field direction
are the same at both ends of the electron path. For the even num-
ber of half cycles, the electron is accelerated before the impact
on the right side and decelerated at the left side. Then for the

Electron —e

(2) (b)

(c) (d)

Fig.14 Conditions for secondary emission from the targets in
err;ng. ]of the electron transit time and the period of the applied
F ield.

t
R
even number of half cycles, the chances for the production of sec-
ondary electrons is very much reduced. The three peaks in Fig.
13 show the anode current for the conditions shown in Fig. 14 a,
b, and c. The maximum anode current occurs when the transit time
is one half cycle. Since the RF field conditions won't be favor-
able for the production of secondary electrons for tramsit times
less than one half cycle, decreasing the transit time below one
half cycle will not cause an anode current flow., Through careful
adjustment it is sometimes possible to obtain an anode current for
transit times equal to seven and nine half cycles.
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The current that the anode collects for the equilibrium condi-
tion depends on the number of round trips that ihe electrons make
as there will be more secondary electrons produced. Equilibrium
conditions exist when the anode current isself sustaining; that is,
no energy from an external source, such as photo-electrons, is
required to maintain anode current. Factors which control the
equilibrium anode current are the intemsity of the magnetic focus-
ing field, the part of the cathode where the initial multiplication
starts (electrons coming from the edges are collected most easily),
and the field existing between the anode and targets. Increasing
the intensity of the focusing field will decrease the probability
of an electron reaching the anode. This means that the electron
can make several round trips before being caught by the anode.
Thus, there will be many more electrons existing in the multiplier
and for the anode tocollect. The field existing between the anode
and targets is determined by the potential on the anode and the
space charge. The space charge will limit the maximum anode current.

If we examine the curve in Fig. 13 we see that the multiplier
has both negative and positive resistance characteristics. That
is, the anode current over part of the range decreases asthe anode
voltage is increased and over other parts increases as the anode
voltage is increased. Thus the multiplier can be used asan oscil-
lator over the positive ornegative sections of its characteristics.
If adjustments are made so that the transit time is equal to one
half cycle of the resonant frequency of the circuit coupling the
two targets, oscillations of sufficient amplitude to destroy the
tube are produced if no precautions are taken to limit the number
of round trips or multiplications.

If the multiplier is to be used to amplify small currents,
the anode current must be completely under the control of the ex-
ternal energy source. Therefore, the numbér of multiplications
must be limited so that the equilibrium condition cannot exist.
Also the number of round trips that the original electrons make
before they and their resultant secondary electrons are collected
by the anode must be a definite number. One way that this can be
accomplished is to interrupt periodically the RF field or the focus—
ing field so that all the electrons can be cleared out of the mul-
tiplier. If the interruptions are periodic the number of multi-
plications that occur are fixed. Another method is to use an in-
tense magnetic field so that the first impact of the initial elec-
trons occur near the center of the targets. Each additional im—
pact will occur nearer the edge until a finite mumber of impacts
have been made and the electrons collected by the anode. High
amplifications can be obtained in this way before the multiplier
becomes self-sustaining or "breaks down". If an intense magnetic
field is not convenient or available, the RF voltage that causes
the multiplier to break down for a given magnetic field is deter-
.mined and the multiplier is operated just under the breakdown con-
dition, The maximum multiplication is obtained when the intense
magnetic field is used.

From the foregoing discussion it is evident that the electron
multiplier is one answer to the problem of the amplification of
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small currents. The electron multiplier, when operating properly,
adds very little noise to the signal. In general the signal-to-
noise ratio of the output is very little higher than the signal
to noise ratio of the input. One disadvantage of the electron
multiplier is that it is a current-controlled mechanism and not
voltage controlled; that is, the input must be a current. If a
grid were introduced into the multiplier to use voltage control
the noise—free amplification of the multiplier would be wasted be-
cause the noise generated across the coupling impedance through
thermal agitation would over-ride the signal. However, the elec-
tron multiplier when used im, combination with a photocell is a
light-sensitive device of very high sensitivity. In fact, anelec-
tron multiplier photocell will produce a satisfactory picture sig-
nal when used in a direct pickup system using 441-line definitionm.

5. THE STORAGE PRINCIPLE. The electron multiplier is ome
solution to the problemof obtaining an adequate noise-free picture
signal for a high-definition television picture. In this section
of the lesson will be described the principle underlying another
solution to the problem.

The actual electric energy obtained per picture element in
high-definition scanning isasmall fraction of the available light
energy of the picture element. For example when a 441-line picture
with 259,308 picture elements per frame is scanned at the rate of
thirty frames per second, each picture element is contacted by the
scanning aperture 30 times per second but the time that the scan-
ning aperture is on each picture element is:

30
959-308 = 30 second,

or 1 second.
259,308
The total number of picture elements scanned per second is 30 x
259,308 and each element is scanned 30 times. For a 90-line square
picture transmitted 20 times per second the scanning aperture cov-
ers each picture in:

20
8100 x 20
or 1 second.

8100

Then for the 441-line picture the scanning aperture collects z5v;, 308
of the light energy radiated in one second and forthe 90-line pic-
ture the scanning aperture collects T16o of the light energy ra-
diated in one second. This also is a restatement of the fact that
the amplitude of the picture signal is reduced as the gaumber of
picture elements is increased.

Now if it were possible to store up all the light energy ra-
diated by a picture element between scannings and convert it into
electrical energy at the time the scanning aperture passes over
the picture element there would be a tremendous increase in the
amplitude of the picture signal generated. For the 90-line picture
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the gain would be 8100 and for the 441-line picture the gain would
be 259,308. If only a fraction, say 10%, of the total gain for
the 441-line picture could be realized, it would be worth while.

Fig. 15 shows the operation of atelevision pickup system based
on the storage principle. There is a photocell and condenser for
each picture element. For a441-line picture there would be 259,308
photocells and condensers. In the figure let the four photocell-
condenser combinations represent the first four picture elements
in the first line of the picture. The switch S is the scanning
mechanism. There will be 259,308 coniacts on the switch, ome for
each photocell-condenser combination. The switch arm rotates in the
clockwise direction. Each condenser is charged through the photo-
cell and resistance R by the battery B. The charge that each con-
denser accumulated will be proportional to the intensity of the
light incident on that particular photocell. When the scanning
arm discharges each condenser there will be apositive pulse devel-
oped across the resistor R whose amplitude will be proportional to
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\ —
) I ca
—— 8 7 & Pi;tur]e
=8 | | signa
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259,308, 4' 474744 =
S o
5 o o
o8 Fig.15 11lustrating the stor-
s age principle.

the condenser charge which in turn was proportional to the light
intensityon the corresponding picture element. The voltage devel-
oped across R will be proportional to the energy radiated by apic-
ture element over the interval between scannings rather than the
energy radiated during the time that the scanning aperture is om
that particular element. Thus there is a vast increase inthe mag-
nitude of the picture signal generated. As stated in a previous
paragraph this gain is numerically equal to the number of picture
elements. For a 441-line picture this gain is equal to 259,308.
Even if only 10% of this gain is realized, there is again of 25,930
in the amplitude of the picture signal. The Iconoscope developed
by Zworylkin of RCA and the Emitron developed by the British E.M.I.
Research laboratories are television pickup tubes based on the stor—
age principle. With the present state of perfection, the gain re-
alized by the storage principle in these tubes is from five to ten
percent.

19



We have now described two solutions to the problem of obtain-
ing an adequate picture sigral whenemploying modern high~definition
scanning. In the next few paragraphs we shall describe solutions
to the problem of obtaining a satisfactory method for scanning high
definition pictures.

6. THE IMAGE DISSECTOR TUBE. Farnsworth was one of the first
to develop amethod for scamning electronically. He calls hiselec~
tronic scanner "The Image Dissector". Fig. 16 shows a functional
diagram of the tube. The front inside surface of the glass tube
is coated with a translucent cathode K, which is light-sensitive.
Near the other end of the tube is a tight fitting silver disc T.
In the center of this disc is a small hole 0. The size of the hole
is the same asapicture element. On the inside of the tube between
the cathode K and the disc T is a thin metallic coating. It is in
electrical contact with both the cathode K and the disc T. Its
resistance when measured between K and T is on the order of two or
three megohms. Behind the hole 0O is a small plate P. Surrounding
the tube and placed between the cathode and disc T are two sets of
magnetic deflecting coils, one for the horizontal deflection and
the other for vertical deflection. The tube and the deflecting
coils are surrounded by a magnetic focusing coil F. There is ap~
plied a potential of from five to six hundred volts between the
cathode K and the plate P, however; most of it appears across the
inner metallic coating.

F M

Electron
fath )
i Y
o ! Picture
] Sigral
ol T = .
gz
< o e < Coupli
S Resistance
<
‘hﬂaﬂnﬂnnnnnnnnﬂié“‘ L
—_— 00V —_—
tha o
A-0b ject (=Optical Image H-torizontal Deflecting coils 0O-Hole
L-Le coil vevertical Deflecting Loils T-$i v

s F=F i . er Oisc
K=Phot ocat hode E-Electron Imge R-High-Resistance Metallic Coating P-Flate

Fig.16 The principle of the Farnsworth dissector tude.

An optical image I of the cross A is focused on the translucent
light-sensitive cathode K. This causes electrons te be emitted
from the inside surface. The number emitted by any area of the
cathode will be proportional to the intemsity of the light incident
on that area. Since thedisc T is atahigh positive potential with
respect to the cathode K, the electrons emitted from K are acceler-
ated to the disc T. Since electrons repel each other, the electrons
coming from a given point of the cathode have a tendency to diverge
as they progress through the tube. These diverging electrons are
brought to a focus on the disc T by means of the magnetic field
produced by the focusing coil F. You are familiar with the prin-
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ciple of magnetic focusing of electrons from your study of a pre-
vious lesson. Thus there is produced on the disc T an electron
image of the optical image on the cathode K. If we were to replace
the disc T with a fluorescent screen, the impact of the electrons
in the electron image would produce a fluorescence whose intensity
is proportional to the electron density of the corresponding area
of the electron image from the original object.

Up to the present we have merely converted the optical image
into an electron image. We still have to scan the image so that
an electrical communications channel can transmit it. This is the
purpose of the deflecting coils mounted around the tube inside the
focusing coil. We can think of each electron source or picture
element in the cathode K as an electron gun and that we want to
scan the disc T with the electron beam originating at that point.
As the disc T is scanned by the beam froma given point in the cath-
ode, it will pass over the hole 0 inthe disc T once per frame. The

Dissector Tube

Electron Multiplier

__Silver
Shield

Picture
Signal

1)

- K-Photosensitive Cathode v-vertical Deflectirg Coit
F—nigh-ﬂesis!ance ¥etallic Coating 0-Silver Disc L.
1-Magnetic Focus Coi) for Dissector T1 & Te-Secondary Emission Target
H-Horizontal Deflecting Coil of £lectron Multiplier.
O-Hole to admit Electrons to Multiplier RFO-50 Megacycle RF Oscillator
A~Anode of Electron Multiplier Fo-Magretic Focus Coil for Multiplier
l]’lg 1.7 " The Farnsworth dissector tube with a built - in electron
ti ler.

electrons in the beam will pass through the hole and be collected
by the plate P. These electrons will produce avoltage drop across Z
proportional to the number of electrons in that beam. Similarly
the electrons originating from every other picture element source
will pass through the hole O and develop avoltage across Z of pro-
portional magnitude.  As all the electron beams coming from all the
picture elements are deflected parallel to each other, the electron
beams will pass -over the hole 0 in the same manner that the holes
in a scanning disc pass over every picture element. Fig. 16 the
electron beams originating from two picture elements are shown.
In considering the scanning disc the picture stays still and the
scanning aperture moves. Here, the scanning aperture stays still
.and the picture moves.
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The electrons from each picture element in the picture are
collected by the plate P and there will be developed across A a
corresponding picture signal. The amplitude of this picture signal
will be the same as that produced in a direct pickup system using
a scanning disc and a photocell. For high-definition scanning, the
picture signal is just as unusable. However, by using an electron
multiplier the picture signal can be amplified several thousand
times.

" X - Photocathode

N - pner Metallic Cutinﬁ.

S - Electron Multiplier Shield.
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Fig.18 The Farnsworth dissector tube with an electrostatic mul-
tiplier. This tube is used for televising moving picture film.
Fig. 17 shows adissector tube equipped with an electron multi-
plier. The electron multiplier is of the single stage type (See
Fig. 12) where amplification is produced by driving the electrons
back and forth between two secondary emission targets and collect-
ing all the resulting secondaries. The electron multiplier is an
integral part of the tube. The entire multiplier is enclosed in
a grounded metallic cup. The secondary emission target Ti is also
at ground potential. The secondary emission target T2 isinsulated
from the enclosing shield. The collector anode is also insulated
from the shield. The focusing field for the electren multiplier
is supplied with DC from the same source as the focusing field for
the dissector tube but the two are adjustable independently of each
other. The target D in the dissector tube has anaperture somewhat
larger than the size of apicture element. The hole 0 in thke first
secondary emission target T1 is the same size asapicture element.
It is through 0 that the electrons from the photo-cathode K enter
the electron multiplier. The RF field is supplied between the tar-
get T2 and ground. The disc D is operated positive with respect
to T1 so that any electrons knocked out of the left side of T1 will
not be drawn into the multiplier. The secondary emission in the
multiplier must be controlled by the electrons coming from each
picture element on the photo-cathode K.
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Fig. 18 shows the construction of amodern dissector tube used
for televising motion picture film. An electrostatic type of mul-
tiplier (See Fig. 10) is used. The photocathode isnot translucent
and the image is focused on the inside surface of the photocathode.

i

¢
i)

Fig.19 The Farnsworth television camera. (Courtesy Farnsworth
Television, Inc.)

This means that the light must travel through the entire length of
the tube. The electron multiplier ismounted off the center of the
tube so that it will not be in the way of the light rays going to
the photocathode. The inside of the tube is coated with a high-
resistance coating to serve as an accelerating anode, as in the
previous dissector tubes described.

The shield of the multiplier isoperated positive with respect
to the first target of the multiplier toprevent secondary emission
from the shield from being drawn into themultiplier. The input to
the multiplier must come only from the electron image produced by
the emission from the photocathode. A focusing coil and horizontal
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and vertical deflecting coils (not shown in Fig.18) are mounted
around the outside of the cylinder of the tube. The acanning aper-
ture (input aperture to the multiplier) is a square, .005 inches
on a side. With the correct size electron image, 441-line defini-
tion is obtained.

Fig. 19 shows a Farnsworth television camera. The cables con-
nect the camera to the control room equipment. They carry the pic~
ture signal to control room amplifiers and also carry the necessary
operating and deflection voltages to the camera.

7. THE ICONOSCOPE. The Iconoscope, developed by Zworykin,
is a television pickup tube employing the storage priaciple topro-
vide an adequate picture signal. The total energy radiated by a
picture element is stored in a condenser during the interval between
passages of the scanning aperture over that element. Thus the amount
of energy converted into an electrical impulse at the instant of
scanning is vastly increased.

\‘;\\ Fig.20 The ftconoscope.

Fig. 20 is a picture of the Iconoscope. Fig. 21 isa schematic
diagram. The picture to be televised is focused on the mosaic M.
This mosaic consists of a very large number of photo-emissive par-
ticles on a thin mica sheet that is approximately four by five
inches. Each particle isinsulated from every other particle. The
other side of the mica sheet is coated with a metallic coating.
This metallic coating is called the signal plate (S in Fig. 21).
Each photo-emissive particle and the signal plate forma small con-
denser. In other words, we have the cathode of a photocell in
series-with a condenser as in Fig. 15. In Fig. 15 each photocell
represented one picture element. However, in Fig. 21 it takes
several of the small photocells to cover the area occupied by one
picture element. This isnecessary in order to minimize the effects
of variations in the sensitivity and size of the photo-emissive
particles. The anode for these minute photocells is a metallic
coating A2 on the inside of the neck of the tube. Scaaning or the
progressive discharge of the condensers is accomplished by bombard-
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ing the mosaic with an electron beam. The electron beam is pro-
jected from an electron gun located in the neck of the tube. The
coating Az forms part of the second anode of the electron gun. The
beam is deflected magnetically. Scanning is electronic as in the
dissector tube.

The operation of the Iconoscope isconsiderably more difficult
to understand than that of the dissector tube. We shall start with
a simple but incomplete description of the production of a picture
signal by the Iconoscope. The image of the object being televised
is focused on the mosaic by a lens. The photo-emissive particles
making up the mosaic emit electrons in proportion to the intensity
of the light on them. The photo-electrons are collected by the anode
A2, The condenser formed by any one of the small photo-emissive
particles and the signal plate is charged proportionately to the
intensity of the light incident on that particle. The particle
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Fig.21 The construction of
the lconoscope.
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assumes a positive charge through the loss of photo-electrons to
the anode Az. Since the signal plate and particle constitute the
two plates of a condenser, the electrons collected by the anode
will flow to the signal plate via ground and the load resistance R.
When the electron beam passes over each particle, it restores to the
particle the electrons it lost through photo-emission, or it dis-
charges the condenser formed by the signal plate and the particle.
The discharge current of the condenser develops a voltage across
R proportional to the charge on the condenser. For a 441— line
picture, the condenser discharges for zsv,308 of the time during
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each frame, but charges during the complete frame. Since all the
condensers are charged slowly and together through R, the voltage
developed across R by the charging current is DC. But:since the
condensers are discharged several at a time (it takes several par—
ticles to cover one picture element) and at a high rate of speed,
the discharge current produces a varying voltage across R that
corresponds to the light and dark shades in the picture. This
varying voltage isthe picture signal. The discharge electron cur~
rent flowing through the resistance R causes a voltage to be de-
veloped across R which makes the signal plate end of R negative
with respect to ground. It will be least negative for the dark
and most negative for the light parts of the picture. Therefore,
the polarity of the picture signal is negative.

As stated before this explanation isnot complete but will help
you in understanding amore complete explanation which will be given
later.

Fig.22 A tube forfinding the factors which control the secondary
emission of a target.

The operation of the Iconoscope iscomplicated by the fact that
the particles making up the mosaic have a high secondary emission
ratio. As these particles are completely imsulated, the potential
that they assume with respect to the second anode, before and after
bombardment by the electron beam, is governed by the energy of the
secondary electrons. In the usual Iconoscope tube the secondary
emission ratio of the mosaic is from seven to ten. Let usconsider
the potential that an insulated body, under electron bombardment,
assumes with respect to the electrode that collects the secondary
electrons. In Fig. 22 is shown a simple electron ray tube. The
cathode K, and the anode A, form a simple electron gun and project
a beam of electrons on the secondary emission target .S. Let usas—
sume that S has a secondary emission ratio of 10. C isanelectrode
to collect the secondary emission from S. C and A are operated at
ground potential. The cathode is operated at three or four hundred
volts negative with respect to the anode. Electrons having that
velocity produce the highest secondary emission ratio. The potential
of the secondary emission target S can be varied above and below
ground.

If the current to the secondary emission target is plotted
against the voltage applied to the target, curve A of Fig. 23 re-
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sults. Curve B is the corresponding collector current. For mod—
erate negative potemtialsonS, all the secondary electrons are col-
lected by C (secondary emission is saturated) and there isan elec—
tron current from ground through the meter to the target that is
equal to the difference between the beam current to the target and
the secondary emission from the target. As the target potential
becomes less negative with respect to the collector, the secondary
emission current to the target is reduced due to the rormation of
a space charge. The secondary emission ratio remains the same but
the secondaries that do not reach the collector fall back into the
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lector current for the tube in
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target. Therefore the current to the target is reduced. As the
potential of the target becomes zero and then positive with respect
to the collector there will be one value of potential difference
where the beam current to the target and the secondary emission
collected by C are equal and the current to the target through the
meter is zero. As the potential ismade more positive, the second-
ary emission is completely suppressed and the beam current returns
to the cathode through the target as inaconventional diode. When
there is no curremt going to or from the target via the meter to
ground the same state of affairs exists, as far as current is con—
cerned, just as though the target were completely insulated. Then
for the primary emission to, and the secondary emission from, an
insulated target.to be equal, the target must assume the potential
with respect to the collector as given in the graph for equal pri-
mary and secondary currents. Let the externmal circuit toS in Fig.
22 be disconnected when the potential of S is at ground. For this
rondition a large proportionofall the secondary electrons knocked
cut of the target are collected by C. The remainder fall back into
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S. The potential of the targets will become positive with respect
to C through the loss of electrons. This will cause a reduction
in the magnitude of the current collected by C until the primary
current and the collector current are the same. The potential as-
sumed by the target for this condition will be +3, the value on the
graph for equal primary and secondary emission toand from the tar-
et.

¢ The collector current, curve 3 of Fig. 23, is zero when the
target is 4.5 volts positive with respect to the collector or the
collector is 4.H volts negative with respect to the target. This
means that the maximum energy of the secondary electrons is equi-
valent to 4.5 volts.

Bottom of Mosaic

o
<
g Fig.24 The potential distribu-
s tion along a vertical line of the
N mosaic when scanned in the dark.
+
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Top of Mosaic

The student is now better able to follow a more detailed de-
scription of the operation of the Iconoscope. If the mosaic is
scanned in the dark, the average potential of the entire mosaic
with respect to the second anode or collector is between 0 and 1
volt negative. The potential of the element directly under the
scanning beam is 3 volts positive with respect to the collector.
This is the potential condition for which secondary emission cur-
rent to the collector is equal to the primary beam current. The
potential of the area, before the scanning beam strikes it, is 1.5
volts negative with respect to the collector. The potential of the
mosaic changes from 3 volts positive to 1.5 volts negative between
passages of the electron beam. When under the beam, the potential
changes from 1.5 volts negative to 3 volts positive. Fig. 24 shows
the potential distributior of the mosaic when scanned in the dark.
This curve shows the potential along a vertical line from top to
bottom through the center of the mosaic. The potential rises from
-1.5 to +3 when under the electron beam, as +3 is the potential for
which the collector current and the primary current are the same.
The average value of the collector curreat for the entire mosaic
must be the same as the primary current, while the emission from
individual elements canvary slightly around the average. In chang-
ing from -1.5 to +3 a large number of electrons are knocked out of
each element as they are scanned. Of these, about 25% reach the
collector. Of the remainder, part of them fall back inte the ele-
ment from which they were ejected, and the others return to the
mosaic. The maximum velocity of this latter group is equivalent
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to 1.5 volts. This explains why the final potential of the mosaic
is -1.5 volts. When any element of the mosaic collects sufficient
electrons so that its potential is -1.5 volts, it will not collect
any more secondary electrons. About two thirds of the surface of
the mosaic is -1.5 volts with respect to the collector and the rest
is between -1.5 and +3 volts. The average over the entire surface
is between 0 and -1 volt.

When a picture is focused on the mosaic, photo-electrons are
emitted by the elements of the mosaic in proportion to the light
and dark shades of the image on the mosaic. This means that for
an illuminated element the potential before scanning will be slight-
ly more positive than -1.5 volts. Let us assume a value of -1.4
volts as the final potential of a brightly illuminated element
before scanning. (This value is exaggerated many times; the ac-
tual change in potential due tothe loss of photo-electrons is very
much smaller than this). When a dark picture element is scanned,
its potential changes from -1.5 to +3, and when an illuminated
picture element is scanned, its potential changes from -1.4 to +3.
With these factors in mind, we wish to derive the polarity of the
picture signal developed across the load resistance. (Fig. 21)
When the ‘potential of an element on the mosaic changes from neg-
ative topositive, there is a surge of electrons from ground through
the load resistance R, to the signal plate. This electron surge
develops a positive pulse across the load resistance. The positive
pulse is greatest when the scanning beam goes over a dark element
as the potential change is greater. For example, the potential
changes from -1.5 to +3, or a change of 4.5 volts for a dark ele-
ment, and from -1.4 to +3, or a change of 4.4 volts for a bright-
ly illuminated element. Therefore, white corresponds to anegative
voltage in the output of the Iconoscope. (The positive grid swing
is less for light tham it is for da.rks). This checks the polarity
obtained for the simple explanation of the Iconoscope. Of course
there is a flow of electrons from the signal plate .to ground when
the potential of the elements change from +3 to -1.5, but this is
a constant current and the small DC woltage produced will not in-
terfere with the picture signal. Alsp there is a DC electron flow
from ground to the signal plate caused by the emission of photo—
electrons from the mosaic. This is the charging current for the
condensers formed by the signal plate and the mosaic. The col-
lector current will also vary according to the picture signal.
liowever, the average value of the collector current is the same as
the primary beam current. There is also aspurious signal generat-
e¢ due to variations of the potential of the mosaic around the -1.5
volt level. This variation is due to differences inthe numbers of
secondaries collected by various parts of the mosaic. These spur-
ious signals will be described in more detail inalater part of the

esson.

In the next few paragraphs we shall attempt to explain some of
the reasons why the theoretical efficiency of the Iconoscope is not
realized. The effective photoemission from themosaic isonly about
twenty to thirty percent of its saturated value, because there is
no strong electric field to draw the photoelectrons away from the
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mosaic. The cellector has aweak positive field toward the elements
of the mosaic when they are 1.5 volts negative with respect to the
collector. However, during the interval that elements of the mo-
saic are positive with respect to the collector (Fig. 24) the field
of the collector is a retarding field toward the photoelectrons.
Thus, under the most favorable conditions the field of the collect-
or cannot possibly collect a large percentage of photoelectrons.
However during a very short interval of each frame there is an in-
tense field available to collect the photoelectrons. This field
arises from the fact that the elements Just scanned have a poten—
tial of +3 and those just in front of the scanning beam have a po-
tential of -1.5. Thus there is a field having a potential of 4.5
volts acting on the photoelectrons of the elements just in front of
the scanning beam. This potential is sufficient to saturate the
photoemission. This marked increase in sensitivity at the time of
scanning can be shown in a rather interesting way.

The image of a continuously run moving picture is projected
on the mosaic. Such a projection can be obtained from a standard
projector by removing the shutter and intermittent sprocket. The
film is moved in the opposite direction to the vertical scanning.
If straight scanning (not interlaced) is used, and the film is run
through so that the frame frequency is the same as the vertical
scanning frequency, two complete frames will be reproduced on the
receiving tube. Since the film is constantly in motion before the
Iconoscope, the enmergy stored by all the elements of the mosaic will
be identical or equal to the average value of the light from the
film. Therefore, the reproduced picture must be from the instanta-
neous photoemission from the elements during scanning. There will
be two complete frames of the picture on the receiving tube because
the scanning and the film move in opposite directions and when the
scanning beam has covered the upper half of the mosaic, the film has
moved up half a frame and thus a complete frame of the picture has
Passed under the scanning beam.

This increase in sensitivity of an element at the time of scan-
ning is known as line sensitivity. The positive field of the scanned
elements is effective in increasing the photoemission for a dis-
tance of about two-fifths of an inch into the unscanned area of
the mosaic. This increases the stored charge of the elements. For
low light intensities, line sensitivity does not add much to the
picture signal amplitude. However, for high light intensities, as
much as 50% of the signal may come from line sensitivity.

The output versus intensity of light response is not linear
for the Iconoscope as might be expected from the fact that the
photoemission is not saturated. The space charge formed on the
face of the mosaic will prevent the photocurrent from increasing
linearly with intensity of the incident illumination., Also the ef-
fective field that draws away the photoelectrons will be reduced
as the potential of an element rises through the loss of photoelec—
trons. Brightly illuminated groups of elements, being more posi-
tive than their neighbors, will collect more of the secendaries
knocked out of the scanned elements and thus will have part of their
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charge neutralized. TFig. 25 shows the output voltage developed
across a 10,000-ohm load resistance for different levels of back-
ground illumination as the intensity of the input is varied. Each
curve represents the voltage generated in scanning across the bound—
ary of an illuminated area and the background as the intensity of
the illuminated area is changed. Curve A is for a completely dark
background; curves B, C, and D are for background illuminations of
5, 10, and 30 millilumens per square centimeter respectively. The
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Fig.25 The output voltage of the Iconoscope fordifferent levels
of background illumination.

output voltage isplotted along the vertical axis and the intensity
of the light producing the illuminated area along the horizontal
axis. From these curves it is evident that the output for dark
background is greater than for an illuminated background, although
the change in illumination from the background to the illuminated
area is the same. Also the signal amplitude goes down as the back-
ground level increases. All these curves show the non-linearity of
the output to the input light intensity. This non-linearity is not
disadvantageous as it permits the transmission of a wider range of con-
trast over anelectrical communication circuit. In other words the
non-linearity of the Iconoscope serves the same purpose as a com—
pression amplifier in a sound chain.

Only 25% of the charge released from the elements of the mosaic
is converted into a picture signal. [t was mentioned in a previous
paragraph the collector received one-fourth of the electrons knocked
out of an element by the scanning beam, and that the remaining three-
fourths immediately fall back into themosaic. The electron current
through the load resistance to the signal plate will be the same as
the collector current. Thus only 25% of the charge of an element
ig converted into a picture signal.
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Another factor that affects the amplitude of the picture sig-
nal is the maximum permissible capacity formed by the elements of
the mosaic and the signal plate. The elements must be discharged
completely during the instant of scanning; otherwise blurring will
result when televising rapidly moving objects. The secondary emis-
sion to the collector is equivalent to an ohmic resistance of onme
megohm. The maximum capacity of the mosaic is approximately 100
mnfds. per square centimeter. The time constant of the discharge
circuit is C(R+Rs) where R is the load resistance, Rs is the ohmic
equivalent of the secondary emission to the collector, and Cis the
capacity per picture element. This time constant must be less than
the time of scanning for ore picture element.

From the preceding paragraphs, it is evident that the effic—
iency of the present day Iconoscope is very low. The charge stored
by the condensers formed by the elements of the mosaic and the sig-
nal plate is only twenty to thirty percent of the available energy
because of the unsaturated photoelectric currents. Of this charge,
only twenty-five percent is converted into a picture signal. Thus
the overall efficiency is around five percent. This is & gain of
many thousands over the non-storage method of scanning, and a usable
picture signal can beobtained for present day television standards.

It was mentioned in a previous paragraph that there isa spur—
ious signal present in the output of the Iconoscope. The spurious
signals also exist when the mosaic is scanned in the dark. This
signal is caused by small variations inthe potential over the sur—
face of the mosaic and in the instantaneous collector current. When
there is a picture focused on the mosaic, the spurious signal va-
ries with the light and dark of the picture. The spurious signals
result in uneven shading of the picture.

+ +

Fig.26 The spurious signals
generated when the mosaic is
scanned in the dark. A is the
waveform for a line. B is the
complete waveform for a frame.

- (#) = (8)

Fig. 20 shows the spurious signals generated when the mosaic
is scanned in the dark. Fig. 26A is the waveform for a line, and
Fig. 268 shows the waveform for a complete frame. If we neglect
the voltages generated during the return timeof both theline (these
return time signals are blanked out by the blanking impulse intro-
duced in the control room amplifiers) and frame scanning, the out-—
put voltage is a combination of an arc and a sawtooth. The output
at the end of each line or frame is more positive than at the be-
ginning. When a picture is focused on the mosaic, this combina-
tion arc and sawtooth voltage will cause the background of the pic-
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ture to increase in brightness toward the bottom and right side.
When there is a picture focused on the wosaic, the light and dark
shades of the picture change the shape of the combination arc and
sawtooth waveform,

In order to eliminate the uneven shading produced by these
spurious signals, voltages of the same waveform and amplitude, but
opposite in phase must be introduced inthe control room amplifiers
to cancel these spurious signals. Most of the spurious signals
can be eliminated by introducing semi-sine and sawtooth waveforms.
To correct the vertical shading, semi-sine and sawtooth waveforms
with the same frequency as the vertical scanning frequency are re-
quired. To correct the horizontal shading, semi-sine and sawtooth
waveforms with the same frequency as the horizontal scanning fre-
quency are required. The methods of introducing these compensating
voltages will be discussed in the lesson on control room amplifiers.

%n the next few sentences we shall attempt to account for the
origin of these spurious signals. The potential of the elements
of the mosaic changes from -1.5 to +3 volts at the instant of scan-
ning. Through the collection of secondary electrons knocked out
of the mosaic, the potential of the elements returns to -1.5 volts.
The time required for the potential to return to -1.5 volts is equal
to approximately one - third of the scanning time for one frame.
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Fig.27 Potential distribution over the surface of-the mosaic when
the scanning beam leaves the top of the mosaic.

When the scanning beam leaves the top of the mosaic (the image
is inverted on the mosaic) to return to the bottom, the potential
distribution over the mosaic along a vertical line will have the
forw shown in Fig. 27. In order for the top of the mosaic to re-
turn to a potential of -1.5 volts, it will have to collect secon—
dary electrons knocked out of the bottom and center of the mosaic.
Since most of the secondary electrons from the bottomof the mosaic
will return to the bottom, the top will require a considerably
longer time than one-third frame to return to a potential of -1.5
volts. Thus when the scanning beam reaches the top of the mosaic,
the potential of the top has not returned to -1.5 volts, and has
the distribution shown in Fig. 28. As the top of the mosaic is
slightly more positive than the rest, ‘the effect on the average
level of the picture signal is the same as though the background
of the bottomof the picture was brighter than that for the rest of
the picture.
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The waveform generated by the line scanning is probably due
to the same condition. When the scanning beam leaves the left side
of the mosaic to return to the right (the image is inverted on the
mosaic), the left end will be more positive than the rest of the
line. Most of the secondary electrons are collected by the elements
just scanned by the beam. Thus when the beam jumps from the left
side to the right, there will be insufficient electrons to restore
the potential to -1.5 volts on the left side of the mosaic. The
left side being more positive than theright and center, will cause
the background level of the reproduced picture to be brighter on
the right side than in the original.

*3 Position of
Scanning Beam
«

-1.5 -- - = - ===

Top of Mosaic

Fig.28 Potential over the mosaic as the scanning beam is ap-
proaching the top of the meosaic.

There is a sharp negative pulse generated during the horizon-
tal return time (Fig. 26B). Since this impulse is blanked out by
the blanking impulse which sets the black level (explained in the
lesson on control room amplifiers), it is not important to know
how it originates. The beam current iscut off during the vertical
return time. This is necessary to prevent the return lines from
appearing in the reproduced picture. If the return lines were not
blanked out, the potential of the mosaic would be changed to +3
over the path followed by the beam in returning to the bottom of
the mosaic. The return path would show up in the next frame or
field as bright lines across the picture.

8. [KEYSTONE CORRECTION. The electron gun in the Iconoscope
is inclined at an angle to the surface of the mosaic (Fig. 21),
The surface of the mosaic must be perpendicular to the principal
axis of the lens so that .every part of the optical image will be

Fig.29 The pattern scanned by
the electron beam in the lcono-
scope without keystone correc-
tion.

in good focus. This requires that the electron gun be placed to
one side of the mosaic. The distance from the gun to the top of
the mosaic is greater than the distance from the gun to the bottom.
Therefore, for the same sawtooth current amplitude in the horizon-
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Fig.30 The current waveform of the horizontal sawtooth required to correct keystoning.
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Fig.31 Distortion caused bythe presence of modulating vertical sawtooth component inthe modulated horizon-
tal sawtooth.



tal deflecting coils, the scanning beam will cover a greater dis-
tance at the top of the mosaic than at the bottom. The resultant
pattern would have the form shown in Fig. 29. In order to produce
a rectangular pattern on the mosaic, the amplitude of the horizon-
tal deflection must decrease linearly as the scanning beam moves
from the bottom to the top of the mosaic. The required horizontal
current waveform is shown in Fig. 30. The modulation envelope is
a sawtooth of the same frequency as the vertical sawtooth. The
waveform shown in Fig. 30 is obtained by amplitude modulating the
13,230 cycle horizontal sawtooth with the 60 cycle vertical saw-
tooth.

It is a rather difficult problem to obtain symmetrical modu-
lation of the horizontal sawtooth. One factor that causes trouble
is ‘the elimination of the 60 cycle modulating component from the
modulated sawtooth. The presence of the 60 cycle sawtooth compon-
ent results in the loss of symmetry of the modulation envelopes as
the vertical sawtooth forms the zero axis for the horizontal saw-
tooth. This effect is shown in Fig. 31.

Fig. 32 isacircuit of one method of accomplishing symmetrical
modulation of the horizontal sawtooth. Ti and T2 are the vertical
blocking tube oscillator and discharge tube respectively. The out~
put of T2 is amplified and applied to the vertical deflecting yoke.
Té is thehorizontal blocking tube oscillator. The horizonmtal dis~
charge tube Ts, is a pentode. The horizontal sawtooth is developed
across Ci. Ciischarged through Ry and Rz, and discharged through
the pentode Ts. R3 controls the amplitude of the horizontal sawtooth.
The sawtooth developed across Ci isamplitude modulated by the ver—
tical sawtooth. The vertical sawtooth is applied to both the plate
and the screen of Ts.

The vertical sawtooth that is used to modulate the horizontal
sawtooth is developed across the condenser Cz in the plate circuit
of the discharge tube T3. The grid of T3 is connected to the grid
of the vertica.% blocking tube oscillator. Thus the modulating saw-
tooth will have the same frequency and phase as the vertical sawtooth
used for deflecting the electron beam in the Iconmoscope but its
amplitude can be controlled independently. The potentiometer Rs
controls the amplitude of this modulating sawtooth, and therefore
the percentage of modulation of the horizontal sawtooth. The mod-
ulating sawtooth is amplified by the modulator Ta.

The output of Tu is applied directly to the screen of Ts and
to the resistor Rz through the condenser C3. The componeat of the
vertical sawtooth applied across R: adds to and subtracts from the
voltage of the charging source of Ci. Thus the magnitude of the
charge part of the cycle of the horizontal sawtooth developed across
C: is varied in proportion to the amplitude of the vertical sawtooth
across Rz. In order tomake the modulation symmetrical, the magni-
tude of the discharge part of the cycle of the horizontal sawtooth
must be made equal to the magnitude of the charge part of the cycle.
The condenser is discharged through Ts by the sharp positive grid
pulses from the blocking tube oscillator. The amount of the dis-
charge is determined by the plate resistance of Ts during the dis-
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charge part of the cycle. Then, to vary the magnitude of the dis-
charge part of the cycle in proportion to the charge part of the cycle,
the plate resistance of Ts during the discharge part of the cycle
must be modulated by the same vertical sawtooth. The plate resis-
tance must decrease when the voltage for charging Ci increases.
The plate resistance of Ts can be varied by applying the vertical
sawtooth to the screen as shown in Fig. 32. Since the vertical
sawtooth is applied in the same phase to both the screen and plate
circuits of Ts, the plate resistance decreases when the charging
voltage of Ci increases. The relative magnitude of the charge and
discharge is controlled by the potentiometer Ré. Then the symmetry
of the modulation can be controlled by Rs.

Horizontal output
amplifier and
Deflecting Yoke

8+
100v
vertical Output
—ape Amplifier and

_L teflecting Yoke

&+
250v

Fig.32 Circuit for amplitude modulating the horizontal sawiooth.

The modulated sawtooth developed across Ci: is amplified and
applied to the vertical deflecting yoke. The circuits beyond Ci
are conventional. There is no peaking control for the horizontal
in Fig. 32 but it can be added without destroying the symmetry of
the modulation. No peaking will be required if the output circuit
of the horizental has a small inductance to resistance ratio.

There are other ways that symmetrical modulation can be ob-
tained. One is to modulate the horizontal sawtooth in a push-pull
stage and to combine the outputs of the two halves of the push-pull
stage into a single-ended stage by the reverse of phase inversion.
The vertical sawtooth component will be eliminated in the combin-—
.ation as it has the same phase in both sides of the push~pull stage.
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9. THE TELEVISION CAMERA. A complete television camera is.
shown in Fig. 33. Fig. 34 is a schematic of the camera. TFig. 35

Fig.33 The television camera
used by Midland Televis:ion.

shows the Iconoscope mounted in the camera. Tue camera tripod is
equipped with a "panning head"; that is, the camera can be tilted
up or down and turned from side to side. The cameraman can check
the optical focus by viewing the optical image on the mosaic in a
mirror mounted in the top front of the camera (See Fig. 34). The

Iconoscope
Eye
Piece )
Signal
Plate
g—

Deflect ing
Yoke

Head
Amplifier

~

Cables
LL J JJJ Cameraman's

Headphones
L

Fig.34 The construction of the television camera.
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Fig.35 The lconoscope placed in the camera.

focus of the optical image on the mosaic in this camera is con—
trolled by the same method used in a conventional photographic cam-
era. A three stage video amplifier (called a "head amplifier") is
mounted in the lower rear of this camera (See Fig. 36). The output
of the older model Iconoscope for a 10,000 ohm load resistance, is
approximately one millivolt. Such a signal cannot be transmitted

A RS VRN U ST, L R A

Fig.36 The head amplifier in the camera.
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over a line tothe control room amplifiers without excessive atten-
uation and noise pickup. The head amplifier has a voltage gain of
80 to 100. A complete description of the head amplifier will be
given in the lessononcontrol room amplifiers. The head amplifier

7 The termination of the
the the location of the
tng yoke 1in the camera.

is very carefully shielded so that any pickup from the deflecting
fields will be negligible. Fig. 37 shows the lower front of the
camera. The termination of the cables from the control room, the

Fig.38 Construction of the
cables used to connect the ca-
mera tothe control room equip-~
ment .

deflecting yoke, and the tube socket for the Iconoscope are located
in this compartment. A jack for the cameraman's headphones ismount-
ed in the side of this same compartment. The cameraman receives
his instructions f{rom the control room operator via the headphones.
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Two cables connect the camera to the control room amplifiers. Fig.
38 shows the construction of this cable. Through the center of each
cable isa low-capacity coaxial line. Around the central cable are
several separate insulated conductors. The entire cable is sur-
rounded by ametal shield and overall fabric cover. For thiscarera,
one of the low-capacity cables conducts the picture signal to the
first control room amplifier; the other carries the horizontal de-
flecting voltage to the voke in the camera. Low-capacity cables
are required for these signals in order to prevent attenuation of
the high frequency components. Through the other conductors are
transmitted the filament and plate voltages for the head amplifier,
the filament and grid, and the first and second anode voltages for
the Iconoscope; the vertical deflecting voltage; and the control
room operator's instructions to the cameraman.

Fig.39 NBC television camera.

Fig. 39 is a picture of the television camera used by NBC. It
is more elaborate than the onme described, but the fundamental com-
ponents are tne same. In this camera, two identical lenses are
used. One focuses an image of the televised object on the mosaic,
while the other focuses an image of the same object on a ground
glass screen. Since the lenses are identical and made to operate
in unison; and since the image distances are the same, the image
on the mosaic will be in focus when the image on the ground glass
plate is in focus. The operator can adjust the focus more accur-
ately when viewing the image on the ground glass screem than when
viewing the image on the mosaic directly. The output stages of the
deflecting circuits are often included in the camera housing if
low-impedance deflecting coils are used.

A television camera using the dissector tube is very similar
in design to one using an Iconoscope.

The high voltage power supply for the Iconoscope, the horizon-
tal and vertical sawtooth oscillators, the associated output ampli-
fiers, the keystone correction network, and the power supplies for
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the liead amplifier are located in the control room. The cperator
has controls to vary the amplitude, linearity, and frequency of the
sweeps; the symmetry and amplitude of the keystone correction, and
the focus, intensity, and velocity of the electron beam in the Icon-—
oscope.

1. THE IMAGE ICONOSCOPE. A new Iconoscope, called the "image
Iconoscope", has recently been developed. It isabout ten iimes as
sensitive as the best model of the type previously described. The
new tuhe uses secondary emission multiplication to increase the
intensity of the output sigpal. Fig. 40 shows a picture of the new
tube, and Fig. 41 is a schematic diagram of it. The optical image
is focused on the translucent photoemissive cathode K. The photo-
cemissive layer is deposited on a plane glass disc mounted in the
front end of the envelope of the image Iconoscope. N isathin me-
tallic gauze cylinder of high-resistance material. The front end

Fig.40 The new image lconoscope.

of the cylinder is connected to the photoemissive cathode K. The
other end is grounded. The cathode end is operated at a few hun—
dred volts below ground. The potential increases positively along
the gauze cylinder toward the grounded end. The photoelectrons
emitted by the cathode are accelerated toward the mosaic I, by this
positive field. Around the tube isamagnetic focusing coil M. The
magnitude of the current through this coil is adjusted so that an
electron image of the photoemission from the cathode K, is focused on
the mosaic I. The formation of this electron image is the same as
in the dissector tube. The mosaic I, is not made up of photoemis—
sive particles, but consists of a sheet of insulating material such
as mica,that has been treated to have a high secondary emission
ratio. S isametallic coating on the back of the insulating sheet I,
and is called the signal plate as in the previous model %conoscope
described.

The photoelectrons from the photoemissive cathode K, strike the
wosaic I, and cause a large secondary emission. The secondary elec-
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trons are collected by the metallic coating Az, on the inside of the
tube. Since the mosaic is an insulator, the emission of the sec—
ondary electrons leave a potential distribution over the surface
of the insulator that isan exact replicaof the light and dack shades
of the original optical image focused on the photoemissive cathode
K. Since the insulator has a high secondary emission ratio, the
charge stored on the mosaic is many times greater than the equi-
valent photoemission. The mosaic is scanned magnetically bv an
electron beam from the electron gun in the adjoining neck. The
potential changes that take place on the insulator are similar to
those produced in scanning the photoemissive particle type mosaic.
There will be spurious swna.ls generated as in the ordinary Icono-
scope. fHowever these swna.ls malke up a smaller percentage of the
output of the image Iconoscope than #n the ordinary type. The pic~
ture signal developed across R will also be negative.

L - Translucent Photoemissive Calhode
x - mch resns ance Gaure Cylinder
gret ic Facusing Coil
17 - Tnter Metallic Coating and serves as
Second anode for Electron Gun.
|- Mica sheel
S - Sigral Plate
R - toal Resistance
42, 41, 6, ¢, - Electron Gun

Fig.41 The construction of the image Iconoscope.

The output of the image Iconoscope is ten times as great as
the output of the best Iconoscope of the type previously described.
This increase is due to the separation of the functions of photo-
emission and energy storage. The photoemissive cathode, since it
is acontinuous surface and not made of discrete particles, has more
surface to emit photoelectrons and therefore the emission in micro-
amperes per lumen will be higher than the emission from the part-
icle type mosaic. Also, the photoemission from the cathode K, is
saturated. The charge stored on the mosaic will be much higher
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through the secondary emission multiplication. Since the wmosaic
is an insulator, there will be no leakage between the particles or
elements.

11. LENSES. In Lesson § of Unit 5, you studied the simple
theory of the operation of lenses. It now becomes necessary to
study the application and selection of lenses forusewith the tele-
vision camera. The television camera lens is the first link in the
long chain from the televised scene to the reproduced picture on
the cathode ray tube at the receiver. The quality of the optical
image focused on the mosaic of the Iconoscope, or the photoemissive
cathode of the dissector tube or image Iconoscope is determined by
the excellence of the camera lens. The television circuits are in-
capable of compensating for defects existing in the optical image.

Fig.42 A high quality camera lens.

The type of lens used in the television camera isa converging
lens. If the student has forgotten the laws giving the reiation of
the focal length tothe object and image distances, and the relation
between image and object size for converging lenses, a thorough re-
view of the sections on lenses in Lesson 3 of Unit § is necessary
in order to understand clearly the discussion that follows. A good
lens is free of chromatic and spherical aberration and the various
forms of astigmatism. An aperture of variable size is a standard
part of a photographic or television camera lens. This aperture is
known as a "stop". Fig. 42 is a photograph of a good leas. TFig.
43 is a cross-section of a standard lens. The lensisdivided into
two sections with the variable stop S, between them. The ring R,
is to adjust the size of the stop. This location of the stop is
to prevent barrel shaped and pincushion distortion. FEach section
consists of two or more lenses designed to correct for chromatic
aberration, spherical aberration, and astigmatism. Combinations
of diverging and converging lenses are used. As far as the oper-
ation of the lens is concerned, the combination can be considered
as a single converging lens.

The brilliance, or the average light intensity per unit area
of the images produced by lenses when the detail in the images is
approximately the same, is a measure of the quality of the lems.
The brilliance of the images produced by lenses is proportional to
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the "speed" of the lenses. The speed of a lens is equal to the
ratio of its focal length to the diameter of the largest stop that
can be used with the lens and still obtain a good image.

The formula giving the relation between the focal length of a
lens and the object and image distances is:

1.,1-1
p q f

Where p is theobject distance, g the image distance, and f the focal
length. When p is very large or is several times f, the image is
located very close to the focal point, and f and q are practically
equal. The ratio of the image size to the object size is equal to
q/p, and for a large value of p, this ratio is equal to f/p. In
other words, the size of the images produced by lenses are directly
proportional to the focal lengths.

Fig.43 The constructionof a
camera lens.

If two lenses have the same stop diameter but different focal
lengths, the amount of light going through the two lenses will be
the same, but the brilliance of the images will vary inversely with
the square of the focal lengths. The same amount of light is being
distributed over two different areas and the areas of two similar
figures vary inversely with the squares of any two corresponding
dimensions. (This s‘atement isproved in any high school geometry).
Therefore the brilliance of images vary directly with 1/f2.

If a single lens is considered, and the diameter of the stop
is varied, the brilliance of the image will vary directly with the
area of the stop. The larger stop will let more light pass through
the lens. The areas of the stops vary directly with the squares of
their diameters. Therefore the brilliance of images is directly
proportional to d?, where d is the diameter of the stop.
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It is evident from the preceding discussion that the brilliance
of the image for a lens is proportional to d®/f®. Therefore the
speed of a lens is proportional to d?/f%. The speed of a lens is
designated by F/a, where:

a = —1 = ﬁ: .£
/a%/£* 2 d

The d in the formula is the diameter of the largest stop that can
be used with the lens and obtain a good image. The lenses used in
the television studio of Midland Television have speeds of /2.9 and
F/4.5, and focal lengths of 6% and 17 respectively, and of course
F/4.5 is the slower lens. The speedsof any two lens are inversely
proportional to the squaresof their F/ numbers. Two lenses having

OOC

f/2.9 f/3.5 f/u.5
f/5.6 f/8 f/11

Fig.44 Showing how the relative size of aperture openings affect
the speed of a lens.

the same F/ number will produce images of equal brilliance of the
same object. The stop diameters for speeds of %, &, ¥, etc. of
the fastest speed of the lens are indicated on every lens. The
smallest stop marked is usually from F/45 to F/22. Therefore a
lens having a maximum speed of F/2.9 may be stopped down to the
slowest speed indicated on the lens (F/22 to [/45...See Fig. 44).
It is important that the cameraman know the correct speed %ens to
use for different conditions. The twomain factors controlling se-
lection of the lens is the sensitivity of the Iconoscope or dissector
tube and the intensity of the light reflected to the camera from
the televised scene. The intensity of the light illuminating a
scene is measured in foot candles. No surface reflects 100% of the
incident light. The reflected light ranges from near 100% for a
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good plane mirror, to 0% for a perfectly black surface. The term
"surface brightness" is-used to describe the intensity of the light
reflected froma surface. Surface brightness is measured in candles
per square foot. The light reflected froma perfect reflector will
have a surface brightness of one candle per square foot when the
intensity of the illumination on the reflector is one foot candle.
The intensity of a point source of light ismeasured in candle power.
The intensity of the light reflected from a surface is measured in
candles per square foot.

Present day Iconoscopes, when used withanF/4.5 lens, require
an average surface brightness of approximately 15 candles per square
foot to produce a satisfactory picture. A satisfactory picture is
one in which interference caused by noise is not disagreeable to
view, and one in which the spurious signals can be properly compen-
sated. The average surface brightness required is less when the
contrast in the televised scene is high. If an F/2.7 lens isused,
the required average surface brightness is about 5 candles per
square foot (the brilliance of the image varies inversely with the
square of the speed of the lens). The average intensity of the
light reflected from a scene can be measured with a foot candle
meter such as the Weston model described in Lesson 5 of Unit 5.

The size of the image produced by a lens varies directly with
the focal length of the lens. The size of the mosaic in the Icono-
scope is fixed. If the object distance is kept constant and sever-
al lenses of different focal lengths are used, part of the scene
falling on the mosaic of the Iconoscope, or the field of view of the
lenses, will vary inversely with the focal length of the lenms.
Therefore, if the cameraman desiresto televise one individual of a
group (take a close-up) he will use a long focal length lens, and
if he desires to televise the whole group he will use a short focal
length lens. Another way of accomplishing the same operation with
a single lens is to decrease theobject distance to televise aclose-
up and increase the object distance to televise a group. In many
cases this is impossible or inconvenient to do. It would be im-
practical for the cameraman televising a football game to get close
to the scene of action. He must stay on the side lines, and in
order to get aclose-up of the play, he will use a long focal length
lens (telephoto lens).

The image distance also varies with the focal length of the
lens. Therefore, the shortest focal length lens that can be used
with a television camera is determined by the mechanical construc-
tion of the pickup tube. The mosaic inan ordinary type Iconoscope
is located three to four inches from the glass wall of the envelope.
The focal length of -a standard lens is measured from the center of
the cylinder. The minimum image distance that canbe obtained when
using an Iconoscope is from five to six inches. This means that
the shortest focal length lensthat can be used is around six inches.
Tubes like the dissector and image Iconoscope can beused with much
shorter focal length lenses, as the photocathode is just inside the
envelope of the tube. The long focal length lens required with the
dissector tube fortelevising motion pictures isan advantage, as an
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enlarged image of the frame of the film is focused on the cathode.

The longest focal length standard lens that can be used with
the television camera is limited by physical size of the camera.
Lenses with focal lengths of 18 to 20 inches or more are desirable
for getting close-ups of distant persons or objects. A 20-inch
lens has an image distance of at least twenty inches. Using an or-
dinary 20-inch lens would make the length of the camera bellows so
great that the lens would project several inches in front of the
camera. It is difficult to mount such a bellows and prevent it
from vibrating mechanically. This difficulty can be overcome by
using "telephoto lenses". A telephoto lens is a lens that has an
image distance that is shorter than the optical focal length. For
example, the image distance for an 18-inch focal length telephoto
lens focused on a distant object will be around 13 inches. Thus,
there is a saving of five inches in bellows length. Fig.45 shows
a telephoto and an ardinary lens of the same optical focal length.
The telephoto lens consists of ashort focal length converging lens
and a long focal length diverging lens. The diverging lens is in-
side the focal point of the converging lens. The diverging lens
causes the rays of light todiverge slightly and the image is formed
a little farther from the converging lens. This results ina larger
image being produced. The images for the two lenses in Fig. 45
have the same size but the distance of the image from the converging
lens is greater for the simple lens than it is for the telephoto
lens. Thus there isa net saving in image distance or bellows length.
Fig. 46 shows a picture of a te%.ephoto lens.

]

0 (A) Telephoto Lens

(B) ordinary Lens

\/\\ :
R

Fig.45 The construction of a telephoto lens compa-ed to an or-
dinary lens.

Fast lenses have a small "depth of focus". A lens has asmall
depth of focus when the images of objects in front and behind the
object upon which the lens is focused are not sharply defined. A
lens has greater depth of focus when the images of objects in front
and behind the object upon which the lens is focused are quite sharp-
ly defined. The depth of focus of alens can be increased by reducing
the stop diameter of the lens. Of course stopping down the lens
reduces the speed of the lens. Then in order to have the same in-—
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teasity of the illumination on the televised scene must be increased.
Fig.47 shows how the depth of focus increases as the stop size or
speed of the lens is reduced. The lens used in obtaining the data
for the curves had a speed of F/6.3. The lens was focused on an

Fig.46 A telephoto lens.

object 3 feet away from the lens. Any object whose distance is
greater than the minimum distance designated by the line DiD1, or
is less than the maximum distance designated by the line DD, will
be in focus.

§ T T T T T T T

Lens Focused at 3 Ft.

o——

()1-<~N

Distance In Feet

n Focus

—— 0D - Far Distance }
|
1 —D01Dg1— Near =
Standard 1/100 Circle
—t—t—F— of Confussion —
HERN P
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F - Value of 6:5 Focal Length Lens

Fig.47 The increase of the depth of focus of a lens when the
stop diameter or speed is reduced.

The reason that the depth of focus is increased when the lens
is stopped down is shown in Fig. 48. Fig.48A shows the paths of
the rays of light through the lens when the entire lemns is used.
Fig.48B shows the paths of the rays of light through the lens when
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just the center of the lens is used. In part A, the two rays from
0 on the object diverge rapidly after leaving point 0. These two
rays converge rapidly on the other side of the lens to point I on
the image. In part B, the two rays diverge slowly from point 0
and converge slowly topoint I. When the rays diverge slowly, their
source is not sharply defined. Therefore the rays coming from
points nearer the lens and farther fromthe lens than 00' will focus
in the plane of the image II'. Also the focus will be good for the
object 00' in planes nearer the lensand farther from the lens than
the plane of the image II'.

0 kftop
\

(b)

o'

Fig.48 The depth of focus is increased by stopping down the lens.

12. PICTURE SIGNAL GENERATOR TUBES. Before closing the dis-
cussion on television pickup tubes, we shall describe a tube that
generates a picture signal suitable for testing the operation of
the video amplifiers and other circvits of a television system.
These tubes transmit but one picture and this picture is incor-
porated in the tube. Fig. 49 shows the construction of one of these
picture signal generator tubes. The picture is printed with acar-
bon ink on the aluminim plate T. The aluminumisleft uncoated for
the white parts of the picture. The picture is scanned by an elec-
tron beam. Either magnetic or electrostatic scanning cam be used.
The tube in Fig. 49 uses magnetic scanning. The picture signal
developed across the load resistor R is due to the different sec-
ondary emission ratios of the carbon coated aluminum surface and
the uncoated aluminum surface. The aluminum has a high secondary
emission, while the carbon coated surface has a very low secondary
emission. The secondaries are collected by the inner metallic coat-
ing C. C and the second anode Az, are operated at ground potential.
The target T, is operated at a negative potential with respect to
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C so that all the secondaries will be collected; that is, the sec-
ondary emission is saturated. There isan electron current through
R to the target T of the same magnitude as the secondary emission
current from T to C. When the beam scans the aluminum or white,
this current will be high, and when it scans the carbon coated
aluminum or black, this current will be low. Thus the voltage de-
veloped across R will be most positive for white. In other words
the polarity of the picture sigmal is positive.

X \
ES F] g H 4&C
Output A2 a1l

‘VVWV\} e
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Fig.49 Tube for generating a picture signal! from an internally
incorporated picture.

These tubes are on the market with many kinds of pictures and
test patterns incorporated in them. However, since the picture
signal from an Iconoscope is negative, the pictures on the plate
of the test tubes used in the Iconoscope for testing the system
have the light and dark shades reversed, or the picture is negative.
Since the secondary emission from the target T is saturated, there
is no spurious signal generated. The picture signal is about as
perfect as it is possible to generate.

12. TEST PATTERNS. The quickest and simplest way to check the
operation of atelevision systemisby means of atest pattern. Fig.
50 shows a test pattern that issuitable for this purpose., Some of
the factors that can be readily checked by the use of such apattern
are: the linearity of the sweeps; aspect ratio; keystone correction
for the camera; vertical and horizontal resolution; spot defocusing;
and phase, frequency, and amplitude distortion of the amplifiers.

The test pattern is placed before the television carera and
the image of the test pattern is focused on the mosaic of photo-
cathode of the tube. The chart is spaced from the camera so that
the image completely fills the usable area of the mosaic or photo-
cathode.

If the scanning pattern on the cathode ray receiving tube
is in perfect adjustment asto aspect ratio and linearity, the lin-
earity, keystoning, and aspect ratio of the pattern on the plate
of the Iconoscope can be adjusted by observation of the reproduced
pattern on the receiving tube. Lack of linearity in the camera
sweeps shows up as uneven spacingof the fine vertical and horizon-
tal lines forming the squares, and also as distortion in the shape
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of the large circles. If the aspect ratio isincorrect, the squares
will be reproduced as rectangles and the large circles as ovals.
If the keystoning is incorrectly adjusted, the width of the pattern
will decrease or increase toward the top, depending upon whether
the keystoning is under orover corrected. Lack of syumetry in the
keystone correction will show up as a wedge-shaped pattern that is
tilted to one side or the other.

When the camera sweeps are in correct adjustment, the chart
can be used to check the overall resolution of the system. The
wedges in the center of the chart and in the four circles in the
corners are-used for checking the resolution in both the vertical
and horizontal directions. Each wedge consists of a series of
wedge-shaped black and white barsof equal size. The vertical wedges
are used to check horizontal resolution and the horizontal wedges
are used to check the vertical resolution. When the scamning pat-
tern covers the entire image of the test pattern on the mosaic, the
small numbers inthe arcsof the circles between ihe wedges indicate
the definition corresponding to the width of the black and white
bars in the adjacent wedge. These numbers must be multiplied by
ten. For example, the number 45 in the center group of wedges means
that the size of the lines in the wedge at that point correspond to
450-1ine definition of the pattern. The definition or resolution
increases toward the small end of the wedge. The resolutionof the
system is shown by its ability to reproduce the lines in the wedge
as the definition increases. The maximum resolution of the sys-
tem is indicated by aline across the wedge marking the point where
the systems is just able to reproduce the separate lines in the
wedge. Beyond that point, the wedges are reproduced as a solid
color. If the small circles in the center of the pattern are re-
produced perfectly, the system has at least 300-line resolution in
both the horizontal and vertical directions. The wedges in the
corners will reveal defocusing in the cormers of the scamning pat-
tern as a loss in resolution in the corners.

The chart can beused to check the transmission characteristics
of the amplifiers in a television system. Poor high frequency re-
sponse is revealed by low horizontal resolution and the lack of
sharp vertical boundaries between black and white sections of the
pattern. Poor low frequency response shows up as a change in back-
ground level from top to bottom of the pattern. Phase shift is re—
vealed by the presence of uneven shading across any vertical black
bars in the pattern. Also, the vertical black lines will have a
sharp leading edge but ablurred trailing edge, and are followed by
a white tail that blends into the background.

Amplitude distortion is revealed by the poor reproduction of the
half-tone wedges set at a 45° angle in the center of the pattern.

Through experience with the use of test patterns, the control
room operator can gain considerable information as to the condition
of the entire system by the reproduced picture of the pattern.

Tubes like those described inthe previous section, are avail-
able with test patterns incorporated in them. These will reveal
any faults in the system exclusive of the television camera.
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EXAMINAT ION QUESTIONS

INSTRUCTIONS. Before starting toanswer these examingtion ques-
tions, pou should have stucied the lessor material at least tlree
times. Be sure that you understand each question--then proceed to
write the best answer you ccn. Make all answers complete and ir de-
tecil. Print your rame, address, and file number cneach page anc be
neat in your work. Your pgper must be easily ledible; otherwise,
it will bereturned ungraced. Finish thisexamriration before start-
ing pour study of the next lesscen. However, send in at least three
examirations at a time.

1. What happens to the picture signal amplitude when the num-
ber of lines in the picture is increased?

2. Why can't ordinary vacuum tube amplifiers bte used to am—
plify extremely weak signals?

3. What are the two solutions to the problem of obtaining a
usable picture signal from a high-definition television picture?

4, What is the principle of the electron multiplier?

5. What is meant bty the storage principle asapplied to atel-
evision pick-up tube?

6. How is scanning accomplished in the dissecter tube?

7. Describe briefly the principle of operation of the Icono-
scope.

8. What are the essential components of a television camera?
9. What is '"keystome correction", and why is it necessary?

10. What is meant by “"depth of focus"? How can the depth of
focus of a lens be increased?

54



Notes

(These extra pages are provided for your use in taking special notes)
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KNOCKS & BUMPS

..... they discourage some,
..... make others fightin' mad.

During the years that we have been guiding the desti-
niesof ambitious men, we have had an excel lent opportunity
to study the varied reactions of our students to knocks
and bumps.

Some *knocks and bumps® are really tough. Others are
imaginary. But regardless of whether they are *tough® or
'soft®, it is usually the man who is looking for an "out®
who quits when the going gets a littie bumpy. The *man®
with a spine gets mad and fights it out.

Severa! instances of REAL backbone, stand out in our
memory. One of these was a man 28 years of age, with a
family to support. Misfortune had tracked him for years.
His training period proved to be a trial for the stoutest
heart. He did not catch on easily....progress was very,
very slow. And, fo support his family, he worked NIGHTS.

BUT HE HAD BACKBONE. HE GOT MAD AND FOUGHT 'ER OUT.

'What happened to him?" you ask. The same thing that
usual ly happens to every man with courage. He completed
his training with honors and A SMILE that was not dimmed
in the least by "knocks and bumps'. He created a favor-
able impression upon a prospective employer wno visited
our schoo!. AND SHORTLY AFTER, HE WAS EMPLOYED AND MADE
GOOD.

Here you have just one of MANY instances where the
will tofight and stick it out, paid substantial dividends.



Lesson Two

TELEVISION
CONTROL

AMPLIFIERSS

"Television control
room equipment is the most
important link in the com-
plicated chain of apparatus
needed to produce or transmit
8 television image; therefore
this lesson will be one of the ™
most importanmt in this unit of your N 2
studies.

"Since there are as many different set-ups in this type of
equipment as there are television stations, we will attempt to de-
scribe only a typical installation. In addition, wewill cover the
fundamentals of such equipment, so that you will be sufficiently
acquainted with any installation you might encounter."

1. INTRODUCTION. This lesson will follow the picture signal
from the signal plate of the Iconoscope through the control room
amplifiers to the television transmitter. In this amplifier chain,
the spurious signals generated in the Iconoscope are neutralized;
the vertical and horizontal blanking and synchronizing impulses are
inserted; and the DC component, which represents the average light
level, is also inserted.

Before going into a detailed study of the functions of the
various units in the control room amplifiers, it will be necessary
to take up a more comprehensive study of the wide range amplifiers
than was given in previous lessons. Therefore, the first part of
this lesson will be devoted to a discussion of video frequency am—
plifiers.

2. NATURE OF THE TELEVISION SIGNAL. The waveform of a tele-
vision signal is quite different from that of speech or music. In
speech and music, the total range of frequencies involved is from
16 to 16,000 cycles. Inmodern high-definition television systems,
the range of frequencies is from 0 to 4,000,000 cycles. In sound,
the waveform changes slowl¥, and any particular formation is recur-
rent for several cycles. In television, the waveform changes very
rapidly, and any particular formation may occur but once and not be
repeated. In sound, the amplitude changes of the signal take place
relatively slowly, while in television, the amplitude changes may
take place almost instantaneously. It is far more difficult for
communications channels to handle instantaneous voltage changes
without distortion than those which take place relatively slow%y.
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In Fig. 1 is shown an oscillogram of the electrical waveform
corresponding to the word "seems". In order to obtain an idea of
the time interval involved and the rapidity of the amplitude chang-
es, an oscillogram of a H00-cycle sine wave having a duration of one-
tenth of a second is also shown in Fig. 1. The total time interval
required to speak the word "seems" is thus seen to be approximately
four-tenths of a second. Also, the waveforms corresponding to each
letter are repeated for several cycles, and the amplitude changes
take place relatively slowly.

A

AhA
ALY

Fig.1 Waveform of the word "seems".

In Fig. 2, is shown a graph of the waveform produced in scan-
ning one line of the picture of awoman's head. Tke total time in-
terval for the line of the picture and the blanking and synchronizing
impulse is slightly greater than 75 microseconds (.000075). This
particular configuration is not likely to be repeated for any other
line of the picture. The amplitude changes, especially those be-
tween black and white picture elements, and those between the back-
ground and the blanking impulse, take place very rapidly.

The tonal quality of a sound or musical note depends on the
number, amplitude, and harmonic relation of the audio frequencies
present in the sound or note. All of these separate frequencies
are sinusoidal in form. Thus, any sound consists of agroup of sine
waves of different frequencies and amplitudes. The quality of the
sound depends on the harmonic relation of the component frequencies.
Therefore, the waveform in Fig. 1, corresponding to the word "seems",
can be resolved into a number of sinusoidal wavesof different fre-
quencies. In Fig. 3A is shown the waveform of the note emitted by
an organ pipe, and in Fig. 3B is a graph showing the sinusoidal
frequencies and their relative amplitudes which make up the waveform
shown in Fig. 3A.

The waveforms generated in scanning a television picture can
also be resolved into sinusoidal waves of different frequencies and
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amplitudes. In Fig. 4B is shown the waveform produced in scanning
one line of the pattern shown in Fig. 4A. The waveform for the
blanking and synchronizing impulse has been omitted for simplicity.
If an instantaneous return time is assumed, the television signal
will consist of an AC voltage with the waveform shown 'in Fig. 4B.

Time —>

Fig.2 wWaveform of one line of a picture.

Fig. 5 shows how this waveform can be built up by combining
sinusoidal waves of the correct frequency, amplitude, and phase.
Fig. A shows the fundamental component, which has the seme fre-
quency as the square wave, and the third and fifth harmonics of the
fundamental with the correct amplitude and phase that they have in

M\]\N\/\N\/W "

Cello Organ Pipe ¢

¢ T T
H— : ®

%
Frequancy

Fig.3 wWaveform and component frequencies of the note emitted by
an organ pipe.
the square wave shown inFig. 5D. Fig. 5B shows the resultant wave-
form when the components in Fig. §A are added together. You will
note that there is considerable resemblance between this and the
square wave in Fig. HD. Fig. HC shows the resultant waveform pro-
duced when the fundeamental and the odd harmonics through the 15th
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e harmonic; for example, the 15th har-
amplitude of the fundamental for a square
a fair approximation of the Square wave. To cop-
will require the addition of decreas-
rmonics through infinity, However,

. Fig.y Patternandcorrespond—
'ng waveform.,

Any AC waveform that has reacheq steady state?! conditiong cap
be constructeq by adding together harmonically related sinusoida]
waves with the broper amplitude ang Phase. Whether even or odd
harmonics op both are required, depends on the form of the wave
that is to be constructed. The number of the harmonics that must
be included, depends on the waveform that is to be constructed.
Waveforms with sharply rising slopes and sharp corners, such ag ga
Square wave, or sawtooth with a fast return time, require very high
order harmonics to reproduce them exactly. The simple waveform
produce it exactly. The amplitudes of .the lower harmonics may be
greater or less than the amplitude of the fundamental (See Fig. 3B).
Eowever, the amplitudes of the higher harmonics diminisn as the
frequency decreases.

1 when the switch is first closed in an ac circuit, there are transients produceq
which modify the form of the current ang voltage waveforms. The duration of the tran-
sients depends on the time constants of t e circuit components. Steady state conditions
exist ina circuit when all the transients, caused bythe initial closing of ithe circuit,
have died out, Transi2nts are also produced in a DC circuit when itcontaing Inductance
OrF capacitance, or poth.
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If the waveformisnot periodic; that is, it occurs once and is
not repeated again, its structure is more complex. The component
sinusoidal frequencies not only include the harmonics of the fun—
damental frequency, but also include bands of frequencies around
the harmonic frequencies, bands of frequencies between the harmonic
frequencies, and also bands of frequencies lower than the funda-
mental frequency. Figs. 6A, B, and C show the component frequen-
cies and their amplitudes for three conditions involving square
waves. Fig. 6A shows the component frequencies for an AC voltage

(8)

(8) M\/\/\/
Fig.5 Synthesis of square

wave. m
’ \MJ

(0)

of square waveform after steady state conditions have Leen estab-
lished. Fig. 6B shows the component frequencies and their ampli-
tudes for the condition that thewaveform consist of but three square
cycles; that is, the amplitude is zero before and after the inter-
val required for the generation of the three cycles. For this con—
dition, the component frequencies range from zero to the maximum
recorded in the graph. However, the component frequencies exist
in discrete groups or baunds. Fig. 6C shows the component frequen-
cies and their amplitudes for the condition that the waveform con-
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sists of but ome square wave cycle. The component frequencies
range from zero upward, but the distribution of the frequencies is
different from that for Fig. 6B. In Fig. 6D is shown the waveform
and component frequencies that might be obtained in scanning one
line of a television picture. The structure of the component fre-
quency spectrum is quite complex as that particular configuration
will probably occur only once per frame, and if the televised scene
is in motion, it may never occur again throughout all time!

| N
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Fig.6 oDifferent waveform types and their sinusoidal frequency
spectirums.

The complexity of the component sinusoidal frequency spectrum
obtained in scanning a picture, depends on two factors: {a) the
number of times that a particular configuration is likely to occur
during the scanning of a frame, and (b) the rate that the amplitude
of the signal changes during scanning. When the scanned detail
becomes of the same order of magnitude as the scanning aperture,
the distortion of the resultant waveform due to the Finite size
of the scanning aperture produces a waveform of much simpler struc-
ture. Although the fundamental frequency will be hiph, the range
of the component harmonics is very limited. If the highest fre-
quency transmitted by a television system is limited to the maxi-
mun calculated by the formula F = sA°RN, the distortion of the
scanned waveform will not be more noticeable than that caused by
aperture distortion.

In both sound and television, complex waveforms can be resolved
into groupsof sinusoidal components. The television waveforms have
much greater complexity and cover amuch wider range of frequencies.
In the case of television, the phase relations between the component
sinusoidals is lmportant because the shape of the impulse, and there-
fore, the detail inthe picture, depends on the correct phase rela-
tions of the comporents. In sound, the phase relations between the
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components is not important, as the ear detects sound in terms of
frequency and amplitude, and not by the shape of the waves. Thus,
during the process of transmission of a television signal, it is
absolutely necessary to ‘maintain the same phase relatioms between
all component frequencies. This is not necessary in the case of
sound, as the ear is unable to detect phase differences of the mag-
nitude ordinarily found in conventional sound amplifiers.

3. DESIGN REQUIREMENTS OF VIDEQ AMPLIFIERS. The three types
of distortion encountered in amplifiers are phase distortion, am-
plitude distortion, and frequency distortion. Invideo amplifiers,

(A) Inpit
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Fig.7 Output waveform of an
amplifierwith (8) no phase dis-
tortion, and (C) withphasedis-
tortion. @ o nan

R
S

25

Qutput with
{€) pra-
distorticn

phase distortion is far more objectionable than the other two. Very
little phase distortion can be tolerated in an amplifier chain,
while considerable amplitude and frequency distortion can occur
before the effect becomes objectionable.

Phase distortion is minimum in an amplifier when the phase
shift is directly proportional to the frequency. In other words,
the phase difference between the output and input voltages must be

7




proportional to the frequency. For example, if the phase difference
at 1000 cyclesis ten degrees, the phase difference at 16,000 cycles
must be ten times ten degrees, or one hundred degrees, and simi-
larly, the phase difference at 500 cycles must be one-half of ten
degrees, or five degrees. When this condition exists, the waveform
is unchanged by transmission through the amplifier chain, provided
there is no amplitude or frequency distortion.

Figs. 7A and B show the phase conditions that must exist be-
tween the input and output voltages of an amplifier for no phase
distortion. Fig. 7C shows distortion of the output waveform pro-
duced when these conditions are not fulfilled. Fig. 7A shows the
input waveform and its component sinusoidals. These consist of the
fundamental and the third and fifth harmonics, with the amplitudes
that they have in a square wave (see Fig. 5).

Fig. 7B shows the output waveform when there is no phase dis-
tortion. The output fundamental component is leading the input
fundamental by 90 degrees. The output third harmonic component is
leading the input third harmonic by 270 degrees, and the output
fifth harmonic is leading the input fifth harmonic by 450 degrees.
In other words, the phase shift resulting from transmission through
the amplifier, is proportional to the frequency.

L
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Equivalent Circuit
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Fig.8 Two sources of phase distortion.

Fig. 7C shows the type of waveform distortion caused by the
phase shift introduced by the grid condenser—grid leak combination
of an amplifier. In Fig. 84, the voltage e, developed across the
grid leak will lead the imput voltage e;j by an amount determined by
the ratio of the reactance of the coupling condenser to the resis-
tance of the grid leak. From the vector® diagram in Fig. 8B, we see

Vector diagrams will be explained in the appendix of this lesson.
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that this lead increases for lower frequencies, as the reactance of
the coupling condenser is greater. For the condition shown in Fig.
8B, the reactance of the coupling condenser and the resistance of
the grid leak are equal, and the voltage eo leads the voltage e
by 45 degrees. Also, the voltage e, will be down to 707 of ej.
If the voltage e; has the waveform shown in Fig. 7C, and the fre-
quency of the fundamental component is that which will make the
coupling condenser reactance and the grid leak resistance equal,
the voltage e, will have the waveform showninFig. 7C. This wave-
form was drawn on the assumption that there isno frequency distor-
tion caused by the grid condenser-grid leak combination. The wave-
form distortion caused by frequency distortion is small in compar-
ison to that caused by phase distortion.

. Fig. 8C shows the circuit conditiousathigh frequencies. The
load at high frequencies consistsof load resistance R, and the ca-
pacity C, in parallel. C includes the output capacity of the tube,
the input capacity of the following tube, and the wiring capacity
to ground. Fig. 8D shows a vector diagram of the circuit when the
capacitive reactance and the resistance in the load are equal., For
this condition, the gain at high frequencies isdown to 707 of the
gain at intermediate frequencies. The current Ir through the resis-
tance part of the load is inphase with the output voltage e, across
the load. The current Ic through the capacitive part of the load
leads the voltage e, across the load by 90 degrees. The tube current
It is the vector sum of I® and Ic. Since intelevision amplifiers,
Rp is many times larger than R, the input voltage e; will be in
phase with the tube current IT. Since IT leads Ir by the angle ©,
the output voltage will lead the equivalent voltage e by the same
angle. (Of course e; is u times as great as the input voltage to
the tube, and is opposite in phase to the input voltage.) There~
fore, at high frequencies, the higher frequency components lag the
lower frequency components and, when the capacitive reactance in
the load becomes equal to the resistance in the load, this lag
amounts to 45 degrees. Then Fig. 7C cen also represent the phase
distortion produced at the high frequency end of an smplifier's
response if the attenuation produced by the shunt capacity is neg-
lected.

Another expression ‘that is used to describe the condition for
minimum phase distortion is that the amplifier has "constant time
delay" for all frequencies. This means that the transmission velo—
cities of all the frequencies are slowed up equally during trans-
mission through the amplifier.

The characteristics of a picture element will be almost com—
pletely destroyed if its component frequencies are spread over a
distance equivalent to two picture elements. Since the time of
scanning one picture element is approximately .13 microseconds, the
total variation in time delay for the range of frequencies required
to transmit a 441-line picture should not exceed .13 microseconds.
This includes the delay occurring in the whole amplifier chain from
the camera to the cathode ray tube in the receiver.

There are other causes of phase distortion than that described
in preceding paragraphs. In fact, the phase distortion caused by
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the grid condenser-grid leak combination is corrected by introduc-
ing a phase distortion of the opposite sense. Phase distortion and
its correction will be described in more detail in a later part of
this lesson.

Frequency distortion results when the gain of an amplifier is
not uniform over the required frequency range. In general, when
frequency distortion exists in an amplifier, the gain is less at
the very low and at the very high frequencies of the required fre-
quency range. Fig. 9 shows the distortion produced when frequency
distortion is present. In this particular figure, the effects of
poor low frequency response and poor high frequency response have
been separated. Fig. 9A shows the input waveform to an amplifier.

(A) Input

sponse, and (C} poor low fre-
quency response.

Output for
(B) high frequency
response

Output for
(c) poor low
frequency response

\M/ Fig.9 Distortion produced
by: FB) poor high frequency re-

This waveform consists of the fundamental, and the third and fifth
harmonic component sinusoidals of asquare wave. Fig. 9B shows the
waveform distortion produced when the fifth harmonic is not passed
by the amplifier, and the gain for the third harmonic isdown fifty
per cent when compared to the fundamental. Fig. 9C shows the wave-
form distortion produced when the gain for the fundamental component
is fifty per cent less than for the other component frequencies.
When the high frequency response ispoor, the steepnessof the front
and rear edges of the wave is reduced and the corners become more
round. When the low frequency response is poor, the amplitude in
the center of the wave pulse is reduced. In plotting these wave-
forms, only the effect of frequency distortion has been considered.

Amplitude distortion exists in anamplifier when the amplitude
of the output is not proportional to the amplitude of the input.
It is caused by the lack of linearity in the operating region of
the tube characteristics or poor power supply regulation. Fig. 10
shows the effect of amplitude distortion ona sine wave. The shape
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of the wave is changed. If the effect is due entirely to amplitude
distortion, the change in shape means that the amplifier has intro~
duced new frequency components that were not present in the input
waveform.

In discussing the various types of distortion encountered in
amplifiers, we have considered each separately, Actually, the phase
and frequency distortion occur together. When an amplifier has a
flat high frequency response over the desired range, there is very
little phase distortion occurring over that range. Conditions are

fnput

Fig.10 Distortion produced
by amplitude distortion.

/_\ Qutput

somewhat different for the low frequency end of the response char-
acteristic. Constant time delay, or minimum phase distortion does
not occur simultaneously with uniform low frequency response. Since
constant time delay is more important than uniform frequency re-
sponse, the low frequency end of a video amplifier is designed to
have constant time delay, or minimum phase distortion.

If we examine the waveform shown in Fig. 2, for one line of a
television picture, we see that it is similar to a square or rect-
angular wave, as it has very rapid amplitude changes and has sec-
tions where the amplitude is constant for a considerable interval
(relatively speaking). Therefore, an amplifier that will amplify
square waves without distortion, will amplify television picture
signals without distortion. The square waves used in testing am-
plifiers must have their fundamental frequencies and major components
included in the frequency range produced in the scanning of a mod-
ern high-definition television picture.

The lowest frequency encountered in modern television systems
is the field frequency, or 60 cycles. Therefore, an amplifier that
will pass a60-cycle square wave without distortion, will have satis—
factory low frequency characteristics for the undistorted transmis-
sion of television signals. Fig. 11 shows the output waveforms
produced for an input square wave when the amplifier has the low
frequency characteristics with respect to gain and phase shown in
the adjacent columns. The frequency of the square wave is desig-
nated by fo. The phase characteristic is plotted in terms of the
delay in microseconds versus frequency. The increase in delay is
plotted along the vertical axis. If we examine Fig. 8B, it will
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Fig.11 Output wavefaorms and the corresponding low frequency gain
and phase characteristics. .

be evident that an advance in phase will correspond to smaller de-
lay in transmission through the amplifier.

The highest frequency encountered in modern television sys-
tems is approximately 4 megacycles. An amplifier that will pass a
100,000-cycle square wave without distortion, will have satisfactory
high frequency gain and phase characteristics. The phase and gain
characteristics in the intermediate range of frequencies from four
or five hundred cycles to one or two hundred thousand cycles, do
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not usually require checking. The low end of this intermediate
group is sufficiently high so that the reactance of the coupling
condenser is negligible, and the highest frequency in this range
is sufficiently low so that the reactance of the shunt capacity is
many times larger than the load resistance.

In aprevious lesson, you learned that the loss in gain at the
high frequencies, caused by the shunting effect of the reactance of
the tube and wiring capacities, could be overcome by inserting
inductance in series with the plate load resistance. You also
learned that, for a given load resistance, the maximum frequency
passed by a compensated amplifier stage without loss in gain, was
that frequency which made the shunt capacitive reactance equal to
the load resistance. For this condition, the inductive reactance
of the compensating coil at the maximum frequency, was equal to
one-half of the capacitive reactance.

The plate load of a simple compensated amplifier stage is a
parallel tuned circuit with considerable resistance in the induc-
tive arm. You are familiar with the fact that a damped oscillation
is produced in a tuned circuit when a sharp voltage pulse isapplied
to it. The rate that the amplitude of the damped oscillation is
attenuated depends upon the amount of resistance in series or shunt
with the inductance. By increasing the magnitude of the series
resistance sufficiently, the oscillation is suppressed. The circuit
is said to be critically damped when the resistance has been in-
creased to the point that the oscillation is just suppressed.

In a correctly compensated amplifier stage of the type that
you have studied, the parallel tuned circuit formed by the shunt
capacity and the compensated inductance, is critically damped by
the load resistance. If the load resistance is reduced, and the
compensating inductance is unchanged, the circuit isno longer cir-
tically damped, and the parallel tuned circuit will produce a damped
oscillation whenever a voltage having a steep slope is impressed on
the amplifier stage. The frequency of the oscillation isdetermined
by the LC product. Whenever the load resistance is reduced below
critical damping, it becomes less than the impedance of the paral-
lel tuned circuit at resonance. Therefore, the amplifier stage will
have maximum gain at the resonant frequency of the load circuit.

Fig. 12 shows the distortion of a square wave produced by am-
plifiers with different phase and gain characteristics over the
high frequency part of their response. In Figs. 124, B, C, D, and
E, the damping is critical, or more thaa critical. In Figs. 12F,
G, H, and I, the damping is less than critical, and damped oscil-
lations accompany rapid voltage changes. The appearance of Fig. 12H
is due to the sharp cutoff inthe frequency response. Im Fig. 12I,
positive feedback is present, and the oscillation buildsup instead
of decaying.

Most of these causes of high and low frequency distortion can
be recognized by observing the reproduced picture. The effects of
low frequency distortion will show up as uneven shading along the
vertical axisof the picture. Also, the vertical return lines will
not be completely blanked out. The most common type of low frequen-
cy distortion in the video amplifiers is that illustrated in Fig.
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11F. This type of distortion is caused by poor low frequency gain

and less delay at the lower frequencies.

fm = Maximum frequency of television signal

from different high frequency gain

The waveform generated in scanning a solid white background,
if the horizontal blanking and synchronizing impulses are omitted,
will have the form shown in Fig. 13A.
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Fig. 138 shows this same



waveform after transmission through an amplifier with the «phase
and gain characteristics shown in Fig. 11F. This means that the
reproduced picture will decrease in brightness from top to bottom.
The blanking impulse may not suppress the vertical return lines
completely near the top of the picture. The other types of low
frequency distortion can be recognized by comparing the shading of
the picture to the waveforms shown in Fig. 11.

(»)

Vertical blanking impulse

Fi .*3 (o) waveform generated in scanning a white Dacquognd,
and [B) the distortion of the waveform produced by an amplifier.

The effects of high frequency distortion will show up asmodi-

fications of the picture detail. c%"ig. 14A is the waveform obtained
in scanning one line of apattern consisting of aseries of vertical
black bars of various widths on a gray background. Fig. 14B shows
the same waveform in the output of an amplifier that has the high
frequency phase and gain characteristic shown in Fig. 12B. The
amplifier has considerable attenuation at the higher frequencies.
The boundaries between gray and black in the reproduced picture
.are not sharp, asthe gray and black gradually merge. The very nar—
row black bar does not appear in the reproduced picture.

Fig. 14C shows the same wave after transmission through an
emplifier that has the high frequency gain and phase characteristics
similar to those illustrated in Fig. 12F. Each change between gray
and black is followed by a highly damped oscillation. The ‘oscil-
lation is not very moticeable when .the signal changes from gray to
black, as the peak swing of the oscillation is blacker than black.
However, the oscillation shows up as a line whiter than the gray
background when the signal changes from black to gray. The narrow-
est bar appears in the reproduced picture as a black bar followed
by a white bar of equal width.

In a similar manner, the other forms of distortion caused by
unsatisfactory gain and phase characteristics at high frequencies
can be recognized by careful observation of the picture.

When there is amplitude distortion present in an amplifier
chain, i1t shows up as a non-linear reproduction of the shades be-
tween black and white in the picture. In other words, amplitude
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distortion affects the contrast of the picture. Fig. 15A shows the
waveform generated in scanning one line of a pattern consisting of
vertical bars. The shades of the bars change in equal steps from
black to white. Fig. 15B is the same waveform after transmission
through an amplifier that has amplitude distortion. In the repro-

duced picture, the shades of the bars do not change in equal steps
white

(1)
Gray

S O B .

Fig.14 (A) waveform generated in scanning vertical black bars
a gray background, (B) distortion of the waveform caused by low
h-frequency gain, and (C) the distortion caused by excessive
h-frequency gain.

from black to white. The contrast for the whiter shades is much
less than that for the blacker shades. Amplitude distortion can
cause a reduction in contrast in the blacks as well as for the
whites. It is possible to have the contrast in the reproduced pic-
ture reduced in the extreme blacks and whites, while the interme-
diate shades are reproduced correctly. As stated previously, am-
plitude distortion is caused by curvature inthe operating range of
the tube characteristics in one or more stages. Fig. 15C is the
overall characteristic for the amplifier which produces the ampli-
tude distortion illustrated inFig. 15B. The change inoutput volt—
age is plotted against the input voltage.

The presence of the amplifier distortion can be detected very
readily be means of a test pattern as described in the lesson on
television cameras. The student should study the diagram of the
test pattern given in the lesson and determine for himself how the
various parts of the pattern can be used to detect the different
types of amplifier distortiom.
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Fig.15 Efrect of amplitude distortion.

4. HIGH FREQUENCY COMPENSATION OF AMPLIFIERS. The next few
paragraphs will be devoted to a study cf methods suitable for ob-
taining the correct phase and gain characteristics over the high
frequency range of video amplifiers. Asstated previously, the phase
characteristics are usually satisfactory over the higi frequency
range when the gain is uniform over the desired range. Therefore,
only the methods used in obtaining the proper gain characteristic
will be discussed.

In a previous lesson you studied one method of compensating
an amplifier toobtain a flat response over the high frequency range.
We shall review this method briefly. Fig. 16A shows the coupling
network between two tubes in a conventional resistance-coupled am-
plifier. Ci and C2 represent the input and output capacities of
the tubes, and the wiring capacity to ground. Cz includes the grid-
to-plate capacity of the second tube, which is multiplied by a fac-
tor determined by the voltage gain of the second tube. You recall
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from a previous lesson that the input capacity of a tube was given
by the expressionCgc + Cop(1 + A), where Cgc is the grid—to-cathode
capacity, Cqp the grid-to-plate capacity, and A is the voltage gain
of the second tube. Fig. 16B shows the equivalent circuit. The
load impedance that the first tube works into consists of a resis-
tance and capacity inparallel. Thus the load impedance, and there-
fore the gain, becomes less as the frequency is increased. To min-
imize the variation of the load impedance with frequency, the load

Fig.16 Circuit of an ordinary resistance~coupled amplifier at
high frequencies.

resistance is made small. To overcome the shunting effect of the
capacitive part of the load at higher frequencies, a small induc-
tance is added in series with the load resistance (see Fig. 17).
The highest frequency that can be passed by this type of compensated
stage without loss in gain is the frequency at which the capacitive
part of the load will have a reactance equal in magnitude to the
resistive part of the load. For correct compensation, the inductive
reactance of the compensating or peaking coil must be equal in mag-
nitude to one-half of the capacitive reactance at the top frequency
that can be passed without loss in gain.

Cc
T T2

R L
nw ¢ i R
M RERE g
]
&

LT

Fig.17 Shunt peaking circuit.

8+

Therefore, the total capacity in shunt with the load resistance
determines the top frequency that can be passed by an amplifier
stage without loss in gain. Ifwe wish to designanamplifier stage
so that it will have uniform gain up to the frequency fm, we select
a load resistance R, andapeaking inductance L, so that the follow-
ing relations hold:

= SR =_XL = #Xc
R=te=gmpe ™0 Logr = o7
and C is the total shunt capacity.

The factor which limits the gain obtainable from fhe stage of
video amplification is the total shunt capacity of the load circuit.
If C1 and C2 (see Fig. 16A) can be isolated, the capacitive part of
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the plate load will be reduced and a larger plate resistor can be
used. This will increase the gain obtainable from the stage. In
Fig. 18, C: and C2 are separated by the inductance L. The voltage
developed across R will be attenuated at the high video frequencies
by the shunt capacity Ci. The inductance L and the capacity C2 form
8 series resonant circuit across R. The voltage developed across
C2 is applied to the grid of the following tube. If the resonant
frequency of the series circuit LC2 is near the top frequency of the
video band, the resonant rise of voltage across Cz will compensate
for the attenuation of the higher frequencies produced by Ci. This
method of compensating an amplifier is known as "series peaking'.

Ty L T2

d
~

Fig.18 Series peaking circuit
when C2/C1 = 2.

.|H

B+

This circuit gives the most satisfactory results insofar as
gain and a flat frequency response are concerned, when Cz2 + C1 = 2.
When this condition exists, the required load resistance R is equal
to one-half of the reactance of Ci at the top video frequency to
be passed by the amplifier without lossingain. Also, the size of
L is determined by the condition that its reactance at the top video
frequency should be equal to one~half the reactance of Ci.

Putting these statements in the form of equations, we have:

C+C1 =2
- ,[ 1 P
R=1y [2nfmC1] e I[W‘f'm(h:l
_ 1 -
or, L-§[2“fm Cl]

where fm is the maximum frequency to be passed by the video ampli-
fier. :

The condition that C2 + C: must equal two, is not difficult
to realize in practice, as the input capacity of a tube is usually
higher than the output capacity. Also, the coupling condenser can
be placed on either side of the inductance L so that its capacity
to ground can be used to obtain the correct ratio between C1 and Cz,.
If necessary, additional capacity can be added to either side of L
to produce the required ratio. This however, is not advisable, as
an increase in capacity results in a reduction in gain.

The advantage of series peaking over shunt peaking can be best
shown by means of an example. Let us calculate the size of the
load resistor and peaking coil required for both the series and
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shunt peaking of a video amplifier stage for a maximum video fre-

quency (fm) of 3,000,000 cycles. For this calculation, we shall
take:

C2+Ci =2 Ci = 10 uuf. C2 = 20 puf.
and, Ci + C2 = 30 uuf.
In shunt peaking (See Fig. 17),

= 1
R 2“fmZC1 + Czj

- 1 =
and therefore, R= 73 % 10° x 30 x 10-7 1770 obms.

mb = 2 1 = 1
also, 9nfmL I[?,“fm((h " Cz)-J or L *|j(2“fm)2(C1 " Czﬂ

- 1 - _s :
and therefore, L= ﬁ[m] = 49 x 10-* henries

or, L = 43 microhenries.
In series peaking (See Fig. 18),
R = i[%%m 1:I
and thefefore, R= *[21! o 1x 5 10_12] = 2665 ohms.
also, onfml = *[Wlmm] or L=3z [21‘];; 1]
then, L= £[4n2 <9 101% 10 x 10_12] = 129 x 107° henries.

or, L = 129 microhenries.

Since the gain of a video amplifier stage is GmR, the voltage
gains obtained by series and shunt peaking will be proportional- to
the ratio of their load resistances. Therefore, the gain obtained
for series peaking will be 2665 + 1770, or 1.5 times the gain ob-
tained with shunt peaking. Thus, by the useof series peaking, the

Ty L T,

' Fig.19 Series peakin
circuit when C2/C1 = 4.

I
1}

gain per stage can be increased by fifty per cent over that ob-
tainable with shunt peaking. '

Series peaking can beused to advantage when the ratio C2/Cy
has some other value than two. When the ratio isgreater than two,

20



the gain is reduced, but the frequency response remains reasonably
flat to the highest desired video frequency. For ratio values be-
tween one and two, the frequency response peaks at the high end.
A rising characteristic is not usually desirable. However, it can
be used to compensate for thehigh frequency attenuation that occurs
for transmission over a coaxial cable, and other causes.

Occasionally it is necessary to couple atube with high output
capacity to one of low input capacitﬁ. For this condition, the
ratio of C2/Ci will be less than one. Maximum gain witha flat re-
sponse to the highest video frequency isobtained when this ratio is
one-half. The %oad resistor R is placed on the grid side of the
peaking inductance instead of the plate side (see Fig. 19). Its
magnitude, and the magnitude of L, will be identical to those re-
quired when the ratio of C2/C:i is two.

T2

Fig.20 Circuit employing
a combination of shunt and
series peaking. C(C2/Ci1 = 2,

Series peaking gives 50 per cent more gain than shunt peaking.
By using a combination of shunt and series peaking, additional gain
can be obtained from a video stage. The circuit is shown in Fig.
20. As in series peaking, the best results are obtained when the
ratio C2/Ci is two. The magnitudes of R, Li, and L2, are given by
the following formulas:

= 1.8
: 2nfm(C:1 + C2)

Ly = ,12(Cy + C2)R?  and L2 = .52(C; + C,)R?

where: fm is the highest frequency passed by the amplifier without
loss in gain.

Let us calculate the magnitudes of R, Li, and L2 in the cir-
cuit shown in Fig. 20, when fm = 8,000,000 cycles, C1 = 10 uuf.,
and C2 = 20 puf.

= 1.8 - 1.8 - qu
R 2nfm(Cy + C2) 27 x § x 10® x 30 x 1072 3200 ohns.

Ly = .12(Cs + C2)R* = .12(30 x 10-*?)(3200)2 = 36.8 x 10~* hearies.
= 36.8 microhenries.
Lz = ,52(Cs + C2)R? = .52(30 x 10-'2)(3200)2 = 159 x 1U-* henries.

= 159 microhenries.

For the same values of Ci, C;, and fm, the maximum load resistance
that could be used with shunt peaking was 1770. As the gain of a
compensated video stage is proportional to the load resistance,
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the gain of the combination circuit will be 3200 + 1770, or 1.8 times
the gain obtained with shunt peaking.

This circuit can also be used when the ratio of C2/C: is less
than two. It is often used incircuits where C1 = C2, and the load
resistor R and L1 are placed on the grid side of L2. The gain is
less than that obtained when C2/C1i = 2. Also, different desigm
formulas must be used.

The phase characteristic of these three methods of compensating
video stages are quite satisfactory. Of the three, series peaking
has the smallest variation in time delay over the frequency band
passed with uniform gain. When an amplifier consists of several
stages, the total time delay is equal to the sumof the time delays
of the individual stages. Sometimes, in order to keep the total
variation in time delay of the entire amplifier within limits, it
is necessary to modify slightly the values of load resistances and
compensating inductances from those given by the formulas. A com-
plete discussion of the methods required in calculating the total
time delay inamplifier circuits is beyond the scope of this lesson.

[l
THC=C 1T
1]

i i
Htm e —mm el

Fig.21 A circuit which gives higher gain without requiring the
separation of the total shunt capacity into two capacities with a
ratio of 2 to 1.

Fig. 21 shows another method that can be used to obtain high
frequency compensation of video amplifiers. This particular cir-
cuit will give approximately the same gain as the circuit using a
combination of shunt and series peaking. However, it resembles the
shunt peaking method in that Ci and C2 are not separated. This cir-
cuit differs from the others in that the gain is reduced very rapid-
ly as the frequency is increased beyond the highest frequency in the
video band. Inother words, the amplifier stage hasasharp cutoff.
This sharp cutoff characteristic can be used advantageously, as we
shall see later in the discussion on head amplifiers.

The design formulas for this particular method of high frequen-
cy compensation are given below: .

=_1.
R 2 f
L1 = .8CR? Lz = .534CR?

Cs = .3C
where C is the total shunt capacity (Ci: + C2), and fm is the high-
est frequency to be passed by the amplifier without loss in gain.
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Let us calculate the magnitudes of R, Li, L2, and Cs, for a
total shunt capacity of 30 mmfds., and a top video frequency of
3,000,000 cycles.

R = 1.8 = 1.8
onf 2 x 3.14 x 3 x 10° x 30 x 10 ~**
L = .8CR? = .8 x 30 x 1072 x (3200)% = 246 x 107° henries
= 946 microhenries
L = .534CR® = .534 x 80 x 1072 x (3200)° = 164 x 107° henries
= 164 microhenries
C =.3C=.3(30 x 107*%) =9 x 107*? farads

= 0 microfarads

= 3300 ohms

The value of the load resistance is the same as that for the
circuit usinga combination of shunt and series peaking. Therefore,
the gain for this type of high frequency compensation iz 1.8 times
that obtained for simple shunt peaking.

5. LOW FREQUENCY COMPENSATION. There are two factors which
can cause a loss in gain and incorrect phase relation at the very
low frequencies (below 200 cycles). These are: (a) the low fre-
quency attenuation produced by the grid leak and grid condenser com-
bination, and (b) the low frequency degeneration produced by inad-
equate by-passing of the cathode resistor.

The low frequency phase and frequency distortion caused by the
grid leak and grid condenser combination can beminimized by making
the time constant of the combination sufficiently large. {n order
to pass a square wave without excessive distortion, this time con-
stant must be at least ten times the period of the square wave fre-
quency. Since a video amplifier should be able to pass a 60-cycle
square wave without distortion, the minimum required time comstant
is 10 times 1/60 second, or 1/6 second.

Often it is not practical to make the grid condenser and grid
leak combination as large or larger than 1/6 second. When fixed
bias is used, the maximum size of the grid leak is limited by grid
emission and by gas in the tube. The emission of electrons from
the grid is usually caused by a very small amount of the cathode
emitter deposited onthe grid during manufacturing and aging. Since
the grid is close to the cathode, its temperature may be raised to
the point where electron emission starts. The resultant grid cur-
rent through the grid leak produces a positive bias on the grid.
Often a tube contains sufficient gas so that some ionization takes
place. The negative grid collects the positive ions and the re-
sultant grid current through the grid leak produces apositive bias
on the tube. Therefore, the size of the grid leak must be suffici-
ently small so that the positive bias resulting from grid emission
or gas current will not upset the operating conditions of the tube.

When cathode bias is used, the effects of grid emission and
gas current are reduced. The positive bias due to grid emission
and gas current is partially neutralized by the increased cathode
bias resulting from the higher plate current. Therefore, a larger
grid leak can be used when cathode bias is employed.

23




The maximum size of the coupling condenser that can be used,
is limited by its capacity to ground. Since the maximum gain of
the video stage over the band of frequencies present in a televi-
sion signal varies inversely with the shunt capacity, it is imper-
ative to keep this capacity as low as possible.

Therefore, when fixed bias is used, the time constant of the
grid circuit is limited by the maximum size of the grid leak and
%rid condenser than can be used. However, we learned in aprevious

esson that the gain and phase distortion due toan inadequate grid

circuit time constant could be corrected by means of a filter (RrCr)
inserted in the plate circuit asin Fig. 22A. We also learned that,
if the time constant CgRg was equal to the time constant RCr, the
phase and gain characteristic was satisfactory over the range of
low frequencies for which the resistance R was ten times the re-
actance of Cr.

Cg

4

Rg

Fig.22 <Circuits for low frequency compensation.

When self bias is employed, it is practical to usea grid con~
denser and grid leak combination that has the required time constant
to maintain the desired low frequency phase and gain characteristics.
However, if the cathode resistoris inadequately by-passed, low fre-
quency degeneration produces an unsatisfactory gain and phase char—
acteristic. When cathode resistors of two or three thousand ohms
can be used, it is economical to use a cathode by-pass condenser
large enough to minimize low frequency degeneration. When high
transconductance, high plate current tubes are used, the cathode
bias resistor is between one and two hundred ohms, and a cathode
by-pass condenser of two hundred or more microfarads is needed to
prevent low frequency degeneration. This will be true, as it is
customary to keep the capacitive reactance of the cathode by-pass
condenser at the lowest required frequency below ten per cent of
the magnitude of the bias resistor. It is usually uneconomical as
far as space and cost are concerned, to use by-pass condensers of
this size.

Unsatisfactory low frequency gain and phase characteristics
caused by cathode degeneration can also be corrected by use of a
filter in the plate circuit (See Fig. 22B). Complete compensation
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down to zero frequency will exist when the following relations are
true:

CkRx = CrRF
RF =
R GmR
_C_l(. =
and ol GmR

You will note that ic this case it is the time constant CFRf
in the plate circuit that is made equal to the time constant of the
circuit (R«Ck) that is causing the umsatisfactory low frequency
phase and gain characteristic. If we compare the time constant
relations for Fig. 22A and Fig. 22B, we see that in Fig. 224, cor-
rect compensation is attained when the time constani of the series
circuit CFR is made equal to the time constant of the series cir-
cuit CqRg; while in Fig. 22B, correct compensationisattained when
the time constant of the parallel circuit CFRF is made equal to the
time constant of the parallel circuit CxRx.

For complete compensation of the effects of cathode degenera-
tion, the ratio of the resistance Rf to the cathode resistance Rk
is made equal to GmR, which isthe gain of the stageat intermediate
frequencies. Also, the ratio of Cx to Cr is made equal to the gain
of the stage. Therefore, the ratio of the impedance of the paral-
lel circuit CFRF to the impedance of the parallel circuit CxRx will
also be equal to the gain of the stage. At intermediate and high
frequencies these two impedances are equal to zero. For low fre-
quencies, the impedance of the circuit RxCk is not equal to zero,
and the out-of-phase voltage applied to the grid is equal to the
product of the AC plate current and the impedance of CkRx. There-
fore, to develop the same output voltage as in the intermediate
frequency range, it is necessary to increase the load impedance of
the extent that the voltage developed across the additional load
impedance (CFRF) must be equal to GmR times the out-of-phase volt-
age developed across the impedance CxRx. Since the same AC current
is flowing through the parallel circuits C«Rx and CFRF, ihe imped-
ance of CFRF must be GmR times as great as the impedance CkR.

A loss in gain at low frequencies can also result from inade-
quate screen by-passing when the screen voltage is supplied through
a series dropping resistor. However, since this resistoris usua.l%y
greater than 50,000 ohms, a by-pass condenser of one ormore micro-
farads is sufficient to prevent the screen voltage from varying with
low frequency changes in the screen cérrent.

When electrolytic condensers are used for by-passing in video
amplifiers, it is necessary to connect a small paper condenser in
parallel with the electrolytic. Electrolytic condensers are mnot
effective as by-passing agents for the intermediate and high video
frequencies. At high frequencies, the reactance due to the induc-
tance of the leads and foil, predominates.

The most common methods of compensating video amplifiers in
both the extreme high and low frequency ranges have been discussed
in the past few paragraphs. In the next few paragraphs, will be a
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discussion of some of the problems involved in connecting together
the units of a television system, .

6. TRANSMISSION LINES. All the various parts of atelevision
system, such as the camera and control room, or control room and
transmitter, must be coupled together with lines that will pass the
wide bands of frequencies involved, without excessive frequency and
phase distortion. It would be a wasteof time to use wide band am—
plifiers with little or no frequency and phase distortion over the
video band if the lines connecting the various amplifier units had
unsatisfactory frequency and phase characteristics.

The type of line used almost exclusively in television systems,
is the coaxial line. The coaxial line, as the student knows, con-
sists of one conductor enclosed within another cylindrical conduc-
tor. The coaxial line is a self-shielded line.

The characteristic impedance of a coaxial line is determined
by the ratio of the inside diameter of the outer conductor to the
outside diameter of the inner conductor. Minimum losses occur when
this ratio is 3.6 foragiven size inner conductor. The character-
istic impedance of a line having this ratio is approximately 77 ohms.
Therefore, 75 to 80 ohm lines are quite common in television sys-
tems.

The characteristic impedance (Zo) of a coaxial line is found by
either of the following equations:

(1) %o = 138 loglo%

where b is the inner diameter of the outer conductor, and a is the
outer diameter of the inner conductor; or:

(2) Zo= /L + C

where L and C are the inductance and capacity per unit lemgth in
henries and farads respectively.

The time (T) required for a signal to travel over a coaxial
line of length (1) is given hy the equations:

T=% x1xC

= 1 xL
and, T Zo
where L and C are the inductance and capacity per unit length.
The phase shift (8) in degrees between the output and input
voltage for a coaxial cable of length (1) for a frequemcy (f) is:
4=1Tx f x 360

where T is the time of transmission over the cable of length (1).
The attenuation is approximately proportional to the square
root of the frequency. The increase in attenuation is due to the
increase in the resistance and dielectric losses with frequency.
A transmission line must be terminated by its characteristic
impedance in order to prevent reflections from the termination.
If the line is properly terminated, all the energy reachin% the
receiving end is absorbed by the terminating impedance or load.
If it is not correctly terminated, part of the emergy is reflected
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back through the line to the sending end or imput end. Since it
is impractical from the viewpoint of efficiency to make the output
impedance of the circuit feeding the line equal to the character-
istic impedance of the line, the energy reflected from the receiving
end will again be partly reflected and sent back through the line.
At the receiving end the signal will again be partly reflected.
This will continue until the signal has been completely attenuated
by absorption at the sending and receiving ends and by the losses
in the line.

If a single pulse is fed into a line that is imcorrectly ter-
minated, several pulses with decreasing amplitudes will be received
at the other end in succession. The time between two successive
pulses will be equal to the time it takes for a pulse to make a
round trip through the line. The pulses following the initial
pulse are known as echoes. If a television signal is sent through
a line that is incorrectly terminated, the reflections from the
ends result in multiple images at the receiving end. Fach image
is attenuated with respect to the preceding image, and is displaced
to the right of the preceding image. If the incorrect line ter-
mination has a reactive component, there will be a phase shift at
the point of reflection and some of the reflected images may ar-
rive at the receiving point completely reversed im phase. Such
images would have their black and white sections reversed.

C 0
. i

= (4)
B+ =

(8)

Fig.23 Two metnhods of feseding acoaxial line from the plate cir-
cuit of a vacuum tube.

Coaxial lines can be fed from either the plate or cathode
circuits of vacuum tubes. Fig. 23 shows two ways of feeding a co-
axial line from the plate circuit. In Fig. 234, the center wire of
the cable is isolated from the DC plate voltage by the blocking con-
denser C. The resistor R: supplies the plate voltage for the tube,
and is very larse in comparison to the load presented to the tube
by the correctly terminated line. The line presents a very low

3
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impedance to the tube so that the input to the line will be uni-
form over the video band. The condenser C must be large so that
the product of C and the resistance of the line and its termina-
tion will be ten or more times the period of the lowest frequency.
If this time constant is less than this, low frequency compensation
must be used in the plate circuit of the first tube following the
termination of the line. The blocking condenser C and its accom-
panying low frequency phase and gain distortion can be eliminated
by the method used in Fig. 23B. This is impractical if the coaxial
line is very long. If the power supply for the amplifier feeding
the line is not %ocated near the amplifier, the inductance in the
long plate supply lead may upset the termination of the line.

Fig.zu Feeding a coaxial line from the cathode circuit of a vac-
vum tube.

Fig. 24 shows a method for feeding a line from the cathode
circuit. The terminating resistor R carries the DC plate current
of the tube. Since the circuit feeding the line is degenerative,
the gain of the driving stage will be less than one.

In both circuits, the load presented to the tube feeding the
line isvery low. In order toobtain sufficient output, it isneces~
sary to use several tubes in parallel. When cathode coupling is
employed, the phase of the signal going into the line is the same
as that applied to the grid of the driving tube.

Earlier in this section we learned that:

%o =/T:C T=%

o
and, ‘9‘=Txfx360

where #o is the characteristic impedance of the line, L and C are
the inductance and capacity perunit length, T is the time of trans-
mission for the length I, and € is the phase shift between the input
and output for a line of length i1. If we substitute (L x 1) + 3o
for T in the expression for phase shift, we have:

0:%,( £ x 360
o]

Now if %o doesnot change with frequency, thephase shift of the line
is directly proportional to the frequency. This is the condition
for no phase distortion. For frequencies above 10 ke. or so, the

equation Zo =vI#C isaclose approximation, and %o will be constant,
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for frequencies above 10 kec. However, at very low frequencies, %o
is determined by the resistance and leakage of the line. This means
that at low frequencies, the line will be mis-terminated, and will
have phase distortion if the line is terminated by an impedance
equal toy1#C. You recall that it is important to terminate aline
correctly when its electrical length isgreater orof the same order
of magnitude as the wavelength of the frequencies applied to the
line. Sinceone wavelength at 60 cycles is equal to 5,000,000 meters,
mis-terminations of the relatively short lines used in connecting
units in television systems will result innegligible phase distor-
tion and reflections.

The frequency distortion caused by coaxial lines can usually
be gorrected by using one or two video stages after the line, which
have a greater gain at the high frequency end of the video band.

6. THE CONTROL ROOM AMPLIFIER CHAIN. In the firstpart of this
lesson we discussed some of the methods of designing and testing video
amplifiers. In the remaining part of the lesson, we shall follow
the picture signal from the signal plate of the Iconoscope to the
line feeding the video signal to the transmitter.

The control room amplifier chain that will now be described is
not the only system that can beused. However, the operations per-
formed on the picture signal are fundamental, and will be the same
in all television stations. The circuits may vary, and some of the
operations may be combined, but the video signal goirg to the trans-
mitter will, in all systems, conform to the established standards.

We shall first consider the control room amplifier chain as a
whole, then we shall study each component unit. Pig. 25 shows a
block diagramof the amplifier chain between the Iconoscope and the
line to the transmitter. The waveform of the video output of each
unit is shown. It is the waveform generated in scenning the last
six lines of the pattern consisting of horizontal white bars on a
gray background. Each baristwo lines wide, and the scanning aper-
ture is moving so that the bars are being completely resolved. Per-
fect vertical resolution has been assumed merely for convenience.
Part of the waveform corresponding to the vertical return is also
shown. In all these waveforms, white was made positive for simpli-
city. Actually, the output may be positive or negative, depending
on the number of video stages between that point and the Iconoscope.

The first unit in the chain is the head amplifier or pre-ampli-
fier. This may be a three or four stage, AC-coupled video ampli-
fier incorporated in the camera. Its purpose is to build up the
video signal so that it can be transmitted over the cable connect-
ing the camera to the conirol room. The waveform coming out of the
head amplifier isthe same as that coming from the Iconoscope except
that its amplitude is greater. It contains not only the picture
signal, but also the spurious signals generated in the Lconoscope.
The major part of these spurious signals comsist of 13,230-cycle
and 60-cycle sawtooth and semi-sine wave components. There isalso
present in the output of the Iconoscope and head amplifier, the high
amplitude transients generated during the vertical and horizontal
return lines of the scanning beam.
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Fig.25 Block diagram of avideo control room amplifier chain and

the output waveforms for each unit.

The next unit in the chain is the shading amplifier. It is
also AC-coupled. Here, sawtooth, semi - sine, and other types of
waves (if necessary) are introduced with the proper amplitude and
puase toneutralize the spurious signals generated in the Iconoscope.
The output of the shading amplifier consists of the picture signal
and the return time transients. This waveform is beginning to re-
semble the waveform we expect from sca.nnihg the pattern.
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The return time transients are suppressed in the next unit.
Sometimes this operation is combined with the insertion of the blank-
ing impulses which occur in the succeeding unit in Fig. 25. The
transients are suppressed through the introduction of the blanking
impulses twice, but the two blanking impulse inputs are out of phase.
This will be described fully later in the lesson. The output of
this unit is completely free of the transients. Also, the signal
has zero level during the vertical and horizontal return time of the
scanning beam in the Iconoscope.

In the following unit, the vertical and horizontal blanking im-
pulses are inserted into the signal. The blanking impulses biasthe
grid of the picture cathode ray tube to cutoff during the vertical
and horizontal return times. The average amplitude of the blanking
determines the average light level in the reproduced picture. The
amplitude of the bla.nkin% is set either manually or automatically,
according to the average light level of the picture being televised.
In Fig. 25, the output of aphotocell placed near the camera deter-
mines, automatically, the amplitude of the blanking inserted into
the signal. The output of the photocell is a DC vo%tage which va-
ries slowly with changes in the average amount of light reflected
from the televised scene. Foracompletely black scene, the output
of the photocell will be zero, and therefore, the amplitude of the
blanking will also be zero. When the output of the photocell, the
AC picture signal from the preceding umit, and the blanking, are
mixed together, the photocell output serves as the zero axis for the
picture signal; and, since the blanking impulse amplitude ispropor-
tional to the photocell output, the negative peaksofall the blank-
ing impulses will occur atidentically the same voltage level. This
level represents absolute black in the picture. Therefore, the volt-
age difference between any part of the picture signal and the blank-
ing level will be a measure of the absolute brightness of the cor-
responding part of the televised scene. All this will be evident
from a careful examination of the output waveform for this unit.
Examining this waveform and, knowing that the televised scene con-
sists of gray and white of equal widths, we can see that the aver-
age light intemsity isequal to approximately two-thirdscf the max-
imum light intensity for white.

Since the video signal now contains a DC component, the suc-
ceeding stages in the amplifier chain must be either DC-coupled or
have D% restoration in their grid circuits. (The methods of rein-
serting the DC component in AC-coupled amplifiers was described in
a preceding lesson).

The horizontal and vertical synchronizing impulses (and the
equalizing impulses) are inserted into the signal in the final unit
of the chain. The output of this unit isacomplete television sig-
nal. It contains all the components necessary tooperate the video
section of a television receiver. It isready for the transmission
to the modulatorsinthe television transmitter. The quality of the
signal is checked on monitoring cathode ray tube receivers in the
control room, and its actual waveform is checked on cathode ray os-
cilloscopes.
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The method of generating the vertical and horizontal blanking
and synchronizing impulses will be described in the next lesson.
The circuits involved are quite complex, and an entire lesson will
be devoted to their study.

We shall now go into amore detailed study of the various units
of the control room amplifier chain.

7. HEAD AMPLIFIER. The average signal developed by an Icon-~
oscope across a ten thousand ohm load is approximately one milli-
volt, It is quite a problem to amplify such a small signal with a
satisfactory signal-to-noise ratio. Therefore, the design of the
head amplifier is directed toward obtaining the greatest signal-to-
noise ratio. The two principal sources of noise in a vacuum tube
amplifier are the noise generated by thermal agitation across the
grid leak resistances of the first and second tubes, and the noise
generated in the first tube by the shot effect. The amplitude of
the noise generated is proportional to the square root of the renge
of frequencies passed by the amplifier.

There isn't much that can be done to reduce the thermal agita-
tion noise generated across the grid leak of the first tube except
to reduce the temperature of the resistor to near absolute zero
(approximately —460° Fahrenheit, the temperature at which all elec-
tron drift and molecular motion ceases). This is impractical to
do. The input resistor should be free of noise due to its mechan-
ical construction. Ordinary carbon resistors are unsatisfactory
for use as the input resistor because they are made of discrete
particles of carbon. Variations in the contact pressure between
the particles result in a slight change in the magnitude of the
resistance. This causes a noise voltage to be developed across the
resistor. The best type of resistor to be used in this position
is one where the resistance element is a continuous metallic film,
or its equivalent.

The designer can minimize the noise caused by the shot effect
in the first tube by the proper selection of tubes and operating
conditions. The megnitude of the noise due to shot effect depends
on the type of tube. Also, tubes of the same type will vary as to
the amount of noise that they generate. To secure a large signal-
to-noise ratio for the voltage developed across the tube load resis-
tance, it is essential that the tube have a high transconductence.
Triodes generate less shot noise than pentodes. In a pentode, the
shot effect will produce slight variations in the screen current.
Thus, there are two sources of shot noise in a pentode. Operating
a pentode or tetrode as atriode results ina considerable reduction
in shot noise. As mentioned in a previous lesson, the shot effect
can be reduced by having an adequate space charge present in the
tube. Using a relative%y low anode or screen voltage helps, as it
increases the space charge density. The 18§51 and 1§52, when oper-
ated as triodes, have the highest signal-to-noisz ratio of any com-
mercially available type tubes. Even when operated as pentodes,
they are superior to most types.

The signal-to-noise ratio can be improved by feeding as large
a signal as possible into the amplifier. Since an Iconoscope has
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a high internal impedance, it should work into a relatively large
load resistance in order to obtain a reasonable output. The lcono-
scope givesmost satisfactory results, as farasoutput isconcerned,
with load resistances of 30,000 to 3u0,U00 ohms. However, with con-
ventional coupling circuits, it is impractical to use a large load
resistance for the Iconoscope, as the input capacity of the first
tube in the video amplifier isin parallel with the load resistance,
and the effective load impedance becomes very small at thehigh video
frequencies.

Fig.26 Circuit for coupling lconoscape to head amplifier.

Fig. 26 shows a conventional coupling circuit between the sig-
nal plate of an Iconoscope and the grid of the first video amplifier.
In order to minimize the shunting effect of the input and wiring
capacity (C) at high frequencies, themagnitude of R is usually less
than 30,000 ohms. Ten thousand ohms is a quite common velue.

The amplitude of the noise generated by thermal agitation and
shot effect is proportional to the square root of the band width
passed by the amplifier. Therefore, the signal-to-noise ratio can
be improved if the gain of the head amplifier fallsoff very rapidly
for frequencies above the highest frequency generated in scanning
the televised picture.

1851

¥
To control room
& shading amp.

+300V

Fig.27 Circuit of a camera amplifier.

A typical head amplifier circuit is shown in Fig. 27. The load
resistance for the Iconoscope has a magnitude of 10,000 to 30,V00
ohms® The first tube in the amplifier is an 1851 (high transcon-
ductence pentode) operated asatriode to reduce noise generated by
the shot effect. In order to obtain a high signal-to-noise ratio
from the first tube, the high frequency compensation circuit is of
the type shown in Fig. 22. This circuit has a high uniform gain
over the required frequency range, and a sharp cutoff beyond the
maximum frequency.
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The second stageusesan 1851, operated asapentode. The high
frequency compensation netowrk is a series-peaked circuit, inwhich
the ratio of C2/C1 has been adjusted to be less than two. For this
condition, the gainis greater at thehigh frequency end ofthe video
band. A rising high frequency characteristic is desirable in this
stage to compensate for the attenuation of the high frequency com-
ponents caused by the shunt capacity across the Iconoscope load re-
sistance. This stage will have less gain than the preceding stage,
because of this rising characteristic.

The third tube isalso an i851 operated as = pentode. It feeds
a low impedance coaxial cable connecting the camera to the control
room and the shading amplifier. The load resistor for the final
tube is placed at the end of the line. This is possible, as the
power supply for the head amplifier is usually located in the con-
trol room.

In thisparticular circuit, self-bias was used, and the filters
in the plate circuits were designed to compensate for low frequency
degeneration resulting from inadequate cathode by-passing. If fixed
bias had been used, the plate filters would have been designed to
compensate for the low frequency phase and gain characteristic due
to the grid condenser-grid leak combination.

The heatersof the tubes in the head amplifierare usually oper-
ated on DC. This is advisable in order to keep the hum level low
in the amplifier chain. However, at Midland Television, the hum
level has been satisfactory with AC operation of the heaters.

8. GSHADING CORRECTION. The next step in the process of build-
ing up a complete television signal is the removal of the spurious
signals generated in the Iconoscope. This is accomplished in the
shading amplifier which is usually located in the control room.

/\/\ BTRE
Fig.28 Waveforms used to
remove the spurious signal
Semi-sine generated in lconoscope.

The shading unit provides means of introducing six voltage wave-
forms into the picture signal with the correct amplitude and phase
to neutralize the spurious signalsorincorrect shading. The wave-
forms required to produce normal vertical and horizontal shading are
60 and 13,230-cycle sawtooths, semi-sine, and sine waves. %'hese
forms are shown in Fig. 28. Normally,satisfactory shading correction
can be obtained by the use of just the sawtooth and semi-sine forms.
This is true for the output of the head amplifier in Fig. 25. How-
ever, under some conditions, a sine wave of variable phase is an
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aid in obtaining good shading. The 60-cycle sine wave can be used
to neutralize hum in the system.

Fig. 29 is a complete diagram of a typicel shading eorrection
circuit. T; and T2 are two more stages in the video chain. The
input to T: is the output of the head amplifier previously described.
The terminating resistance for the coaxial line to the camera is a
potentiometer which isused as themaster picture gain control. The
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Fig.29 Circuit of a shading amplifier.

line usually has a characteristic impedance of two or three hundred
ohms. Simple shunt peaking is used in the plate circuits of T: and
T,. If more gain were required, it would be advisable touse other
methods of peaking. If the coaxial line to the camera is long, the
petwork in the plate circuit of Ty must have a rising high frequency
characteristic to compensate for the high frequency attenuation in
the coaxial line.

Before going farther into the discussion of shading correction
it may be advisable to say a little more concerning the method used
in Fig. 29 to control the gain. A potentiometer canbeused in the
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grid circuit to control the gain, provided the resistance of the
potentiometer is small in comparison to the reactance of the input
capacity of the tube at the highest video frequency. Ifahigh re-
sistance potentiometer is used, the tube input capacity, which is
in parallel with the part of the potentiometer between the arm and
ground, will by-pass the higher frequencies to ground and produce
high frequency phase distortion. Other methods used to control the
gain in a video chain are to vary the screen voltage on a pentode
or to use a variable self bias resistor on aremote cutoff pentode.
The bias resistor is not by-passed.

Returning to Fig. 29, we see that the line-terminating resis-
tance also servesasthe load resistance for the vertical and hori-
zontal shading tubes T3 and Tu. The resistance Rs reduces the ef-
fect of loading on the line termination by the output capacities
of the shading tubes. The input for the shading tubes is obtained
from three sources, each supplying one of the required shading cor-
rection waveforms. The tubes Ts to Tio supplying the various wave-
forms are both cathode and plate loaded. Thus, two outputs having
a 180° phase difference can be obtained from each tube. The ampli-
tude and phase is controlled by the center-tapped potenticmeters Rz.
The series grid resistances Ri prevent changes in one input from
affecting the others. The load resistances for the horizontal tubes
Ts, Ts, and Tio must be selected so that the tubes will have a flat
gain and uniform delay over the band of frequencies included in the
horizontal shading voltages. Also, Ri and R2 must be small in com-
parison to the input reactance of Tu at the top frequency in this
same band of frequencies.

The sawtooth waveforms which feed Ts and Ts are usually ob-
tained from discharge tubes driven by the Iconoscope vertical and
horizontal blocking tube oscillators. The semi-sine wave inputs
for T7 and Ts can be obtained by passing the vertical and horizontal
blanking impulses through a low-pass filter which will filter out
the higher frequency components in the blanking impulses. These
filters are shown inthe grid circuits of T7 and %9. The sine wave
inputs for Ts and Tio can be obtained from the 60-cycle and 13,230-
cycle sources in the synchronizing generator. The network, T, C,
and Ru provides a means of changing the phase of the sine waves over
a wide range. Their operation was discussed in a previous lesson
under phase control of gaseous triodes.

As stated previously, most of the shading troubles encountered
can be corrected by the use of sawtooth and semi-sine waveforms.
Also, in general, the phase of the two will be the phase required
to correct the shading in the output of the head amplifier shown in
Fig. 25. That is, the picture increases in brightness toward the
left and bottom sides.

9. RETURN TIME TRANSIENT SUPPRESSION AMPLIFIER. In this les~
son, the suppression of the transients generated during the horizon-
tal and vertical return times in tlhe Iconoscope are to be treated
separately from the insertion of the blanking impulses. Often, both
operations are carried on simultaneously.

The picture signal has a positive polarity at the output of the
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shading amplifier, that is, white corresponds to apositive voltage
change. This is true, as the signal coming from the Iconoscope is
negative, and there is an odd number of video stages between the
signal plate of the Iconoscope and the output of the shading empli-
fier.

Fig. 30 is a diagram of acircuit suitable for suppressing the
transients generated in the Iconoscope during the vertical and hori-
zontal return times. Tubes Ti1, Ts, and T¢ form a part of the con-
trol room video chain. The cathodes of T1, T2, and T3 are connected
together and have a common cathode resistor Ri. The plates of T2
and Ts are connected together and have a common plate load. The
potentiometer R2 controls the emount of bias applied to T3 and thus
it controls the cathode bias applied to Ti, T2, and T3, R3 is a
small variable resistor used to vary the gain of Ti slightly.

Shading 6% 8lanking &
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Insertion

¥ixed ar
larking

Fig.30 Circuit for suppressing transients generated during hori-
zontal and vertical return times.

The output of the shading amplifier, which has the waveform
shown in Fig. 81A, is applied to the grid of Ti. This censists of
the last six lines and a part of the vertical return for the pattern
shown at the top of Fig. 25. Mixed blanking impulses from the syn-
chronizing generator are applied to the grid of Tas The waveform
of this signal, which contains both the horizontal and vertical
blanking impulses, is shown in Fig. 31B. Afteramplification by Tu,
the blanking signal will appear on the grid of T3, with aphase dif-
ference of exactly 180° to that shown in Fig. 31B. It will also be
developed across the cathode resistance Ri with the same phase.
Since this resistence is common to Ti, T2, and T3, the blanking sig-
nal will also be applied to the grids of T: and T2 with the phase
shown in Fig. 31B. Thus, the voltage fed into the grid of T: con-
sistsof both the picture signal shown in Fig. 314 end the blanking
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signal shown in Fig. 31B. The combined signal will have the form
shown in Fig. 31C. The fixed bias on T; is adjusted so that cutoff
will appear at the level indicated inFig. 31C. Therefore, the wave-
form appearing in the plate circuit of Ti will contain only the part
of waveform C that is above the cutoff bias for Ti. Of course, the

(8)

Cutoff Bias

N

o}

Fig.31 Process of transient suppression.

phase will be reversed. This waveform, which contains the picture
signal and the blanking signal will be free of the horizontal and
vertical return time transients, as they aremore negative than the
cutoff bias for Ti,

L)
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The si%nal in the plate circuit of T: contains the blanking
impulses. In a complete video signal, the average height of the
blanking impulses is a measure of the average light level of the
televised scene. However, in this case, they were introduced with-
out reference to the average light level of the picture. Therefore,
they must be removed again so that they can be re-introduced with
the correct level. This is done in the plate circuit of Ts. Tube
T5 reverses the phase of the output of T:. The blanking was applied
to the grids of both T1 and T2, and cutoff occurs at the same level
insofar as the blanking is concerned. Therefore, the blanking sig-
nals developed across the common plate load by Ts and T2 will have
a phase difference of 180°. Through the correct adjustment of Rs,
the amplitude of these two blanking signals can be made equal, and
therefore they will cancel. The resultant waveform to the grid of
T¢ will have the form shown in Fig. 31D. Note carefully that the
signal level iszero during the vertical and horizontal return times.

10. BLANKING AND DC INSERTION. The next step in preparing a
complete video signal is to insert the blanking with anaverage le-
vel that is proportional to the average light level of the televised
scene.

Transient 6L6
Suppression<—|

unit
T1

T2

Mixed L _ Synchrorizing

8lanking [ \ Insertion
unit

3 SR

T4

Fig.32 Circuit for inserting blanking and DC component.

Fig. 3% is a diagram of a typical circuit suitable for insert-
ing the blanking with the correct level. Tubes Ti through Tu are
beam power pentodes. However, T, and T3 are operated as triodes;
that is, their plates and screeus are connected together. All the

39




tubes are in parallel insofar as their plate and cathode circuits
are concerned. The plus side of the plate supply for these four
tubes is tied to ground. Therefore, the cathodes must be operated
below ground, or negative with respect to ground. This is done so
that this unit and the following unit can be direct-coupled conven-
iently. Tube Ts is direct-coupled to the grid of Tu. The bias on
Ts, and therefore, the bias on Ty can be controlled by the potenti-
ometer Ry across the bias battery. This potentiometer is known as
the manual background control.

Horizontal Blanking vertical Blanking
+ - () . —T ™ ‘—'_
- Cutoff Bias

e I N I O T T .

Bias on Tube

Fig.33 Wwaveform on grids of T2 and T3 in Fig. 32.

The output from the transient suppression unit (Fig. 31D, with
the phase reversed) is applied to the grid of T;. Mixed horizontal
and vertical blanking, with the phase shown in Fig. 33, is applied
to the grids of T, and T3 in parallel. Two tubes are required to
develop sufficient blanking output. Whenautomatic background con-
trol is used, the amplified output of the photocell is applied to
the grid of Ts. Of course, the photocell amplifier must be DC-coup-
led. The output of the amplifier must change the zrid of Ts posi-
tive for white. The necessity for DC—coup%ing is one reason why
the use of automatic background control is not common.

Normal bias is used on Ti. T2 and T3 are biased to consider—
ably beyond cutoff so that only the peaks of the blanking impulses
will swing the grids sufficiently positive for plate current to flow.
Since T2 and T3 are triodes, the flow of plate current will also be
controlled by the plate voltage. In other words, the cutoff bias
is affected by the plate voltage. This means that the amplitude of
the blanking developed across the plate load R will depend on the
plate voltage. The actual plate voltage being applied to T2 and T3
is below ground by the drop across the resistance R. Therefore, the
plate voltage will decrease with an increase in current through R.
Lf we examine the waveform of the blanking applied to the grids of
T2 and T3 (Fig. 33) and the waveform of the picture swing developed
across R (Fig. 344) we see that T2 and T3 draw plate current only
during the vertical and horizontal return times when the amplitude
of the'picture signal is zero. Therefore, the plate voltage of T:
and T3 is independent of the picture signal during the interval when
they can conduct. However, their plate voltage will be affected
during the conduction period by the current taken by Tu., Therefore,
the amplitude of the blanking developed across the plate load R is
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controlled by the plate current of Tu. When the bias on Ts5 is made
very negative, the high plate current of Ts will lower the plate
voltage on T2 and T3 to the extent that only a small part of the
peaks of the blanking will be developed across R. When the bias on
Ts is shifted in the positive direction, the plate current of Tu is
reduced, and the amplitude of the blanking developed across R is
greater because of the higher plate voltage on T2 and Ts.
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Fig.34 IMlustrating insertion of blanking and DC component.

Changing the bias on Ts raises or lowers the plate voltage on
T1, and thus raises or lowers the absolute value of the zero axis
of the AC picture signal developed across R. Raising and lowering
the axis of the picture signal is the same as inserting a DC com-
ponent into the picture signal. If the axis is raised and lowered
in accordance to the average light level of the televised picture,
this DC component will be proportional to the average light level
in the scene. Also, the amplitude of the tlanking develop2d across
R will be proportional to the average light level. Since T2 and T3
are at cutoff except during the vertical and horizontal return times,
the positive peaks of the blanking developed across R will coincide
with the zero axis for the AC picture signal. In other words, the
blanking impulses extend from the zero axis downward (See Fig. 348) .

Although the signal developed across R contains information
concerning the average light level of the picture, no absolute volt-
age levels corresponding to black or white have been established.
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Since black is the absence of light, it isadefinite energy level.
The total brightness of a scene is not absolute, and it is always
possible to increase the intensity of the illumination. Thus, we
can establish a definite voltage level in a television system for
black, while the maximum level corresponding to the brightest part
of the scene will be controlled by the peak-to-pesk amplitude of
the signal that the system can handle without distortion.

T1 T2

To blanking and OC
insertion unit = |||||‘+—

Combined horizontal

e

. and -
vertical synchronizing § Ts
= B+
T

T To Trans—
mitter

Fig.35 Circuit of line amplifier and
synchronizing impulse insertion.

The absolute black level is established in the grid circuit
of the final unit of the chain. The output of the blauking and DC
insertion unit is direct-coupled tothe unit shown in Fig., 35. Di-
rect coupling is necessary, as the signal now contains a DC compo-
nent. The synchronizing is also inserted into the composite video
signal in this circuit. A discussion of synchronizing insertion
will be given a little later in the lessom.

Fig. 35 consists of six tubes. All the tubes use a common 75
ohm cathode load., All the plates are operated at ground potential
as far as the video signal is concerned. The grids of the upper
four tubes are connected together and the grids of the lower two are
also connected together. Small isolating resistors of one or two
hundred ohms are inserted in each grid lead to prevent self oscil-
lation. The output of the blanking and DC insertion unit is applied
to the grids of the upper four tubes and the synchronizing is ap-
plied to the grids of the lower two tubes.

The absofute black level is established by driving the grids
of the upper four tubes or the picture tubes tocutoff by the blanking.
Fig, 34 shows the waveform of the signal, and its components, that
is applied to the grids of the upper four tubes in Fig. 35. Fig.
3DA shows the AC picture signal varying about its zero axis. Fig.
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35B shows the blanking. The positive peaksof the blanking have the
same level as zero axis for the AC picture signal. Fig. 35C shows
the combined signal containing the blanking and the AC picture sig-
nal.

The amplitude of the blanking and the level of the zero axis
is controlled by the bias on Ts in Fig. 32. The maximum peak-to-
peak voltage swing on the grids of the picture tubes will be from
cutoff to zero bias. Therefore, the maximum peak-to-peak value of
the AC picture signal, which is determined by black and the brightest
part of the picture, must be limited to this range. The voltage de-
veloped across the cathode load in Fig. 35 will range from zerc at
cutoff to the maximum positive value obtained with zero tias as far
as the picture tubes are concerned. Due %o the degeneration, this
peak-to-peak voltage change will be less than the allowatle grid
swing. Since the voltage developed across the cathode load cannot
be less than zero as far as the upper four tubes are concerned, it
makes an excellent absolute value for black. Therefore, in order
to have zero output always occur for black in the picture, it is
necessary to shift the zero axis of the picture signal so that the
negative peaks occurring for black will just drive the grids of the
picture tubes to cutoff. The amplitude of the blanking, which in-
creases and decreases as the zero axis is raised and lewered, is
always sufficient so that the negative peaks of the blanking are
greater than the cutoff biason the picture input tubes in Fig. 35.
Therefore, the negative peaks of the blanking developed across the
cathode load will have the same absolute value as black.

Hor ,zorsal Syncrrorisicg Ful o Eual s g kLI oot o] Bnct ey Puions

3

Fig.36 Waveforms showing process of inserting syncnronizing im—
pulses.

When a solid shade is beinyg televised, suchas black or white,
there will be no AC picture signal applied to the grids of the pic-
ture input tubes in Fig. 35. The voltage applied to tliese grids
will be DC, and is determined by the bias on Ts and the plate cur-
rent of Ti in Fig. 3%, and by the bias battery B, in Fig. 35. The
battery bias for the picture input in Fig. 35 is adjusted so that
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the DC applied to the picture input grids can be varied from cutoff
to zero by varying the bias on Ts in Fig. 32 over its range. When
televising solid black, the bias on Ts in Fig., 32 is set at maximum,
and the applied to the grids of the picture input in Fig. 35 is
the cutoff value. When te%evising white, the bias on Ts in Fig.
32 is set at minimum, and the DC applied to the grids of the picture
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Fig.37 Block diagram of a television system with five cameras.

input in Fig. 85 is zero. When televising intermediate shades, the
bias on Ts is adjusted so that the DC applied to the grids of the
picture input will correspond to the shade. When televisin% ordi-
nary scenes, the bias on T5 is adjusted so that the DC applied to
the grids of the picture input is proportional to the average light
levef or shade of the scene. This DC level is also the zero axis
for the AC picture signal. A similar set of conditions exists for
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the signal developed across the cathode load for the picture tubes
in Fig. 35. The DC component will vary from zero to the maximum
positive value occurring for zero bias on the picture input grids
as far as the upper four tubes are concerned. Italso will be pro-
portional to the average shade oraverage light level of the picture.

Fig.3B NBC television studio.

The waveform used for explaining the operation of the various
units inatelevision control roomchain resulted from scanning white
bars on a gray background. The bars were equal in width. If we
assume the gray isa shade one-third of the way up onthe scale from
black to white, the average light level or background level will
be a shade of gray two-~thirds of the way uponthe scale from black
to white. Then, in order to reproduce this pattern with its cor-
rect shading and background level, the control room operator will
adjust the bias on Ts in Fig. 3% so that the zero axis for the pic-
ture signal or the DC component applied to the gridsofthe picture
tubes in Fig. 35 will be one-third of the cutoff bias. InFig. 34B
and 34C, Esrack isthe cutoff bias for the picture tubes in Fig. 35,
while Ewnite is zero bias. The bias on T5 in Fig. 32 is adjusted
so that the zero axis of the picture signal is two-thirds of the
way between Esiack and Ewnite, or the distanceEy; in Fig. 343. TFig.
344 shows the AC picture signal alone. The voltage is changing
above and below the zero axis so that the areas above and below the
zero axisareequal, FPig. 34B shows the blanking alone. The blank-
ing swings the grid voltage on the picture input tubes in Fig. 35
from Eo to beyond cutoff. Fig.34C shows the AC picture signal and
the blanking combined. In this waveform, instantaneous voltages cor-
respond to a definite shade between black and white.

11. SYNCHRONIZING IMPULSE INSERTION. The next and final step
in building up the complete video signal istoinsert the horizontal
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and vertical synchronizing impulses. This operation iscarried out
in tubes Ts and Té in Fig. 35. The mixed horizontal and vertical
synchronizing impulses with the phase shown in Fig. 36A is applied
to the grids of Ts and Té. Theamplitude of the mixed synchronizing
is sufficient so that the negative peaks drive the grids of Ts and
Ts beyond cutoff. .
The 75 ohm cathode load resistance in Fig. 35 carries both the
plate current for the picture tubes and the synchronizing tubes.
The picture tubés are biased to cutoff for black. Therefore, the
actual black level will be positive with respect to ground by the
voltage drop across the cathode resistor, caused by the plate cur-
rent of Ts and Té. If we examine the waveformof the synchronizing
in Fig. 36A, we see that the amplitude of the positive peaks is
constant during the interval between the actual synchronizing im-
pulses. Since the synchronizing occurs during the blanking, the
current through the cathode load is constant during the time that
the picture signal appears across the cathode load. Therefore, this
constant positive voltage will not upset the light levels that have
been established by the previous unit. During the time that the
actual synchronizing impulsesareapplied to the grids of Ts and Ts,
these two tubes are biased to cutoff. Therefore, the synchronizing
impulses swing the voltage across the cathode to zero for the neg-
ative peaks of the synchronizing. The synchronizing impulses add
to the blanking, as shown in Fig. 36B.

Fig.39 NBC television control rocm.

In the usual video signal, the synchronizing takes twenty per
cent of the peak-to-peak amplitude of the signal. In order to ob-
tain this ratio, it is necessary to adjust the bias on Ts and Ts
and the amplitude of the synchronizing so that the constant positive
volta.ge developed across the cathode load is one-fourth of the peak-
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Fig.40 video control console.

to-peak voltage developed across the same load by the picture tubes.

The signal developed across R is a complete video signal. Tt
is ready for tramsmission over acoaxial line tothe transmitter and
to the control room monitors. A regular cathode ray tube receiver
is used in the control room to check the quality of the picture sig-
nal going out on the coaxial line. A cathode ray oscilloscope is
used to check the actual form of the video signal and to set the
correct percentage of synchronizing to picture. It isalso used to
see that the proper amount of DC has been inserted into the signal.

Fig.41 NBC control room.
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12. POWER SUPPLY REQUIREMENTS. The plate power supplies used
in the television control room chain must have a much lower ripple
output and far better voltage regulation than can be supplied by
conventional full-wave rectifier and low-pass filter units. Inmany
installations, the plate power is obtained from storage batteries.
This is both inconvenient and expensive. AC operated power supplies
with the regulation and ripple output required in television instal-
lations wil%ube described in a following lesson. These power sup-
plies have automatic vacuum tube regulators.

13, A MODERN TELEVISION SYSTEM. The simpler modern television
installations are designed for theoperation of two to three cameras.
One or two cameras are used in the studio for televising live talent.
The other isused in conjunction with amotion picture projector for
televising film. At least two cameras are required in the studio,
one for televising the complete set, and the other for close-ups.
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Fig.u2 Block diagram of NBC film studio.

Also, if the program involves the use of two or more sets, a much
smoother transition from one set to the other can be made when two
cameras are available. In more elaborate installations there will
be more than one studio, and each studio will be equipped with at
least two cameras, and probably three. Also, two projectors are
usually used for televising film.

Each camera has a separate amplifier chain for the shading
correction, suppression of return time transients, and for the in-
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sertion of the blanking and the DC component. This is necessary,
as the outputs of the various cameras will be different as far as
shading correction is concerned. Also, the background level of the
televised scene will vary for each camera. The background level
for a close-up will differ from that for the entire set. There will
also be a separate set of deflecting circuits, keystone correction
circuits, and high voltage supply for each Icounoscope. Of course,
each camera will have its own head amplifier. The only unit inthe
amplifier chain that all the cameras use in common is the line am-
plifier where the vertical and horizontal synchronizing impulses
are inserted into the video signal.

Fig.43 NBC ~ontrol console for film cameras.

Fig. 37 is a block diagram for a five camera system. Three
cameras are for direct pickup and the other two are for televising
film. In order to simplify the diagram, the shading circuits, re-
turn time transient suppression, and the blanking and DC insertion
are included inasingle unit. Thisislabeled "video amplifier" in
the diagram. Two monitors are provided for observing the outputs
of the three studio cameras. Either monitor can be connected to
any of the studio cameras. Similarly, there are two monitors to
check the output of the film cameras. Since these monitors are
connected in the amplifier chain before the insertion of synchroniz-
ing, it is necessary to synchronize their deflecting circuits by the
vertical and horizontal synchronizing impulses taken directly from
the synchronizing generator. Each monitor is equipped with an os-
cilloscope for monitoring the amplitude of the signal, and for ad-
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Justing the background level. There is also a monitor at the out-
put of the line amplifier or synchronizing insertion unit for an
overall check of the picture. There is a.%so an oscilloscope for
observing the level of the synchronizing and for a final check of
the video signal. :

In small television installations, the amplifier chains for each
camera, the line amplifier, and the synchronizing generator are lo-
cated in a single control room next to the studio. Usually, a se-
parate studio is provided for the film cameras. In larger instal-
lations, where there are several studios, the camera amplifier chains
for the cameras in each studio are located in the control room for
that studio. The line amplifier and synchronizing generator are
located inaroom centrally located with respect to a.%l the studios.

Fig.44 Coaxial cable jack panel.

Fig. 38 is a picture of an NBC television studio. The windows
in the rear wall are to the studio control room. Fig. 39 shows the
interior of the control room looking toward the windows to the same
studio. The cathode ray tube picture monitors and oscilloscopes are
located above the window. The six controls directly in front of the
operator are the contrast and brightness controls for the three stu-
dio cameras. Directly above these knobs are switches for operatin
relays for switching the cameras and picture monitors., The pane
to the right of the operator contains the shading controls. The
three large kmobs to the left of the operator control the focus for
the three Iconoscopes. Fig. 40 shows a better view of the video
control desk used at NBC. Fig. 41 isamore complete viewofan NBC
television control room. The man in the foreground is the audio
engineer. The desk contains the fading and gain controls formoni-
toring the sound part of the broadcast. The next man is the pro—
duction man. The third individual is the video engineer. Part of
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the control room amplifiers can be seen back of the men. The video
controls are controlled remotely from the video engineer's desk.

Fig. 42 shows the floor planofan NBC film studio. There are
four projectors and two cameras. The cameras can be moved along a
track so that any projector may be used. A complete discussion of
televising film will be given in a later lesson. Fig. 43 isapic-
ture of control equipment for the film studio. Controls are provi-
ded here for switching both the audio and video circuits between
studios.

All the video units in a television installation are connected
together by low impedance concentric lines. Of course, all comnect-
ing lines must be properly terminated, in order to prevent reflec-
tions. Switching of video circuits is done by specially designed
relays. These relays must have very low capacity so that the high
frequencies will not be excessively attenuated, and so there will
be very little capacity connected across the terminating resistances
for the concentric lines. The terminations should be pure resis-
tances. The input and output of the relays are electrostatically
shielded to prevent the higher frequencies from feeding through even
when the relays are open. Also some switching is done by the use
of coaxial patch cords. Fig. 44 shows a coaxial cable jack panel
and patch cords.
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EXAMINATION QUESTIONS

INSTRUCTIONS. Beforestarting toanswer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. HNake all answers complete and in de-
tall. Print your name, address, and file number oneach page and be
neat in your work. Your paper must be easily legible; otherwise,
it will be returned ungraded. Finlsh thisexamination before start-
ing your study of the next lesson. However, send in at least three
examlnations at a time.

1., Which type of amplifier distortion must be held to a min-
imum in a video amplifier? Why?

2. What is a quick and simple way of testing the transmission
characteristics of a video amplifier?

3. A video amplifier has lower gain and less delayat the low
frequency end of the video band than it has at the intermediate fre-
quencies. Diagram the output waveform if the input is a 60-cycle
square wave.

4. How will the type of distortion described in the previous
question show up in the reproduced picture?

5. Illustrate by diagrams, three methods of compensating video
amplifiers in order to obtain satisfactory high frequency response.

6. Why is it necessary that a coaxial transmission line be
terminated in its characteristic impedance?

7. Draw a block diagram of control room amplifier chain, and
state briefly the function of each part.

8. How are the spurious signals removed from the output of
the Iconoscope?

9. What information is conveyed by the DC component in avideo
signal?

10. How much of the control room amplifier chain diagrammed in
question 7 must be duplicated when more than one camera is used?



APPEND I X

(vecTORS)

Vectors provide a very simple method for studying the ampli-
tudes and phases of voltages, currents, and impedances in AC circuits.
Fig. 1 shows several vectors. Vectorshave two importent properties:
length and direction. In alternating current electricity, we can
represent the magnitude of a wvoltage, current, or impedance, by a
vector of proportionate length. We can represent the phase of the
voltage, current, orimpedance, by the direction we give the vector.

S ™~

Fig.1 Vectors.

If we wish to add two voltages together by vectors that have
a phase difference of 9U degrees, we draw two vectors perpendicular
to each other, as A and B in Fig. 2. The lengths of the vectors are
drawn proportional to the magnitudes of the voltages. The next step
is to complete the rectangle formed by the two perpendicular vectors.
The diagonal of this rectangle drawn from the intersection of the
two vectors is a vector which has the same magnitude as the sum of
the two voltages A and B, This is true, aswe know that the hypot-
enuse of a right triangle is equal to the square root of the sum of
the squares of the sides. The angle between the diagonal vector
and either of the sides is equal to the phase angle between the to-
tal voltage and the voltages A and B respectivei . In usingavec-
tor diagram, we measure the leading angles in the counter-clockwise
direction, and the lagging angles in the clockwise direction., There-
fore, the total voltage is leading the B component bty b degrees,
and is lagging the A component by a degrees.

. —— e e e = = =

Fig.2 adding vectors.

Now let us find, by means of vectors, the potential drop across
a series circuit containing an inductance and resistance. We know
that the potential across the resistance will be IR, and the poten-
tial across the inductance will be 2"fLI. We also know that the
voltage and current through a resistance are in phase, and that the
voltage across an inductance leads the current by 90 degrees. Then



let us draw a vector IR horizontally (Fig. 3). Since the current
through the inductance and resistance are in phase, the voltage
across the inductance will lead the voltage across the resistance-
by 90 degrees. Therefore, the vector 2"fLI is drawn perpendicularly
to the vector IR, It will point upward because the voltage across
the inductance leads the voltage across the resistance by 90 degrees.

anfLi

Fig.3 Vvector diagramfor in-
ductance and resistance in se-
ries.

IR -

If we complete the rectangle and draw in the diagonal, the length
of the diagonal will be equal to the voltage drop across the series
circuit, if the other two vectors have been drawn to scale. The
number of degrees in the angle between the diagonal and the vector
IR is the number of degrees that the voltage across the series cir-
cuit leads the current through the circuit.

The magnitude of diagonal from the geometry of the figure is

seen to be:
LR? + (2nfL) 2

Since the current occurs in the expression for the magnitude of
each voltage, the magnitudesofall the vectors can be divided by I,
and their relative magnitudes are unchanged.

Fig.4 Vvector diagram of im-
pedances.

The vector diagram will now consist of impedances instead of voltages
(Fig. 4). Thehorizontal vector is the resistive component, and the
vertical is the inductive component. The diagonal is the total im-
pedance of the combination. Thus, vectors can be used for adding
impedances together.



Now let us consider a series circuiv consisting of a condenser
and resistance (See Fig. 5). The potential drop across the resis-
tance is IR, and the potential drop across the condenser is I + 27fC,
Since the voltage across a condenser lags the current through the
condenser by 90 degrees, the vector representing the voltage across
the condenser is drawn pointing downward. The diagonal of the rect-
angle using IR and I + 27fC as sides will represent the magnitude
and phase of the voltage across the combination. In this case, the
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Fig.5 vector diagram for resistance and capacity in series.

total voltage lags the current in the circuit. The amount of the
lag in degrees, is equal to the size of the angle, in degrees, be-
tween the diagonal and the vector IR. Asin the case of the previous
example, the total impedance can be found vectorially.

Now let us consider a series circuit containing resistance,
inductance, and capacity. The vector voltage diagram will have the
form shown inFig. 6B. The vectors representing the voltages across
the inductance and capacity, point in opposite directions, as the
voltages across the two are 180 degrees different inphase. There-
fore, the sum of the two will be the difference in length between

anrLl 1/R2 + (aRFL - E‘RLFC)?

IR

iR
1}— 1
2ntfC l(znfL —W)
(x) v (8) (c)
.6 Vector diagramforresistance, inductance, and capacity in

Fig
seriles.

their respective vectors. The direction or phase of the sum will
be the direction and phase of the larger vector. After adding, the
voltages across the reactive part of the vector diagram take the
form shown in Fig. 6C. In this case, the voltage across the in-
ductance is greater, and the vector representing the sumof the two,



points upward. The total voltage drop is found vectorially, as be-
fore. The voltage across the combination leads the current through
the combination by the le between the diagonal and the vector IR.
By removing the fa.cto?‘n% from each vector, the vector diagram in
Fig. 6 can be used for finding the total impedance of the circuit.
For the resonant condition, the vectors representing the inductive
and capacitive reactances will be equal and opposite, and will can-
cel. The total impedance of the circuit will be equal to the re-
sistive component.,

I

1
"\gc/hh)! + (anfc)2
]

:s/(l )

A e

E2RfC 1
E 2NfC ML
—
E/R
£ At
L e/(1R2 + (znfc—z-n‘TL)

Fig.7 Vector diagrams for parallel circuits.

Vector diagrams can be used for parallel circuits, as well as
series. In the case of parallel circuits, we represent the currents
through the various branches by vectors instead of the voltages,
since in a parallel circuit the current in each branch differs,
while the voltage across all the branches is the same. The vector
sum of the branch currents will be the line current. Fig. 7 shows
the vector current diagrams for several parallel combinations. In
these diagrams, the vector representing the current through the ca-
pacity is drawn up, and the vector representing the current through
the inductance is drawn down, as the current through the condenser
leads the current through the resistance, while the current through
the inductance lags the current through the resistance. If the vec—
tor E is removed from all the components, the resultant vector dia-
gram represents the admittances of the components and the combination.
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SYNCHRONIZE

..... to nappen simultaneously.

One of the definitions of the word *syncnronize"
is "to happen simultansously", which in plain every-day
English means that several things happen at the same
time.

In television, synchronization is extremsiy impor-
tant because neither the transmission nor rescention of
television signalswill producea nigh definition picture
unless the various unitsof tne equipment involved, fuac-
tion with split-hair precision....and at the same tims.

in radio, the half-trained servicemancan "get away"
with poor work at times becauss some of his customers
may not be critical of moderate distortion or other de-
fects in his workmanship. However, ths inefficient tech-
nician wil|l be just plain out of luckin television, for
distortion will mean distorted pictures; perhaps a gro-
tesque face, a warped nose, or arms that do not match.
While such reception might be considered comical for a
time, the eventual reaction would be disgust, and lost
sales for the store where the set was purchassd.

To assure the success of television, broadcasters
will only employ oparators capable of operating their
equipment properly, and radio storesretailing television
receivers will only employ technicians capable of keep-
ing receivers in perfect working order. Tne men so em-
ployed will requirea high degree of training...the kind
of training that you are receiving from Midland. There
will be no place for men with limited knowledgeof tele-
vision problems.

Copyright 1940
b
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Midland Television, Inc.
PRINTED IN U.S.A.
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Lesson Three

TELEVISION
SYNCHRONIZING,z;;;jf;?
GENERATORS

“The svnchronizing
generator is unquestion-
ably one of the most im-
portant piecesof equipment,
in the television transmis-
sion chain. Without svuchro- &
nizing impulses it would be im~
possible to Lolda receiver in step
with the transmitter, and no picture
could be received.

"This lesson may at rirst appear to be a little comnlicuted;
but. 1f you will keep in mind the purpose of the venerator, I am
sure vou will have less trouble in compreheadin;: how it operates."

1, THE PROBLEM OF SYNCHRONIZING. Berore discussingthe trans-
mitting circuits for generatin~ the RMA standard S\ﬂc|r0n121np im-
pulses, we will consider in detail the reason for choosing this
relatively complex standard. The problem of svnchronizing has al-
ready been discussed ina previous lesson aud the fundamentul prin-
ciples discussed in that Lessou will now be enlarged upon.

The student has already learned that in order to have inter-
laciny, an odd number of lines wust te employed. Why do we choose
4417 Would not 431 or 451 be equally satisfactoryv? To iusure a
steady picture witn good interlacing, it 1is necessary tout some
definite odd number of lines be empIO\ed for each trame. In order
to wmaintain a definite number of lines, it is necessarv that the
frame frequency and line irequency bte related by simple nwabers so
that stable harmonic geuerators canbe used to maintain the definite
numerical relation between frame frequencyand line rrequency. The
electrical means for accomnlisuing this will he discussed later in
tiie lesson.

If the frame frequency and line frequency are related by the
number 441, then it is possible to use frequency multipliers or
frequency dividers iu cascade which bear a frequency ratio hetween
input and output of 7, ¥, 3, 3, (7 x 7 x 3 x 3 = s4l), to obtaia
the line frequency from tre frame, or the converse. Ir we wish to
have a picture of approximately 4uu lines, no other odd number ex-
cept 441 can be chosen which way be formed by multiplying small
numbers, such as 3, 7, or Y.
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The special synehronizing waveform shownin Fige 1 was devised
so that the vertical and horizontal syncn ronizino impulses could Le
separated wh ile leaving the norizontal imnulses coutinuouseven dur—
ing the timeof ver‘ucaI synchrenization. Purthermore, the vertical
synchronizing impulses are identical for every field, recardless of
the presence of the horizontal impulses. The waveform of Fiyp. 1
will be discussed part by part througiout the lesson, but lirst we
will consider the figure as a wioles The time rerreserited as t2
may be considered as the true reference of the [isure since this
represents tke begivning of a frame. Tle vertical syuchronizing
pulse which begins at t2 and ends at t3 lasts fora time equlvalent
to three horizontal lines in the picture. During this time, six
notches are cutin the vertical synchrorizing pulse. These notches
or serrations occur, therefore, twice per line, and the first is
displaced from the beginning of the synchronizing pulse by a time
equal to half a line of the picture.

The equalizing pulse intervals which occur jus? before (ti-t2)
and just after (t3-ts) the vertical synchroniziug, also last for a
time equal to three lines of the picture. Durmn‘ these intervals,
synchronizing pulses occur twice per line, instead of just once.

The intervals to-ti, tu-ts, represent normal horizontal syn-
chronizing pulses. Of course, horizontal synchronizing pulses also
occur before to and arter té. In fuct, Figs. 1i or 1B would have
to sliow approximately 2Uv Lorizontal pulses to be complete.

Tlhie interval ti-ts represents the vertical blanking pulse and
lasts from 16 to 22 lines of the picture.

Tiie horizontal blanking pulse lasts approximately 1U7% of the
time for one lorizontal line. The horizontal synchronizing pulse
lasts aporoxirately 8. of the time for one horizontal line as may
be seen in Fig. 1C,

(8) INPUT ouTeuT

c) .
.2 Transmission of rectangular pulses through a high-~ pass

liorizontal and vertical synchronizing impulses are separated
from each other by reason of their different time durations. Thus
a low-pass filter is used to extract the vertical impulses and a
high-pass filter is used to extract-the horizontal impulses. If a
square wave is passed through a high-pass filter, the higher freg-
uencies which constitute the steep slopeson the leading and trail-
ing edges of the square wave are passed by the filter. The low
frequency components which determine the time duration of the square
wave are filtered out. Thus, on the leading and trailing edges of
the square wave, a sharp pulse is generated. Consider Fig. 2A. In
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this figure, two successive square waves are shown which have un-
equal durations. If the slopes of the leading and trailing edges
are identical in the two pulses, then the output of the high-pass
filter shown in Fig. 2B will give a series of sharp transients,
whose magnitudeand shape are independent of the widthof the square
wave. The outputof the circuit shown in Fig, 2B is illustrated in
Fig., 2C directly under the square wave from which it was derived.
The high~pass filter shown in this circuit is essentially the same
network used for separating the horizontal synchreonizing impulses
in a television receiver.

'1——— VERTICAL dLANKING 16 to 22 LINES -

(a)

«—H —'r‘*—DOUBLE HORIZONTAL —+|e— v —>|<-— DOUBLE HORIZONTAL—D'«H _—

(8)

AP P

Fig.3 Transmission of a standard synchronizing signal through a
high-pass filter.

Letus apply the standard synchronizing waveformto the circuit
of Fig. 2B and observe the output. A portion of the standard wave
is shown in Fig. 3A and the output from the horizontal separator
circuit is shown in Fig. 3B. It may be seen that during a part of
the vertical blanking out time, double horizontal impulses are in-
serted as well as a serrated® vertical impulse in addition to the
normal horizontal pulses., Each one of the double horizontals de-
liversa transient through the high-pass filter exactly the same as
that delivered by the ordinary horizontal impulse. Consequently,
a synchronizing pulse occurs not only at the beginning of a line,
but also at the center. Furthermore, the notches or serrations in
the vertical synchronizing impulse also deliver transients through
the high- pass filter which serve as horizontal synchronizing im-
pulses, even during the timeof the vertical synchronizing impulse.
Thus the receiveris supplied with horizontal pulses duringthe time
of the vertical blanking out; the horizontal oscillator is run-
ning in step; and the picture does not tear out at the top as it
would if the serrated vertical were not employeds Twice as many
horizontal impulses are supplied as necessary during part of the
time, but every other oneis of no consequence since the repetition
rate is so far removed from the normal frequency of the horizontal
oscillator, Everyother pulse, and only every other one, will fire
the horizontal oscillator in the receiver.

Since the horizontal pickoff circuit depends uot on the dura-
tion of the square waves but on the steepnessof the wave fromt, it
should be noted that the normal horizontal synchronizing pulses,

e Serrated: toothed or notched, like a saw.
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the double horizontal synchronizing pulses, the serrations in the
vertical pulse, and the leading edgeof the vertical pulse must all
have the same slope. Otherwise, there will be an irregularity in
the resultant transient through the horizontal separation circuit
and the pulses shown in Fig. 3B will not all beof the same height.
The details of the shape of the various pulses are shown in Figs.
1C and 1D and, as just mentioned, all of the pulses have the same

slope on the leading edge.
[4PUT I ouTPUT

nr. -

Fig.4 Transmissionof rectangular pulses througha low-pass filter.

Next we shall consider the operation of the vertjcal separa—
tion circuit. This circuit is essentially a low- pass filter as
shown in Fig. 4B, If the waveform of Fig. 4A is impressed upon this
low-pass filter, the rectangular pulses of unequal time duration
yield unequal output, even though the slopesof the wave fronts are
the same. This is due to the longer charging time for the wider
pulse., The result is the exact opposite of the high-pass filter
which was illustrated in Fig. 2. The low-pass filter storesup the
energy in the square wave and thus the longer the duration of the
pulse, the greater will be the output amplitude of the vertical
separation circuit.

1 e

(a) EQUALIZING SERRATED EQUALIZING
PULSES VERTICAL PULSES

Fig.5 Transmission of a standard synchronizing signal through a
low—-pass filter.

The action of a low-pass filter when fed with a standard syn—
chronizing wave is shown in Fig. 5. During the time of the nor-
mal horizontal synchronizing impulses, the low-pass filter charges
slightly and discharges for each line of the picture. Because of
the exceedingly short time duratiovof the horizontal synchronizing
pulse, only a small charge is accumulated by the condemser in the
vertical separation circuit. During the time of the double hori-
zontal synchronizing pulses, this condenser would normally charge
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up to a greater value because of the larger numberof pulses. How-
ever, the pulses are made much narrower, in fact only half as wide
as the normal horizontal pulses. Although there are twice as many
pulses, each pulse charges the condenser only half as much as pre-
viously, and the net charge remains the same. The vertical ‘Syn—
chronizing pulse is very long. It takes up a time equal to three
complete horizontal linesof the picture. Therefore, the condenser
in the separation circuit charges up to quite a high value and, at
the end of the vertical synchronizing pulse, it slowly discharges
to the value it had before the vertical synchronizing impulse was
inserted. The serrationsin the vertical synchronizing pulse allow.
the condenserto discharge slightly, but since these serrations are
small compared to the space between them, the condenser does not
discharge more thana fraction of the energyit had accumulated dur-
ing the charging time. The condenser continues to build upas long
as the vertical synchronizing pulse is presentas shown in Fig. 5B.

The gentle rise of the waveform of Fig. 5B is a disadvantage
in controlling the precise firing time of the vertical oscillator
in the receiver. 'If the firing time of the vertical oscillator:
differs by more than the time required to scana fraction of a hori-
zontal line, pairing will result. For this reason, receivers are
often arrangedwith circuits which clip the wave of Fig. 5B, square
it up, and by this means increase the slope of the vertical wave
front. Although this is a receiver problem, the circuits for ac-
complishing the result are identical with ones to be described la-
ter in this lesson.

The double horizontal pulses to which we have referred are
lmown as equalizing pulses. Six of these pulses occur before and
six after the insertion of the vertical synchronizing pulse. As
already mentioned, these pulses occur with twice the frequency and
half the width of the standard horizontal pulses.

Fig.6 Transmission of simple synchronizing pulses througha low-
pass filter,

The best way to describe the purpose of the equalizing pulses
is to consider what would happen if these pulses were not present.
In order to secure satisfactory interlacingby the odd-line method,
the vertical synchronizing pulse is inserted in such a way as to
trip the vertical oscillator at the end ofa horizontal line during
one field and to trip the vertical oscillator in the middle of the
horizontal line duringthe following field. Thus, a simple synchro-
nizing pulse without the refinement of the serrated vertical and
the equalizing pulses would appear as shown in Fig. 6A and in Fig.

6




6B for alternate fields of one frame. The dotted pulse in Fig. 6B
shows the relative position that this pulse had in the preceding
field with respect to the horizontal pulses. Two things are appa-
rent: first, the leading edge of the vertical pulseis closer to a
horizontal pulse in Fig, 6B than in Fig. 6A. Second, the vertical
pulse of Fig. 6A joins a horizontal pulse, and thus appears as if
the vertical pulse is wider in Fig. 6A thanin Fig, 6B, These dif-
ferences between alternate fields affect the time of firing of the
vertical oscillator in the receiver and also the magnitude of the
vertical deflection. The effects are rather small but sufficient
to upset the delicate process of interlacing.

Consider the effect on the pulses of Fig., 6A and Fig. 6B in
passing through the low-pass filter which constitutes the vertical
separation circuit. When the vertical pulse lies close to a hori-
zontal pulse, the condenserin the low-pass filter hasnot complete—
ly dischar%ed at the beginningof the vertical synchronizing pulse.
Thus, the leading edge of the vertical pulse of Fig. 6D begins at
8 higher voltage than in the case of Fig. 6C. Since the slope of
the condenser charging currentis the samein either case, the volt-
age necessary to trip the vertical oscillator in the receiver will
occur sooner for the field represented by the Figs. 6B-D than for
the field represented by Figs. 6A-C, dueto the presenceof the ad-
jacent horizontal synchronizing pulse. Thus, the vertical oscilla~
tor in the receiver will fire sooner than it should every other
field and cause pairing or imperfect interlacing in the receiver.

As already mentioned, the vertical pulse in Fig. 6A is of
longer time duration than that in Figs 6B, due to the extra hori-
zontal pulse which adjoins the trailing edge. This means that the
condenserin the vertical separation circuit will charge longer for
the case of Fig., 6A than forthe succeeding field, andthe magnitude
for the synchronizing pulse leaving the separation circuit will be
greater for the first field than for the second. The energyof the
synchronizing pulse unavoidably adds to the energyof the discharge
circuit in the receiver, hence the inequality of the successive
vertical synchronizing pulses cause the vertical oscillator in the
receiver to produce unequal magnitudes of deflection. If alternate
deflection waves differ by as much as .1%, poor interlacing will
result over part of the picture.

In the preceding paragraphs we have considered in detail the
effect of simple synchronizing pulses in disturbing the quality of
odd line interlacing. The standard synchronizirng pulses, shown in
Fig, 1, are arranged to overcome this. difficulty. By doubling the
numberof horizontal synchronizing pulses just beforeand just after
the vertical synchronizing pulse, the output of the vertical sepa-
ration circuit is made to appear identical for every vertical syn-
chronizing pulse. This action was shown for ome field in Fig. 5,
and would be exactly the samé for every field. As maybe seen from
Fig. 1, the difference between the fields occurs not at the begin-
ning of the vertical synchronizing pulse, but at the beginning of
the equalizing pulses. The slight differences at the beginning of
the equalizing pulses for alternate fields is of no consequence
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since the vertical oscillator will not fire at this time, The
equalizing pulse interval is made sufficiently long to restore
equilibrium before the vertical synchronizing impulse occurs.

2, ELECTRONIC GENERATOR. The standard synchronizing impulses
which have just been described may be generated either by electro-
mechanical means or by an electronic gemerator. Each system has
its own advantages and disadvantages. It is difficult to secure
sufficient precision by mechanical means in orderto make successive
synchronizing impulses identical in shape and timing. Onthe other
hand, the electronic generator is relatively complex and the large
number of tubes and circuits inwolved tend to make a unit which is
not entirely reliable unless all components are operated very con—
servatively. Even then it is desirable to have a duplicate unit.

The circuit of the electronic generator is quite complex and
each manufacturer differs to a considerable extent in most of the
detailed circuits. However, the basic principles underlying all of
them are essentially the same. For this reason, the basic circuit
will be discussed in block diagram form and then each portion of
the circuit analyzed and consideration given to the many possible
variations. Fundamentally, the synchronizing generator consists of
three parts as shown in Fig. 7. The first is a timing unit which
generates the various pulses at the correct frequency, next the
pulse shaping unit which takes these pulsesand forms them into the
shapes illustrated in Fig. 1, and third the output unit which sup-
plies pulsesof various shapesin duplicate to several low impedance
outputs.

PULSE
TIMING our puT
UNIT SHAPING ONIT

T

Fig.7 Fundamental units of an electronic synchronizing generator.

The basic functions of each of the three units comprising the
synchronizing generator are shown in Fig., 8. Consider one unit at
8 time. The timing unit consists of a master oscillator anda chain
of multivibrators operatingat successively lower frequencies. The
master oscillator may be any conventional type of sine wave oscil-
lator and may oscillate on either 13.23 or 26.46 kc. In Fig. 8 it
is shownas operating on 26.46 kc. This oscillatorhas synchronized
with it a multivibrator on the same frequency. This multivibrator
supplies narrow pulses which eventually are used as equalizing or
double horizontal pulses preceding and following the vertical syn—
chronizingpulse, The 26.46 multivibratordrives a 13.23 kc. multi-
vibrator which generates the horizontal blanking impulses. The
26.46 multivibrator also drives a chain of four successive multi-
vibratorswhich divide the frequency by 1/7, 1/7, 1/3, and 1/3. The
individual frequencies corresponding to these divisions are 3780,
h40, 180, and 60. The 60 cycle rectangular pulse which is derived
from this chain of multivibrators is used as a vertical blanking
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pulse and for other purposes which will be considered when we study
the shaping unit.

The chainof oscillators which has just been described insures
that a definite frequency relation is maintained between the line
frequency (13,%3V c.p.s.) and the frame frequency (30 c.p.s.). This
ratio will be 441 to 1. However, it is necessary to insure that
the 60 cycles generated by this chain of oscillstors maintains a
consistent phase relationship to the 60 cycles supplied by the power
source. This relation is secured bva discriminator which compares
the 60 cycle square pulse to the line voltage. Any difference in
phase develops a DC voltage which is used to control the frequency
of the master oscillator running at 26.46 kc. This will be con-
sidered in detail a little later on. A phase shifting network is
also incorporated in order to lock the 60 cycle square wave at any
phase to the line voltage.

The output of the timing unit consists of three setsof pulses
whose fundamental frequencies are 26,460, 13,230, and 60 cycles.
These outputs are fed to the keying and shaping umit.

The keying and shaping unit must take the fundamental pulses
derived in the timing unit and form them into the complicated wave-
form which was shown in Fig. 1, This wave shape is seento consist
of a combination of five elementary waveforms:

1. Horizontal blanking

2, Vertical blanking

3. Horizontal synchronizing
4. Equalizing pulses

B Serrated vertical pulse

Besides these five pulses, two others must be formed which
serve as keying impulses to turn on and off the others at the cor—
rect time. The keying pulses are formed f{romthe vertical blanking
pulse, one beginning at the same timeas the vertical blanking, but
continuing for a period of only nine horizontal lines, instead of
21 horizontal lines. The other keying pulse lasts for only three
lines and is delayed bya time equal to three horizontal lines from
the beginning of the vertical blanking pulse.

The connection for the various shaping circuits may be seen in
Fig. 8, but the mode of operationismore clearly indicated in Fig.
9, which shows how the various pulses are keyed so that they occur
at the proper time and are then mixed in a combining stage. Occa-
sicnally, the slightly more complicated keying circuit of Fig. 10 is
used and, in this case, the equalizing pulses are keyed out during
the time that the serrated vertical pulseis keyed in. This refine-
ment is not generally necessary since (as shown in Fig. 11}, the
trailing edge of the serrations in the vertical impulse occur at
exactly the same time as the leading edge of an equalizing pulse.
The coincidence is essential, because it is the upswing of the
waveform that delivers the horizontal synchronizing pulse. The
presence of the equalizing pulses inno way deters the operation of
the circuit; however, some means must be used to limit the peak out-
putof the stage. Fig. 11 shows the relative positionof the equal-
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izing pulses and the serrated vertical pulse. Fig. 11B shows the
output secured from the circuitof Fig, 9 if the peaks are limited,
and Fig. 11C shows what would occurif the two setsof impulses were
simply added together by paralleling the plate circuitsof two tubes.

AN
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VERTICAL KEY MG
KEYING PULSE
 pugn |

3 H. LIKES
Fig.9 Block diagram of keying circuit.

In this case, the signal would have to be trimmed alonga line such
as X-X to create the proper wave shape.

After the synchronizing pulseshave been mixedas shown in Fig.
9 or Fig. 10, itisoften referredto as "supersync". The supersync
isnot mixed with the blanking pulsesin the synchronizing generator
itself. As you learned in the preceding lesson, the mixing opera-
tionof the picture signal, the blanking signal, and the synchroniz-
ing signal takes place directly in the studio amplifier, and the
circuits for accomplishing this have already been studied.
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Fig.10 Keying circuit for forming standard synchronrizing signals.

Horizontal synchronizing pulses are formed in the kaying and
shaping unit from the horizontal blanking pulses simply by making
the blanking pulses narrower. The detailed circuit for doing this
will be shown later in the lesson.

The serrated vertical pulses are formed from the combination
of a keying pulse and the equalizing pulses which have been either
widened, or inverted and shifted in time. Notice in Figs. 5 and 9
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that when the equalizing pulses are inverted, the appearance of
these pulses is quite like the serrated vertical,

The keying pulses are formed from the vertical blankingby the
process of narrowing the blanking pulse. The nine line wide verti-
cal pulse is used to key in the equalizing pulses. A three line
pulse which has not only been narrowed, but delayed, is usedto key
in the serrated wave. In addition to the supersync circuits, a
circuitis provided for mixing the horizontal and vertical blanking.

S |
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Fig.11 Relative timingof equalizing and serrated vertical pulses.

In addition to its primary function of a synchronizing and
blanking unit, the electronic generator usually furnishes several
other special pulses. Vertical and horizontal pulses are formed
which serve to drive the deflection circuits for the Iconoscope.
The circuit required to generatea sawtooth wave froma narrow pulse
is the familiar discharge circuit which you studied in a previous
lesson. In this way, the blocking tube oscillator can be omitted
from the Iconoscope deflection circuitsand thus the possibility of
the Iconoscope deflection failingto synchronizeis eliminated. The
driving pulses must havea width somewhat greater thanthe synchron-
izing pulses and cousiderably less than the blanking pulses. If the
width of the driving pulse is too small, the return timeof the de—
flection circuit will beso short that extremely high voltages will
be developed in the deflection yoke and output circuit of the de-
flection amplifier. If the driving pulses are too wide, then the
return time may not occur entirely within the intervalof blanking,
and thus transients will be observed on the edges of the picture.
As shown in Fig. 8, the vertical driving pulsesare formed from the
vertical blanking pulses by narrowing these pulses and introducing
a slight delay so that the returnof the Iconoscope deflection can—
not begin until afterthe leading edgeof the vertical blanking-out.
The horizontal driving pulse is generally identical with the hori-
zontal synchronizing pulse andis extracted fromthe horizontal syn-
chronizing circuit through a buffer.,

The synchronizing generator. should also furnish a pulse to
blank the Iconoscope duringthe return timeand thus remove the beam
during the flybackin the Iconoscope. The Iconoscope blanking pulse
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is slightly less wide than the normal vertical blanking, but some-
what wider than the vertical driving pulse. Thus, there are at
least three special pulses besides those used in forming the syn—
chronizing and blanking, or a total of 11 pulses of various shapes
and widths formed by the synchronizing gemerator.

The actual number of .output wave shapes are only five, since
the blanking pulses are mixed previous to the output stages as are
the synchronizing pulses. However, for each of the five different
types of waves, a multiplicity of output connections shouldbe pro-
videds The various waves should be supplied in either positive or
negative polarity to facilitate changes in the rest of the studio
equipmentor in adapting the synchronizing generatorto studio equip-
ment supplied by various manufacturers. A multiplicity of outputs
is necessary because it is general practice to incorporateat least
two and preferably three or four cameras in the studio in addition
to twoor three movie machines (for flexible program facilities and
continuity of programming). The outputs should preferably be sup—
plied at low impedance, such as 70 ohms, in order that they may be
carried over coaxial cables to various partsof the studio and con—-
trol room. The block diagram of Fig. 8 shows four outputs for each
type of pulse except the mixed synchronizing where generally only
one is needed. The four output circuits would supply two studio
cameras and two movie cameras, assuming that the polarity could be
reversed at will within the output stage itself.

Fig. 12 showsthe front view of theRCA synchronizing generator,
complete except for power supplies which are housed in a separate
racks The block diagram of Fig. 8 does not refer to this particu-
lar unit, but was described to show the equipment generally included
in any synchronizing generator. Thereare apt tobe variations from
this. PFor instence, some units include the vertical and horizontal
deflection circuits in their entirety, while other units, such as
the Dumont synchronizing generator, shown in Fig. 13, also include
an oscilloscope for adjusting and maintaining adjustments in the
synchronizing generator.

8. TIMING CIRCUITS. The circuit of Fig. 8 need not be fol-
lowed explicitly in the timing unit. Inan elaborate unit, buffers
would be employed between each stage and, as mentioned previously,
the master oscillator might operate at 13.23 kc., rather than at
26,46 kc. One variation in block form is shown in Fig., 14. A
simpler and more compact unit might omit the buffers and divide the
frequency by 9, 7, and 7, instead of coming down 7-7-3-3. Such a
simplified unitis shown in Fig. 15. Still another variation would
be to run the master oscillator at 105 kc., instead of 26 kc., and
the 105 kc. output could be inserted in the video chain instead of
the picture signal. This would place eight vertical bars across
the picture which could be used for checking the linearity of the
horizontal deflecting circuits in the monitor or receiver by ad-
justing the deflection until the bars are uniformly spaced. It
might occur to you that it would be simpler to operate a chain of
frequency multipliers directly from the 60 cycle line frequency to
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achieve the 441 relation between the horizontal and vertical im-
pulses, Such a system is diagrammed in Fig., 16 and appears some-
what simpler than the system previously described which started with
a high frequency oscillator and divided down to 60 cycles, compar-
ing this latter frequency with the line frequency and controlling
the master oscillator from the comparison circuit. However, the
circuit of Figs 16 will not gemerally give sufficient precision in
the timing of the horizontal pulses.
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Fig.14 Block diagram of an electronic timing urit.

In order to secure a picture having high definition and free-
dom from ragged edges, the horizontal oscillator must fire ata pre-
determined period to within 1/5 microsecond. This means that the
frequency multiplier which is drivenby the 60 cycle line frequency

L
L

MO 26.46 13.2
26,46 ~——p KC. KC. =
KC. My MV

x 1/9 x 1/7 x 1/7 ‘
AFC 2940 |— u20 60 DISCRIMINATOR

| |

Fig.15 Simplified timing unit,

must not only be an exact multiple of 60 cycles, but must maintain
the phaseof this frequency to within .004 degreeof a 6V cycle wave
or to within .04 degree of the first multiplier of Figs 16. Such
extreme precision in the frequency multiplier is not ordinarily
realizable andthe frequency multipliers tend to "hunt" slightly in
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phase. In other words, the 441 relation between line frequency and
frame frequency can easily be maintained to within one line, but
it cannot readily be maintained to within a very small fraction of
one line which is necessary to securea perfect picture. Thus, the
simpler circuit of Fig. 16 does not give as excellent results as
the previously described type.

—-— - |1 SQUARE . 6, 460
26,4
6‘O,~ 420 2940 26,460 WAVER
SQUARE nnn 13,23 |fLUU
WAVER [P wo P
Fig.16 Timing unit utilizing frequency multipliers.

Another difficulty with the circuit of Fig. 16 is that slight
irregularities in the line frequency such asa sudden surge, caused
perhaps by turning ona switch, will be carried through the frequen-
cy multipliers and affect the line frequency pulsesof the synchro-
nizing generator. In the previously described circuit which included
a master oscillator running atahigh frequency, sufficient time de-
lay is incorporated in the AFC circuit to eliminate the effect of
instantaneous chenges in the line frequency.

4, MULTIVIBRATORS. Multivibrators have been mentioned as the
type of circuit used in dividing the frequemncyof the master oscil-
latorto secure the vertical synchronizing impulses. In some cases,
it is preferable to use blocking tube oscillators for this purpose
since they may readily be synchronized on a subharmonic of a pre-
vious stages. Blocking tube oscillators are usuallymore stable than
multivibrators, particularly at the lower frequencies, and for this
reason they are sometimes incorporated in some of the frequency di-
vider stages of the timing unit. Blocking tube oscillators have
been thoroughly discussed ina previous lesson and will not be dis-
cussed here; however, there are types of multivibrators other than
the one described in a previous lesson. Several types of multivi-
brators suitable for use as frequency dividing units will now be
described.

A multivibratoris fundamentally a two stage resistance-coupled
amplifier with feedback between the two stages. This feedback may

“ be applied either from plate to grid or it may be achieved through
common cathode coupling. Three variations of the plate to grid
feedback method are shown in Figs. 17, 18, and 19, while circuits
employing common cathode feedback are shown in Figs. 20 and 21,

The performance of the basic multivibrator circuitof Fig. 17A
may be understood by following through the waveforms shown in Fig.
17B. These waveforms show the grid voltage and the plate current
of the two triodes incorporated in the multivibrator circuit. As-
sume that the multivibratoris turned onand some slight disturbance
causes & fluctuation in the plate voltageor plate current. If the

16



voltage on the grid of T1 changes ever so slightly in the negative
direction, this change will be amplified by T: and T2 and will be
reimpressed upon the grid of T1 asa still further negative change,
finally biasing tube T1 to cutoff. Under this conditiom, the plate
of Tt ishighly positive (zero current) causing tube T2 to draw con-
siderable grid current. This grid current limits the voltage to
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Fig.17 Basic multivibrator.

which the grid of Tz can be driven as shown in the diagram of Fig.
17B. Thus, between the times shown at tt and t2, the grid of tube
T2 maintains a constant positive voltage. The negative charge im-
pressed upon the grid of T1 by Ci slowly leaks off viathe grid re-
sistor R1 until finally (at time t2z), cutoff biasis reached and Ti
again draws current. The drop in plate voltege (current increase)
of T1 is amplified by T2 and impressed asa positive voltage on the
grid of T1 (limited by grid current). This change takes place al-
most instantaneously (at time t2) and the gridof tube T2 is driven
highly negative. During the next interval of time from t2 to i3,
the condenser Cz, which was charged by grid current during the pre-
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vious period, now discharges through resistance Rz until T2 once
more draws some plate current. At this instant (t3), the grid of
T1 will be driven negative once more, having completed an entire
cycle. Thus the multivibrator oscillates, producing rectangular
current pulses as shownin the diagram, first one tube drawing cur-
rent, and thenthe other. The time to completea cycle of two pulses
is determined by the time constant CiRi and C2R2, If these time
constants are made shorter, the multivibrator will operate at a
higher frequency.
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Fig.18 Typical multivibrator for synchronizing generator.

In Fig. 17, the current pulsesof tube T1and tube T2 were shown
to have equal periods. This need notbe the case. If the time con-
stant R2C2 is made different than the time constant RiCi, then one
of the rectangular pulses will be longer than the next. Carrying
this condition to an extreme, it is possible to generate a narrow
pulse suitable for synchronizing purposes,
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If a small resistence is inserted in the cathode of one tube,
the plate current pulse can be utilized as a wvoltage pulse by de-
riving the output voltage acrossthe cathode resistor. Thisis done
in Fig. 18. In this circuit, the plate resistors areno Ionger small
compared to the grid resistors and must be figured in the time con-
stants which relateto the charge and dischargeof the coupling con-
densers. These are arranged to obtain a pulse width equal to 10%
of the time for a horizontal line. The pulses derived from the
cathode circuit are utilized as horizontal blanking pulses.
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Fig.19 Bedford—pPuckle multivibrator.

The waveforms of Fig. 18B show the mannerin which the circuit
operates. The firing time (ti) of tube T2 depends not only upon
the rising grid voltage, but also upon the rising plate voltage
since C1 is charging and C2 dischargingat the same time. This con-
dition is not true for tube T1 whose load resistor is quite small.
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The firing time of this tube {(t2) is determined almost entirely by
the discharge time of Ci., The charging time of C2 is immaterial
because it becomes completely charged long before C:i discharges.
The small condensers acrossthe grid resistor of Ti are for the
purpose of properly timing the pulse which synchronizes this stage
and will be discussed later in the lesson.
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Fig.20 pPotter multivibrator.

The Bedford-Puckle multivibrator shownin Fig. 19 was described
in a previous lesson. The operationof this circuit will not be re—
peated here except that Fig. 19B shows the wavefomsof varions por-
tions of the circuit.

Fig. 20 shows the Potter multivibrator which develops feed-
back between tubes T2 and T1 by means ofa common cathode resistor.
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This type of multivibrator has the advantage that the grid circuit
of tube T1 plays no part in the functioning of the oscillator and
thus may be used more readily for synchronizing injection. The
multivibrator shown in Fig. 18 makes use of a positive pulse for
synchronizing while the circuit of Fig. 20 uses a negative pulse.

When plate voltage is applied to the circuit of Fig. 20, the
condenser’ C charges through R: and the grid cathode resistance
of tube T2, The grid current of tube T2 limits the voltage which
can be had at that point as may be seen in one of the curves of
Fig, 20B. The grid current flowing through tube T2 places a posi-
tive voltage on the cathcde, which biases the tube T1 to cutoff.-
However, as condenser C charges, the plate voltage gradually rises
on tube T1 until it finally begins to draw some current. As soon
as current starts to flow in tube Ti, the drop across resistor Re
is still further increased, which diminishes the grid current of
tube T2, This allows the plate woltage on T1 to rise slightly and
the cathode voltage to decrease, causing the tube to suddenly draw
a considerable amount of plate curremt, driving tubte T2 to cutoff,
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synchronizing generator.
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Thus, betweenthe times t2 and t3, tube Tzis cutoff. However, con-
denser C now discharges through resistor Rz and eveotually tube T2
beginsto draw grid current, thus initiating the cycle again. Con-
denser Co plays no part in the functioning of the multivibrator,
but canses the plate voltage of tube T2 to vary in sawtooth wave-
form. If the condenser Co is omitted, the plate voltageof tube T2
is in the form of pulses of opposite polarity to those generated
across the cathode resistor.
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A Potter multivibrator circuitin the form usually usedin syn-
chronizing generators is shown in Fig. 21 in conjunction with its
output buffer tube,

5+ AUTOMATIC FREQUENCY CONTROL. In Figs. 14 and 15, the block
diagrams of the timing unit indicated a discriminator which com-
pared the phase of the 60 cycle output with the 60 cycle line fre-
quency to control the frequency of the master oscillator. The de-
tails of this circuit may be seen in Fig. 22, Let us assume for
the moment that the DC control wvoltage from the discriminator is
zero when the 6U cycle line voltage is 9U° out of phase with the
output of the last multivibrator in the timing unit. Let us fur-
ther assune that if the timing unit speeds up so that the phase of
the last multivibratoris advanced with respect to the line voltage,
the discriminator will generate a negative DC control wvoltage. If
the output of the timing unit slows down, the discriminator will
generate a positive voltage because the phaseof the timing unit is
retarded with respect to the comparison eor line frequency. In a
later paragraph, we will show how this condition is fulfilled, but
we will first show the effects of the DC control voltage which we
have assumed to exist.
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Fig.22 Automatic frequency control circuitof synchronizing gen-
erator.

In Fig. 22, the control tube has its plate circuit connected
across the tank of a Hartley oscillator. Thus, an AC voltage is
applied to the plate of the control tube. This voltageis also ap-
plied to the grid througha condenser (.UU1) and resistorin series.
The condenser is merelya blocking condenser since its reactance is
very low comparedto the resistance between plate and grid (100,000
ohms). Thus, as far as AC is concerned, it is simply a resistor
connected between the plate and gridof the control tube. A conden-
ser appears between grid and ground of the control tube. The re-
actance of this condenser is also small, comparedto the series re-
sistors The equivalent network is shown in Fig. 23A. Since the
resistance is large, the voltage across the condenser lags the in-
put voltage by 9u°,

In a pentode, the plate resistance is so high that for reas-
onable values of load impedance, the plate current is always in
phase with the grid voltage. Fig. 23B shows the voltage generated
by a pentode applied in series with its plate resistance and the

22



external loade Since Rp is large compared to the load Z, the cur-
rent will alwaysbe in phase with the applied voltage. Furthermore,
since the grid voltage is 90° out of phase with the plate voltage
as shown in Fig. 23A, then the plate current will also be 90° out
of phase with the plate voltage. Since the plate curremt lags the
plate voltage by 90°, the tube behaves as an inductance as far as
the tank circuit of Fig., 22 is concerned. Since the tubeis placed
across the tank circuit and acts like an inductance, it tends to
increase the frequency of the master oscillator.

()

(8)

2

€p |

Fig.23 oOperation considerations of AFC circuit.

The inductive reactance whichthe tube reflects acrossthe tank
circuit will depend uponthe plate current. Since X = E/I (for 90°
phase relationship), the higher the plate current, the lower will
be the inductive reactance and the greater the frequency change.
The plate current depends upon the grid bias of the control tube.
Consequently, if the grid is made less negative, the plate current
will increase and the master oscillator will be shifted toa higher
frequency. If a negative voltageis applied from the output of the
discriminator, the control tube will have less effect and the mas-
ter oscillator will go lowerin frequency. The student should note
that these changes in frejuency are exactly opposite to the changes
needed to produce the control voltage. If the masteroscillator tends
to go higher in frequency, dueto some drift on its own accord, the
discriminator will immediately generate & negative control voltage
which will act to lower the frequency of the master osciilator and
conseguently curb the tendency for the oscillator drift.

The functioning of the discriminator may be understood by the
application of vectors which was thoroughly discussed in a preced-
ing lesson. Fig. 24 shows the epplicationof this method. Suppose
that two voltages equal in freguency, but displaced 90° in phase
are inserted at points X and Y. Both of the rectifier tubes are
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supplied with voltages fromthe two transformers comnected in series.
However, the voltage across OP is 180° out of phase with the volt-
age across 0Q, because transformer X is centertapped. Fig. 24B in-
dicates that the voltage OR is 90° out of phase with each of the
other two wvoltages. The resultant voltage across tube Ti indicated
by RP in the diagram has exactly the same magnitude as the voltage
fed to T2 and indicated as RQ in the diagram. The outputs of the
two rectifiers furnish equal currentsto the load, but the currents
from these two tubes flow in opposite directionsin the load resis-
tor; consequently, the voltage drop across Ri bucksthe voltage drop
across R2 and the resultant output voltage is zero.
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Fig.24 Discriminator circuit.

Now suppose that for some reason the master oscillator was
speeded up so that the voltage appearing at transformer X is ad-
vanced slightly in phase with respect to the control voltage at
point Y. It may be seen from Fig. 24C that the voltage RP is now
smaller than the voltage RQ. In other words, the output of recti-
fier T1 hasbeen reduced while that of T2 is increased, and the drop
across Rz becomes greater than that across Ri. Because of the way
that the rectifier tubes are connected, the drop across Rz is neg-
ative and the drop across Ri is positive. Since the negative volt-
age predominates, the output of the discriminator circuit will be
negative and, as previously shown, a negative voltage operating the
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control tube will reducethe operating frequencyand thus compensate
for the drift which was originally assumed. If the oscillator tends
to slow down, the vector diagram of Fig. 24D applies and the output
of the discriminator becomes positive, increasing the frequency of
the master oscillator.

The student should notethat if the connections PQ are reversed,
the discriminator functions in such a way that any deviaiionof the
master oscillator is further increased and the frequency becomes
very unstable.
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Fig.26 Circuit for obtaining control voltageto operate AFC cir-
cuit.

Another means of obtaining a DC control voltage from changes
in oscillator frequency is shown in Figs 25, In this case, the
output of the multivibrator is applied to one tube and the 60 cycle
comparison frequency applied to a second tube whose plate circuit
is in parallel with the first. Thus, the pulse (from the multi-
vibrator) is superimposed upon the sine wave and the resultant wave
shown in Figs. 25B, C, and D is rectified in a diode, filtered by
a condenser, and applied to the control tube. The diode is biased
to such an extent that if the sine wive aloneis impressed upon it,
no current will flow and nothing will be supplied to the filter in
its output. The combination of the pulse and sine wave will pro-
duce a wave of sufficient amplitude to overcome the delay bias and
produce rectification as indicated by the broken bias line of Fig.
948, C, D. For normal conditions, the pulse will maintain s posi-
tion approximately as shown in Fig. 24B. If the master oscillator
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tends to slow down, the pulseis retarded in phase and rides higher
on the sine wave as shown in Fig. 25C. Since the diode is biased
to clip at a predetermined level, the output of the diode will be
greater if the master oscillator is slowed down. By obtaining the
control voltage from the cathode circuit of the diode, it will be
positive when the master oscillator slows down, and as previously
explained, a positive voltage will operate the control tubein such
a manner as to increase the frequency of the master oscillator.
The condition for the oscillator drifting to a higher frequency is
shown in Fig. 25D. In this case, the output from the diodeis much
smaller and the master oscillator frequency is reduced.

Aphase shifting network was indicatedin Figs. 22 and 25. The
purpose of this network is to shift the phase of the comparison
voltage so that the vertical blanking pulses will occurat any pre—
determined point on each cycle of the 60 cycle supply. You will
learn in a subsequent lesson that with the intermittent type of
motion picture projection for television, the pictureis placed up-
on the Lconoscope for onlya very small poation of the time. It is
necessary to make this interval occur during the vertical blanking
time and it is easier to shift the period of the blanking pulse
than it is to shift the phase of the motion picture projector.

60~ —
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Fig.26 Phase shifting network.

One satisfactory means of accomplishing the phase shift is
shown in Fig. 26. The inductances Li and L are placed at right
angles to each other and are wound to havea relatively high imped-
ance at 60 cycles. The 60 cycle input is supplied to a pentode
which has a capacity load in the plate circuit. Due to the high
plate resistance of the pentode and the capacity load in its plate
circuit, the output voltage is shifted 90° in phase from the input
voltage. The output voltage is applied to one coil (Lz) and the
input voltage is applied to Li. Thus we have two coils at right
angles to each other, carrying currents 90° out of phase. The stu-
dent learned in a previous %esson that this condition produces a
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rotating field. By insertingen exploring coil L3 into this rotat-
ing field, an AC voltage is produced. The phase of this voltage
canbe changed at will by varying the positionof the exploring coil.
Such & device is called a goniometer.

In the somewhat simpler and more popular circuit of Fig. 27,
a centertapped transformer is used in conjunction with a capacity
resistance phase splitting network. The voltage OX is 180° out of
phase with the voltage OY. Also, the voltage drop across the con-
denser is 90° out of phase with the voltage drop across the resis-—
tor. The vector sumof the condenser and resistor drops equals the
voltage XY. Since PX is displaced 90° from PY, and PX + PY = XJ,
it is possible to form a right angle triangle as shown in Fig. 27B
by using vectors to represent the voltage drops across the various
components. Figs 27C shows that the vector OP may be inserted to
represent the output voltage. .
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Fig.27 Resistlance-capacity phase shifting network.

Since the voltage XY is constant, the sumof the voltage drops
through the condenser and the resistor will also be constant. If
the size of the resistor is changed, the only effectis to vary the
proportion of the voltage drop across the condenser and the resis-
tor. Furthermore, these two voltage drops are always 30° out of
phase, regardless of their relative magnitudes. With various size
resistorsas shown in Figs. 27C and 27D, it will be found that point
P always lies on the circumference ofa circle whose diameteris XY.
Since the radius of a circle is the same regardless of its direc-
tion, the output voltage, OP, will have a constant magnitude and a
phase whichis variable through 180° as the resistoris rotated from
a short circuit to an open circuit.

6. SHAPING AND DELAYING CIRCULTS; SQUARING THE PULSE. The
wave shaping unit of a synchrohizing circuit is called uponto per—
form three major functions. First, it must be able to square a wave
to have the desired wave front or slopeas shown in Fig. 1. Second,
it must vary the width of a pulse to the desired amount, either by
making it wideror narrowers Third, it mustbe able to delaya pulse
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by the proper time interval. Itisnot possible to speed upa pulse
since, obviously, the pulse could not arriveat the end ofa network
before it started out.

The usual method of forming a square wave is to pass a pulse
or wave through an amplifier havinga limited available grid swing.
By overswinging the tube in either direction, the wave is effec—
tively chopped off. Two circuits are available for doing this, and
both of these have been described before for a different purpose.
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Fig.28 Formation of square wave by limited negative grid swing.

If.a tube is biased as shown in Fig. 28, and is supplied with
a large voltage swing; only a portion of this swing will appear in
the plate circuit as shown. If the output of this stageis applied
to a second stage, the reverse sideof the wave will be clipped and
& square wave having sloping sides will be created. Thus, it is
possible to create a square wave froma sine wave ina double triode.
In comparing Figs. 28A and 28B, the student should realize that the
output wave of Fig. 28B represents the plate current pulses; while
the waveform shown in Fig. 28A represents the plate voltage wave-
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form. Asin any resistance-coupled smplifier, the two are 180° out
of phase.

The process shown in Fig. 28 need not be limited to one stage,
and if several clipper stages are employed, the slopeof the resul-
tant square wave becomes steeper and steeper. This effect, may be
seen in Fig. 29. Figs. 29A through Fig. 29F represent the voltage
waveforms on the grids of successive ciipper tubess It is obvious
that each tube functions not only as a clipper, but alscas an amp—
lifier and, since the wave applied to the gridsof successive stages
becomes larger (until the grids are driven positive), orly a small
portion of the wave can be accepted by the stage. As the wave be-
comes steeper, the percentageof harmonics containedin it increases
and the latter clipper stages must have low values of plate resis-
tors in order to preserve a uniform responseto the fundamental and
all of the harmonics containedin the square wave. Ifean exceeding-
ly steep waveform is desired, it may even be necessary to employ
shunt peaking or some other form of high frequency correctionas in
video smplifier practice.
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Fig.29 Formation of square wave by successive cutoff,
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A large number of stages were shown in Fig. 29 to illustrate
the principle of controlling the slope of the square wave. This
method would not be economically practical, and more thantwo stages
are seldom useds In this case, the desired steepness is obtained
by starting out with a very large sine wave and restricting the
swing of the amplifier tube by lowering the plate voltage. This
causes the cutoff bias to occur at a much lower value and conse-
quently only a smaller portion of the input waveis accepted by the
amplifier.

Battery bias was shown in Fig. 29, but the common practice is
to let the amplifier tube develop its own bias by the process of
leveling. This process is similar to the DC restoratiom circuit
studied in a previous lesson, except that in this case the grid of




the amplifier tube itself, rather than a separate diode, performs
the leveling action. If the amplifier tubesof Fig. 30 are operated
initially without bias and the grid resistors are chosen to have a
value between 100,000 ohms and several megohms, a bias charge will
be builtup across the coupling condenser Cis. Dueto the high value
of the grid resistor, the coupling condenser C: can have a low ca-
pacity without upsetting thé low frequency response of the ampli-
fier.
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Fig.30 Application of leveling to wave shaping circuits.

During the positive half of the grid swing, the grid will
draw current, which will cause it to have a low grid-— cathode or
grid to ground impedance. Since this impedance is low compared to
the reactance of the coupling condenser, the grid cannot be swung
very far in the positive direction and most of the drop will occur
across the coupling condenser. On the negative half of the cycle,
a low impedance no longer exists between grid and ground. Since
the couphng condenser has a low impedance comparedto the grid re-
sistor R1 in Fig. 3V, practically allof the drop will occur across
the grid resistor. Thus the coupling condenser has accumulated a
charge from grid current flow which it maintains, diminishedby on-
ly a small amount during the cycle, dueto.the energy leaked off by
the grid resistor. A small sawtooth variation in the effective bias
is generated, but this is of no consequence. Evenif the reactance

Y
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Fig.31 sSymmetrical and unsymmetrical square waves.

of Ct is quite low, it will still charge up to bias the tube T: im
such a way that the peak value of the wave appliedto its grid will
just equal the zero bias. This condition will not take place dur-
ingthe first several cycles; but since the charge path forthe con-
denser is always much lower resistance than the discharge path Ri
the condenser will eventually reach the correct charge to set the
bias on tube T: at the necessary value.

Each successive stage limits the peakof the swingto zero bias
and the axis of the wave is shifted in & negative directionso that

30



most of the wave is depressed below the cutoff bias level. With
this type of circuit, the gain per stage and the value of the ini-
tial input wave must be carefully chosen if the square wave is to
be symmetrical. A symmetrical square wave is illustrated in Fig.
314 and is distinguished by the fact that the duratiom X and the
duration Y are equal. An unsymmetrical square wave takes the form
of a pulse as shown in Fig. 31B, having unequal values of X and Y.
In synchronizing generators, a symmetricelly square wave is never
needed and consequently the componentsof the circuit shown in Fig.
30 need not be critical.
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Fig.32 Formation of square wave by limited positive grid swing.
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The second basic method of forming a square wave is shown in
Fig. 32. In this case the positive half of the wave, rather than
the negative half is trimmed. This is done by inserting a series
resistor between the input terminal and the grid of the tube. This
resistor has a high impedance compared to the grid—cathode imped-
ance of the amplifier tube when the grid is positive, and most of
the positive cyclewill occur asa drop across Ri. Therefore, prac—
tically none of the positive portionof the cycle will be impressed
on the gridof the amplifier tubes This condition is shown in Fig.
32B. Ifin addition the cutoff biasis properly chosen, the negative
half of the cycle will also be trimmed in the amplifier tube and a
square wave will be formedin the single iube as shown in Fig. 32C.
By employing partial leveling, the bias battery may be omitted from
this circuit.
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Fig.33 wave shaping
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ingand double clipping.
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The simplified circuit is shown in Fiz. 33. If the time con-
stant CR2 is chosen so that an appreciable amount of the charge on
the coupling condenserwill be leaked off between cycles, then part
of the positive swing will appearas a drop across Ri. Nevertheless,
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the charging path for the condenser is the combination Ri and Ro,
while the discharge path is simply the value R2. This is due to
the fact that the tube is drawing grid current on the charge por-
tion of the cycle, but has an infinite grid impedance on the nega-
tive portion of the cycle. Since the charge and discharge paths

L e
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Fig.3% Decreasing pulse width by differentiation.

for the coupling condenser are unequal, it will accumulate a bias
vwhich canbe made the desired value for the amplifier tube by prop-
erly choosing the wvalues C, Ri, and R2. Since the values chosen
depend upon the amplitude of the input signal, they are generally
selected by a cut and try process.

7. CONTROLLING THE PULSE WIDTH. In synchronizing generstors,
it is necessary not only to form square wavés, butto vary the rel-
ative duration of alternate half-cycles as was illustrated in Fig.

= B+

Fig.35 simplified tircuit for decreasing pulse width,

31. This is another way of saying that the duration of the pulses
must be controlleds You have already learned in this and preced-
ing lessons that the duration of a pulse from &z blocking tube os-
cillator or a multivibrator may be controlled by suitable choice of
the circuit components. In some synchronizing generators, multi-
vibrators and blocking tube oscillators are used to generate pulses
of varying widths by synchronizing them from either a symmetrical
square wave, a narrow pulse, or occasionally froma sine wave. Some
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engineers do not consider it good practice to generate a standard
synchronizing wave from circuits which employ synchromizingin them-
'selves, because this increases the possibilities of inaccuracy in
timing or of an oscillator failingto synchronize altogether. Most
synchronizing generators start out by generatinga square wave with
correct frequency ina timing unit and then developing the correct
duration of the pulse in non-oscillating circuits in the shaping
unit.
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Fig.36 Controlling pulse width balancing positive and negative
pulses.

It is more often necessary to narrowa pulse than to widen it.
The best way of doing this is to pass-the wave through a high-pass
filter to remove the low frequency components, then pick offa por-
tion of the wave, and square it up agarn. The first step in the
process is shown in Fig. 344, depicting the resultant waveform in
passing a square wave through & capacity-resistance network having
s small time constant. The second step in the process, shown in
Fig. 34B, indicates how a double triode with both sections biased
beyond cutoff may be used to pick'out a small portion of the dis-
torted wave and square it up, resulting in a pulse that is narrow,
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compared to the original pulse, but which hasa leading edge begin-
ning at exactly the same time as the original square wave.

It is possible to perform this entire functionin ome tube and
its associated components as shown in Fig. 35. This is a combina-
tion of several circuits whichwe have just studied. The wave dis-
tortion or differentiation produced by CiR: of Fig, 35 is the same
process which was discussed- under Fig. 34A. The methodof squaring
the pulse in the amplifier stage was discussed under Figs. 32 and

33.

Another method of forming a symmetrical square wave into a
narrow pulse is to combine two identical square waves which are al-
most but not quite 180° out of phase. When thisis done, the waves
will cancel out during most of the time, but will add over a small
portion of the cycle. This is best understood by referrifgto Fig.
36. The amplifier tube T4 is fed by the combination of two waves
in parallel. These two waves are derived from the square wave
through two amplifiers, one havinga single stage and the other hav-
ing two stapes. The extra stage in one of the chains servesto in-
vert the polarity of the wave by 180°, Furthermore, the two stage
circuit has a network which delays the square wave very slightly.
How this is accomplished will be discussed in the following sec-
tion. Fig. 36B shows the effect of combining the waves from the
two amplifiers. The output of the two stage amplifier is shown by
the dotted wave. The output of the other amplifieris shown by the
solid curve. During most of the time these two waves are opposite
in phase and cancel out. During a small interval, such as between
A and A', the waves are in phase and add as shown. The amplifier
tube T4 serves to accept only the positive cycle, creatinga narrow
pulse which is controllable by the amount of delay introduced in
the two stage amplifier.

~ s ik PLATE
Fig.37 Simple circuit —l “ ll ” H “

whithis not suitable for
forming serrated pulses

from equalizing pulses. ll || ”,” ” DESIRED

For certain applications it is necessary to increase the width
of a pulse. This may be done, for instance, to form a serrated
vertical wave from a 26 kilocycle square wave pulse. If a narrow
wave of positive polarity is passed through an amplifier stage, it
is inverted, but it may also be considered as a positive wave with
much longer duration. Unfortunately, the leading edge of the re-
sulting wide pulse does mot occur at the same time as the leading
edge of the narrow pulse which fed the amplifier stage. This is
illustrated in Fig. 37.

34



A wide pulse can be made from a narrow one without introduc—
ing a great deal of time shift, by incorporating a low-pass filter
in the grid circuit of an amplifier which is adjusted to cutoff.
Fig. 38 indicatesa typical circuit applying this method. The low-
pass filter formed by RC creates a distorted sawtooth from the
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Fig.38 Circuit for increasing pulse widtn,

narrow pulse which drives its The first amplifier passes prac-
tically all of the sawtooth as shown by the broken line represent-
ing cutoff bias. The second stage, which receives the inverted and
amplified wave, cuts off most of the sawtooth and passes a wave
which is essentially square; begimning at almost the same time as
the original pulse, but of longer duration.
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Fig.39 Microtcme circuit for selecting proper pulse width,
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Another method of wideninga narrow pulse is shown in Fig. 39.
In this case, the pulse is used to drivean ordinary discharge cir-
cuit, generating a sawtooth. A portion is sliced out of the saw-
tooth to form the square wave. This is done bya single tube using
the two methods for squaring previously described.

8. DELAYING THE PULSE. Under the heading of Electronic Gen-
erators, it was seen that it "is often necessary to delay a pulse
either duringor after its formation. The circuit shown in Fig. 38,
with slight modifications, may be used to delaya square wave. This
circuit is generally used for the double purpose of obtaining the
right width of square wave and the correct amount of delay. All
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that is necessary is to shift the bias of the first tube shown in
Fig, 38 in order to control the amount of delay and the width of
the squarewave generated. Fig. 40 shows more clearly the operation
of the circuit. If the biason the first amplifier tubeis increased
the result is to increase the delay and reduce the widthof the re—
sulting pulse.

T2
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Fig.¥40 Circuit for delaying rectangular pulses.

In the type of synchronizing generators which form the pulses
by triggering blocking tube oscillators or multivibrators, it is
only necessary to delay the synchronizing pul'se which is usually a
form of a sharp transient. One method of securing a delayed tran—
sient to fire the oscillator is to excite a highly damped tuned
circuit, which will generate a damped oscillation. By suitably ar-
ranging the polarity of the synchronizing wave, it is possible to
pick off a portion of the transient which is delayed from the ini-
tial pulse that caused it. Fig. 41 shows how this may be done.

SYNC.

— --“ﬂ MULTTY |BRATOR

3 LINES WIDE

VERTICeL
BLANKING

Fig.41 Circuit for controlling the firing time of a relaxation
oscillator.

Suppose we wishto form the vertical synchronizing pulse which
is delayed from the start of the vertical hlanking pulse by three
horizontal liness The vertical blanking pulse is applied to the
gridof the amplifier tube in Figs 41. The tuned circuit connected
in its plate circuit generatesa damped oscillation, and a 60 cycle
multivibrator which this oscillation synchromizes is arranged to
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fire only on a negative pulse. If we want a certain amount of de-
lay, equal to X, then the tuned circuit LiCi is chosen ta resonate
at such a frequency that the time X represents three-fourths of a
complete cycle. The multivibrator will fireat time O on the graph
of Pig. 41. It will not fire at time T, which is also a negative
pulse, because this occurs soon after the multivibrator has just
fired, and the conditions in its discharge circuit are such as to
preventits firing again unlessa pulse of extremely large magnitude
is applied.
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Fig.42 Circuit for the formation of serrated pulses.

In transporting the signal from one partof the chainto another
over long lengths of coaxial line or through networks in various
sections of the studio equipment, an. unavoidable delayis occasion-
ally introduced. When this condition exists, it is desirable to
advance the phase of the pulse as it is generated. The necessity
for advancing a pulse likewise occurs in the formation of the ser-
rated vertical by widening the equalizing pulses. The circuits of
Figs. 98 and 39 introduce a slight delay in the leading edgeof the
wide pulses which were formed from the narrow input pulses.
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As mentioned previously, it is not possible to advancea pulse
and still maintain a steep wavefront. The delaying of a pulse by
a time equal to 95% of one full line is the same thingas advancing
the following pulse by 5% of one line. This would be difficult to
do in practice, but it is entirely practical to invert the phase of
& symmetrical square wave, pick off the opposite half cycle, and
delay it almost half the distance between pulses. This is illus~
trated in Fig, 42. The original square wave snd the desired ser—
rated vertical wave are shown together in Figs. 424 and B. Curve
C is the square wave after it has gone through the first amplifier
tube. The triangular wave at D is generated from this square wave
by passingit through the low-pass filter connected in the grid cir-
cuit of the second stage. The second stage is adjusted to trim the
wave at zero biasand cutoff bias, resulting ina plate circuit wave
shown as curve E. This is passed through the high- pass filter RC
which distorts the square wave at F. The third amplifier tube is
also adjusted to trim between zero bias and cutoff bias, thereby
producing in its plate and cathode circuit a narrow pulse whose
leading edge occurs at time ti. The trailing edge occurs at time
t2. These pulses which appear in the cathode circuit as curve G
are easily recognized as being identical with the desired serrated
vertical drawn as curve B.
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Fig.43 Detailed keying circuit.
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9. MIXING AND OUTPUT CIRCUITS. In Sections 1 and 2 of this
lesson, the functions of the various partsof the electronic gener—
ator were described together with the reasons for generating the
various types of wavess In Sections 3-8, as well as in this sec-
tion, detailed circuits were discussed for performing the individu-
al functions. Before reading through this section on mixing and
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output circuits, the student should turn to Figs. 1, 7, 8, 9, and
10, for a brief review of the purpose and function of the mixing
and output circuits. InPig. 10, for example, square wavesof vari-
ous durations and occurring at various times are used to key in and
out the various waveforms that make up the supersync.

A keying circuit is essentiallya modulating stage which modu-
lates between full-on and full-off for a certain interval of time.
This is done by applying the wave to be keyed to one element of a
vacuum tube and applying the keying pulses to another element.
Triodes or tetrodes may be used, and the keying pulses may be ap-
plied to either the control grid, screen grid, or cathode of the
tube, depending upon whether positive or negative polarity is de-
sired.

Fig. 43 shows the circuit used for keying in the equalizing
pulses which occur before and after the vertical synchronizing
pulsese The circuit is seem to consistof three triodes which per—
form the double keying function described under Fig. 10. A three
line wide pulse is used to key a hole in the middle of a 9 line
pulse. The resultant waveform is used to key in the equalizing
pulses in tube Ts. The waveforms shown in Fig. 43.do not have the
same polarity as those of Fig. 10. The reason for thisis that the
tubes in the schematic diagram of Fig. 43 invert the polarityas in
any amplifier when a signal is impressed on the grid and taken out
at the plate. All waveforms were shown in Fig. 10 as if they were
positive, since this simplified the explanation of the blaock dia~
gram and no actual circuits were indicated.
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Returding to Pig. 43, tube T2 serves as a buffer and is not
strictly necessary. Since it is cathode loaded, the polarity is
not inverted through this stage. Tube T1 is normally biased to
cutoff, but is driven to considerable plate current by the 9 line
wide pulse. During part of this pulse, the plate current is agaln
driven to zero by a positive pulse introduced into the cathode of
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sufficient magnitude to cut the tube off. The resultant waveform
is shown opposite the plate of this tube andis applied through the
buffer to the cathode of tube T3, Tube T3 is also biased to cutoff
and conducts only when its cathodeis driven negative by the buffer
tube T2, Thus, tube T3 passes the equalizing pulses only during
the interval shown.
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Fig.45 signa) mixing circuits.

All of the keying circuits used are variations of this funda-
mental type. One typical variation is to place the keying pulse
on the control grid and the equalizing pulses on the cathode, as
shown in Fig. 44. This simply reverses the polarity of the input
wave and may be used to suit the convenience of the desigmer. A
double triode with a single cathode could be used conveniently in
this circuit.
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The mixing circuits in the synchronizing generator necessa~
ry to secure the supersync and the combined blanking signals are
simply amplifier tubes whose outputs are in parallel, but which
have individual input terminals. The common load in the output
circuit may be in either the plate circuit or the cathode circuit
as shown in Fig. 45. There is very little difference between the
function of a keying stage and a mixing stage, and a keying stage
can be arranged to perform the function of a mixer. Fig. 4% shows
how this may be done in the case of a stage which mixes the hori-
zontal and vertical blanking. In this stage, both of the blanking
pulses occur in the direction of cutoff. The tube is arranged so
that either the horizontal or verticel blanking pulses drive ‘the
stage to cutoff; consequently, the two signals may be mixed without
having the horizontal impulses superimposed on top of the vertical
pulses during the time of the vertical blanking out.
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Fig.46 Alterrative mixing circuit,

Turning back to Fig. 8, you will notice that five different
types of output signals are required and that each output waveform
has several output terminals. All of théseoutput terminals prefer-
ably include buffers between the shaping unit and the conmections
to the various concentric lines, or shielded wires, which feed
various portionsof the studio equipment. These buffersare prefer—
ably cathode coupled, since this method reduces the output imped-
ance of the buffer stage, and also lessens the effects of power
supply "bounce" and hum in upsetting the wave shape. Where either
a positive or negative signal may be desired, a load resistor can
also be included in the plate circuit of the output stage. Figs..
47A and 47B show arrangements for cathode coupled output stages,
and for cathode and plate loaded output stages. The advantages
which accrue from cathode loading an amplifier will be discussed
under a separate topic heading of this lesson.

The arrangement necessary for securing the variousoutput wave-
forms were shown in the block diagram of Fig., 8. More detailed
circuits necessary for shaping and delaying the pulses were dis-
cussed in the preceding two sections of the lesson. Flg. 48 shows
the desired shapesof the various output pulses. There isof course
considerable leeway permissible in the duration of the Icomoscope
blanking and the vertical and horizontal driving pulses.
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Fig.47 Synchronizing generator output circuits.

10, MECHANICAL SYNCHRONIZING GENERATORS. Mechanical synchron—
izing generators may be divided into two general classes. First,
the generator whose purpose isto create the 26,460 or 13,230 cycle
signal, these signals being suppliedto electronic shaping circuits
similarto those already described. Second, the electre—mechanical
means of generating the entire RMA standard synchronizing signal
and other special pulses.

In generating simple pulses ata frequency of 13,230 or 26,460
cycles, several methods are available. The oldest and most widely
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used method is to rotate a perforated disc between a light source
and a photocell. The apertures in the disc transmit light in the
forn of discrete pulses which are picked up by the photocell and
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Fig.48 Relative timing and duration of synchronizing generator
output pulses. .

subsequently smoothed out by sharply tuned circuits in a vacuum
tube amplifier. The perforated disc is driven with an 1300 rpm
synchronous motor from the 60 cycle supply line. Conseguently,
the synchronizing disc will drift in accordance with changes in
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Fig.49 sSlotted disc mechanical synchronizing generator.

phase of the 60 cycle line voltage. This isa desirable and neces-
sary feature. Fig. 49 shows a sketch of such a synchronizing gen-
erator. Extreme precision is required in locating the slots, but
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they can be located with an optical dividing head, to the required
accuracys The slots not only must be accurately located, but must
have identical widths, in order to maintain the timing and size of
every synchronizing pulse exactlythe same. Small particlesof dust
and dirt in the slots are sufficient to upset the quality of the
synchronizing, However, inaccuracy between individual pulses can
be ironed out as previously mentioned with sharply tuned, or even
regenerative amplifiers. This system hasthe disadvantage that the
high Q circuitswill not allowthe frequency of the horizontal pulses
to change with slight changesin phase of the 60 cycle line voltage.

In addition to the horizontal synchronizing slots, two other
slots are cut in the disc. An additional lamp house and photocell
is used to project through this slot to secure the 60 cycle verti-
cal synchronizing pulse. Other rows of slots may be cut in the
disc to secure special pulses, suchas the Iconoscope blanking pulse
and the driving pulses for the deflection circuits.

Fig.50 Phonic wheel.

Another type of synchronizing gemerator is an adaptation of
the phonic wheels The phonic wheel will be described in a later
lesson in this unit, but a brief description will be given here.
Fig. 50 is a drawing of a simple phonic wheel, If the armature is
rotated between the poles of a magnet, the flux between the poles
will be disturbed as each tooth of the phonic wheel passesin front
of the pole. This disturbance in the magnetic fieldwill induce, in
the stator winding, current pulses which can be used for synchro-
nizing in conjunction with a suitable amplifier and shaping cir-
cuit. Irregularities in the teeth or eccentricity in the drive
would result in extremely poor synchronizing, but this can be re-
duced to some extent by increasing the number of poles on the sta-
tors If a large number of poles are used, the irregularities in
the teeth will tend to cancel out. The simple phonic wheelof Fig.
50 would become rather unwieldy when used for 441-line television,
and since this method has been largely superseded by more satisfac-
tory types of mechanical generators, it will not be discussed fur-
ther‘.

A mechanical generator making use of the disturbances in am
electrostatic field, as contrasted to the magnetic disturbances in
the phonic wheel, is shown in Fig. 51. This generatorwas developed
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by the Scophony Company for operation on 405-line English televis-
ion, but is entirely adaptable to 441-line systems. It consists of
a toothed disc which rotates betweentwo tocthed stator rings. The
stator rings form two plates of a condenser and as the rotor teeth
pass between the stator teeth, the capacity of the condenser changes.
This condenser may be used either in a tuned circuit to supply out-
put pulses, or may be operated aperiodically by placing a large
charge on the condenser and making use of the changes in current
which flow in a load circuit when the capacity of the condenser is
changed. The operation of the circuit is quite similar to the now
obsolete condenser microphone. One practical circuit for making use
of the pulses generated by the Scophony synchronizing generator is
shown in Fig. % :

Fig.51 Scophony synchronizing wheel.

Of the several types of mechanical generators just desecribed,
the Scophony system furnishes the highest quality synchrenizing
pulses. One reason for this is the large numberof teeth which are
acting in parallel simultaneously. Thus, any irregularityis aver-
aged out in the resultant output. Considerable eccentricityof the
driving shaft can be tolerated as well as misalignment of the ro—
tating disc. The mechanical inertia of such a system prevents
rapid fluctuations in the horizontal synchronizing pulses. This
is highly desirable, if not entirely essential, to the correct op-
eration of a mechanical receiver such as the Scophony projection
receiver.

An electronic generatorof the type previously described tends
to fluctuate slightly above and below the mean frequency at a rate
of approximately 100 to 300 cvcles per second. The contral cir—
cuit of the electronic generator swings first to one side and then
the otherof the mean carrier frequency. The oscillationsare quite
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small in magmitude, but are sufficient to upset the performance of
a mechanical receiver. This is of little consequence in an elec—
tronic type of receiver since the deflection circuits can easily
follow the very small changes in frequency.

As previously stated, all of the aforementioned mechanical
generators still depend upon electronic means to develop the com—
plicated wave shapes necessary for modern television. Since the
shaping and output circuits form the bulk of an electronic genera-—
tor, there is little to be gained from a mechanical generator ex-
cept the stabilizing influence of the mechanical inertia.
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Fig.52 <Circuit used in conjunction with Scophony wheel.

Optical systems, such as the one first described in this sec—
tion, may be made to produce the entire group of complicated wave—
forms necessary for RMA standard synchronizing pulses. In this
case, however, it would be impossible to utilize the smoothing
circuits which are sometimes used with mechanical generators. If
the entire group of standard pulses areto be incorporated upon the
synchronizing disc, it is preferable to print them upon the disc by
Photographic reduction from a large master plate. Reflected light
from the disc cau be used instead of the light transmitted through
narrow slots, The wechanical tolerances required might well prove
prohibitive in such a system although it has not been thoroughly
investigated to date.

Suppose that a master layout sheet six feet in diameter were
used. The synchronizing pulses would be laid out ona circumference
having a total length of almost 19 feet, or 216 inches. Even on
this larze a scale, a horizontal synchronizing pulse would be in-
dicated by a line only slightly more than 1/32 inch in width (.U39
inch). In order to prevent inaccuracies of the synchronizing in
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excess of one picture element, the synchronizing pulse would have
to be located to within .00U8 inch and each pulse wonld have to be
identical to within this figure if 400-line resolutionin the hori-
zontal direction is taken as the standard. This tolerance is .001
inch, roughly, and while it would be practical to make suck a mas-
ter disc, it is doubtful if the same percentage of accuracy counld
be maintained in the photographic reduction for the synchronizing
generator disc.
_4

(o) —

Fig.53 applicetions of cathode degeneration,

11. CATHODE DEGENERATION. In this lesson andin other places
throughout the course, circuits have been given with unbypassed
cathode resistors when the load for the tube is in the plate cir-
cuit; in some instances the output was taken from the cathode cir-
cuit of the tube. Some interesting results are secured whenan un-
bypassed cathode resistor is used, whether it is the oaly load for
the tube or not. The advantages to be acquired by such operation
may be listed as follows:

(1) Reduction in output impedance
(2) Improved linearity

(3) Reduction in input capacity

(4) Increase in input resistance

(5) Sharper cutoff characteristic
(6) More usable grid and plate swing

The above points will be considered in the order of listing.
Consider Fig. 53A. A reduction in output impedance means <hat the
cathode loaded stage acts to reduce the effect of changesin output
impedance and changes in supply voltage., If the load is placed
in the cathode circuit and some disturbence occurs in the output
circuit, this disturbance will be minimized by the effectof cathode
loading the tube. Suppose that the output voltage Eout temnds to
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increase. This will cause the cathode of the amplifier to go pos—
itive, thereby reducing the cathode and plate current. The reduc-
tion in cathode current tendsto decrease the drop through the load
resistor RiL and this partially compensates for the tendency of the
output voltage to rise. If the output voltage tends to diminish,
the amplifier tnbe draws more:current because of its reduced bias,
and this tends to prevent the decreasein output voltage. The tube
therefore hasa stabilizing influence upon the output and acts like
a low impedance sourceof voltage. The higher the transconductance
of the tube, the greater willbe this effect. The effective output
impedance of the tube will appear in parallel with the load resis—
tor. The valueof this output impedence (not counting the lgad re-
sistor which it parallels) is given by the following formula:

Zout = é:‘

An additional adventage of coupling from the cathode circuit
is that the termination resistor of a concentric line may serve as
the load resistor for the tube. If the value of the line termina-
tion is not the correct cathode resistance for the amplifier tube,
more resistance can be added in seriesto make up the difference as
shown in Fig. 53B. When the alternative method (shown in Fig. 53C)
is used, and the transmission line fed from the plate circuit, the
power supply impedance becomes comparable to the load resistor Rt.
If the decoupling metwork CdRd is inserted to avoid the disturbing
influence of the complex power supply impedance, the condenser Cd
must have a very large capacity. This is dueto the fact that RiCd
must havea large time constant, and Rtis quite small (70-200 ohms).

In the circuit of Fig. 53C, any hum or voltage surges in the
Power'supply are applied directly to the grid of T2; while in the
case representedby Fig, 53B, humand line surges have little effect
upon the output.

By incorporating an unbypassed cathode resistor in an ampli-
fier, the linearity is improved considerably. Fig. 54 shows the
grid voltage-plate current curve for an 1852 tube operated with a
plate voltage of 300 volts and a load resistor of 1500 ohms. This
is a typicgf value for video amplifiers. The left hand curve shows
the performance of the tube with the cathode bypass condenser in
place, while the right hand curve shows the considerable improve-
ment in linearity which results from leaving the 1,000 ohm cathode
resistor unbypassed.

The improvement is obtained at the expenseof the tube's gain.
This is shown by the different scales used for the input voltage,
and it will be seen that it takes approximately ten times the input
for this particular example, whenthe cathode resistoris unbypassed.
The loss of gain would not be nearly as great if a normal value of
cathode resistor (160 ohms) had been used, but in this case the
improvement in linearity likewise would not be so great.

For values of load resistance which are low compared to the
plate resistance of the tube, the gain of the stage shown in Fig.
h3A will be given as follows:
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linearity.

Effect of cathode degeneration upon
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The reduction in gain for a tube operated with an unbypassed
cathode resistor may not be a very serious problem, due to the re-
duction in input capacity which accompanies this circuit arrange-
ment, It is easy to obtain a mental picture of just how this re-
duction in input capacity occurs by comsidering Fig. 55. If there
is a changein the potential between the grid and the other elements
of the tube, electrostatic lines of force will exist between these
elements and a capacity current will flow into or out of the grid.
Suppose we represent a change of one volt as producingone electro-
static line of force. In Fig. 55A, an instant is considered just
after the grid has swung in the positive direction by four volts,

) . B

(c)

= B+

(8)

Fig.55 Effect of cathode degeneration upon input capacity.

It is seen that four lines of force exist between the grid and
screen and between the grid and cathode. This represents a defi-
nite amount of capacity current which must flow into the grid to
charge up this electrostatic capacity. In Fig. 55B, an unbypassed
cathode resistor is employed, and the screen is bypassed to the
cathode. In this case, as the gridis swung positiveby four volts,
a positive potential of two wolts appears on the cathode. The
screen is likewise changed by two volts. Thus, the change in po-
tential between the grid and the other elements is only two volts,
instead of four as previously. Fewer electro-talic lines of force
will exist and less capacity current will be requiredto charge the
interelectrode capacities. Since X = E/I, the capacitive reactance
is smaller in the case of cathode loading than fora bypassed cath—
ode resistor. For a given change in grid voltage, there has been
a smaller capacity current and the effective input capacity of the
tube is therefore less. In the case of a triode, only the grid-
cathode capacity is reduced by this means; the grid-plate capacity
still exists,

If, in Fig. H5B, the screen had been bypassed to ground in-
stead of to the cathode, the control grid-screen grid capacity
would not have been reduced, but only the grid-cathode capacity.
The amount of input capacity reduction for pentode connection is
given by the following formula:

1

Input capacity reduction factor =K = A
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The normal Cin shouldbe multiplied by K to obtainthe apparent Cin,

Retumin% now to the previous statement that the loss in gain
of a cathode loaded tube is not necessarily an importamt factor,
the student should realize that if the loss in gain is accompanied
by a reduction in input capacity, it is often possible to increase
the gain ofa preceding tube due to the lower capacity loading, and
this partially compensates for the loss in gainof the degenerative
(cathode-loaded) stage.

The approach to the foregoing problem can be carried a little
further to explain the "Miller Effect" which vou studied in a pre-
vious lesson. In that case, the input capacity of a triode was
given by the following formula:

C =-Cgx + Cgp(1+4)

The term A denoted the gainof the stage considered. Comsider Fig.
H5C. If the grid voltageof the amplifier stage has been increased
four volts, the plate voltage would be reduced a certain amount,
depending upon the gain of the tube. Thisis true because the grid
and plate voltages of an amplifier stage are 180° out of phase.
If the triode considered had a gain of three, then the plate volt-
age wouldbe reduced by 12 volts when the grid voltage was increased
by 4. Thus, the difference in potential between thé grid and plate
would be 16 volts, and 16 lines of force would be set up between
these points. To charge this condenser by suchan amount would re-
quire a large capacity current flowing in the grid circuit. This
corresponds to a high effective grid- plate capacity. Thus, the
grid-plate capacityof the tube would seem to be Cgp X (1+4), where
Cgp is the static grid-plate capacity.

F—

ode ading upon input Ein

Fi?.56 Effect of cath—
o
resistance.

Not only capacity current but in-phaseor resistancecurrent is
also reduced by the applicationof cathode degeneration. The reason
for this is exactly the same as the reasoning applied in eonsider-
ing the effect of input capacity reduction; namely, the changes in
grid voltage are accompanied by corresponding changes in cathode
voltage so that the difference.in potential between these two points
is reduced. Consequently, the currents flowingin the grid circuit
are likewise reduced and the apparent input resistance of the tube
is increased.

Referring specifically to synchronizing generators and control
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room equipment, the increase in input resistance has the advantage
that smaller coupling condensers may be used. This comes about due
to the fact that not only the tube resistance, but the resistance
of the grid leak will be increased if itis returned to the cathode
as shown in Fig. H6. As the grid voltage increases, the grid re—
turn at point A comes up to meet it, and the reduced drop across
Rt results in a smaller current than would normally flow in this
resistor. Since R = Ein/I, the effective input resistance has been
increased and condenser Cc may be chosen to have a small value.
The effective input resistance is given by the following formula
relative to the notation of Fig. 56:

Rin = Ry x 1
1- — Rs
GI; + Rz + Ra

Returning to Fig. 54, it is apparent that improved linearity
also results ina sharper cutoff of plate ‘current versus grid volt-
age. The grid swing necessary to cut the tube off may be reduced
by lowering the screen voltage. When this is done in conjunction
with cathode loading or degeneration, the limited grid swing and
sharp cutoff characteristic makes the tube ideally suited to the
function of an output amplifierin the control room video circuits.
The student should recall that for this purpose the blanking sig-
nals were included in the video amplifier stage ahead of the out-
put stage. The output stagewas then driven to cutoffby the blank-
ing signal which determines the absolute black level of the signal.
Unless the tube has a sharp cutoff characteristic, the blackof the
picture, which occurs near the blanking level (cutoff point on the
output stage) will be saturated due to the curvature of the tube
characteristic. In other words, a sharp cutoff characteristic,
which may be achieved by cathode degeneration, avoids a decrease
in the contrast of the shadows or dark tones in the picture.

Another advantage of cathode degeneration which comes about
due to the improved Tinea.rity, is that we are ableto take advantage
of the full plate current swing of the stage. Thus, the output
voltage can be increased if there is sufficient available grid
swing. This is relatively unimportant in low level video stages,
but becomes more and more important in high level video stages, as
you will discover in a later lesson.

12. REGULATED POWER SUPPLIES. In synchronizing generators,
as well as in other parts of the studio equipment, regulated power
supplies are necessary to maintain a constant output voltage in
spite of changesin line voltage. Regulating the power supply also
removes residual hum from the filter section. Some types of regu-
lated power supplies, and most all of those used for television,
also regulate against load changes. Since they maintaina constant
output voltage in spite of changes in load current, they are said
to have a low internal impedance. A good power supply will have
an internal impedance of from 3 to 10 ohms for a 250 volt output,
unless extremely large load current changes are involved. This
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value is considerably lower than heavy duty dry B batteries, and
approaches the internal resistance of a bank of ordinary storage
batteries. The low effective internal impedanceof the pack allows
us to operate several stages or several units froma regulated pack
without excessive crosst between them. The internal impedance
is pot low enough to obviate the use of decoupling networks, but
it makes the problem somewhat easier.

Since the regulator in a regulated pack eliminates the effect
ofinput voltage changes, it makesno distinction between line volt-—
age changes and changes at a 60 cycle rate dueto insufficient fil-
tering. Thus, hum is considerably reduced. A typical pack will
have a hum voltage of approximately .01 to .001 volt for a DC out—
put voltage of 2%0 volts.

A further advantage of .the regulated pack, although somewhat
less important, is the fact that they may be set to a predeter—
mined voltage, and will maintain this voltage, regardless of the
output voltage of the rectifier. Thus, in a typical pack, a simple
knob on the unit allows us to choose any voltage between 150 and
350 volts.

The regulated packs to be studied may be divided roughly into
four classes; those employingseries regulator tubes, those employ-
ing shunt regulator tubes, packs employinga bridge typeof circuit,
and those employing grid controlled rectifier tubes.

643

r +125v

6J7

EE:T
X Fig.57 simple regula-
Y ted power supply employ—
ing series regulation.
Y

Regulated power supplies employing series regulator tubes are
by far the most common, and several variationsof the basic circuit
are often used, depending uwpon the degree of regulation required.
Fig. 57 shows the fundamental circuit which is in itself a practi-
cal power pack. The regulator circuit is a form of two stage di-
rect-coupled amplifier employing negative feedback. The 90 volt B
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battery serves to buck the voltage between point P and the grid of
the 6J7 so that it operates with a normal bias of approximately -5
volts,

Before discussing the operation of this circuit, the student
should become familiar with the following two terms. The series
tube, shownas a 6A3 in Fig. 57, is known as the rheostat tube, and
the 6J7 is known as the control tube.

The values of voltage and the size of the components in Fig.
57 were chosen arbitrarily, and could be altered to suit the par—
ticular needs of the user. Suppose the voltage at point M should
increase from 400 volts to 410 volts, This would tend to increase
the voltage at point 0 and 1/3 of this voltage change would be ap—
plied to the gridof the 6J7. (This is because the gridis tapped at
about 1/8 of the way up on the voltage dividers) The 6J7 would draw
more current and increase the biasof the 6A3. This would increase
the plate resistance of the 6A3, and consequently mostof the volt-
age increase of 10 volts (which we assumed) would appear as a drop
across the 6A3. The voltage at O would rise only very slightly.

Exaggerating, for the purpose of illustration, suppose that
the voltageat point M increases to 500 volts., If 60 ma. are flow-
ing through the 6A3, the bias on the 6A3 must increase by 25 volts
to increase the drop through the 6A3 by 100 volts. Therefore, the
plate voltage of the 6J7 must change by 25 volts; thisis done with
+2 volt shift in the grid bias. In other words, if the voltage at
point M increases by 100 volts, the maximum voltage increase at
point P will be .2 volt, and the output voltage delivered at point
0 will be increased by .6 volt. Thus, the improvement produced by
the regulator circuitismore than 80 times. Much greater improve-
ment can be achieved with more complicated circuits tobe described
later.
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Fig.58 pPerformance of VR-105 gas filled regulator tube.

You have just studied how a pack regulates against line volt-
age changes. Consider next the effect of load current changes.
The normal tendency of a load variationis to change the voltage at
point O. Suppose the loadis increased andthe potential at 0 drops
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below 250 volts. This will lower the voltage at point P and in-
crease the bias on the control tube. With increased bias, the 6J7
will pass less current through its load resistor and consequently
reduce the bias on the 6A3, thereby lowering the drop across the
6A3 to compensate for the extra load drawn by the load circuit.
The simplest typeof regulator available is shown in Fig. H8A.
If a glow discharge (gas filled) tube is connected in series with
a resistor, it will maintain essentially constant voltage across
the tube, regardless of the current flowing through it within the
rating of the tube. The regulation curve is shown in Fig. 58B for
a type VR-105. Althoush the regulation afforded by this circuit is
not good enough, and the permissible current not high enough for
most television applications, the circuit finds application as a
part of more complicated regulator systems.
6a3

Fig.59 Regulated power supply employing special “anti-bounce”
circuits.

Fig. 59 is fundamentally the same as Fig. 57. If the cathode
of the control tube is now placed above ground by 105 volts, which
is maintained by a gaseous regulator tube, the resistors Rs and Rs
serve as a voltage divider to obtain screen voltage for the 6J7,
and at the same time maintaina constant drain through the regulator
tube fromthe stabilized 250 volts outputof the pack. Consequently
the drop through the VR-105is made exceedingly constart. Koof Fig.
57 has now been replaced by an additional gaseous regulator tube.
Since this tube maintains a cqnstant drop, any voltage change at
point O will be applied almost directlyto point P insteadof through
the voltage divider as in Fig. 7. This increases the quality of
the regulation by a factor of almost 3. The condenser Cz and the
resistor Ry insure that any rapid changes in the supply voltage,
such as a sharp bounce due to a line surge (or a sharp increase
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in the current demand) will be delivered directly to the grid of
the 6J7 by capacitycoupling through C2 with Rs and the divider net~
work serving as a grid leak., The impulses at 0 would be applied
directly to the gridof the 6J7 if the network R2R3 were eliminated
whichis quite often done. This network servesa different purpose,
which we shall now consider.

It is obvious from Fig. 57 that no regulation can occur until
after a voltage change has taken place at point 0. If we wish to
secure perfect regulation against hum or line voltage bounce, the
circuit of Fig. 57 can only approach this desired result, but can
never give perfect regulation. If a. voltage could be applied to
the control tube from ahead of the rheostat tube; that is, from
point M, then it would be possible to secure either positive or
negative regulation. The circuit of such a regulator is shown in
Fi%. 59 and with proper adjustment, almost perfect cancellation of
voltage changes at poiant M can be had.

243°s S8

3
l_.z 2%0v

+90y

Fige6o Regulated power supply employing two stage DC coupled
control circuit,

Supposea decrease occursin the voltage at point M. This will
be applied by capacity coupling to the grid of the 6J7 through the
voltage divider network RiR3R2. If R1 is adjusted so that most of
the change at M is applied to the grid of the 6J7, the 6J7 will be
biased completely to cutoff, reducing the resistance of the 6A3 to
a minimum. This will redice the drop across the rheostat tube to
suchan extent that the voltage at point 0 will actually rise above
the value that it had originally. This conditionis kmown as over-
regulation. The setting of Ri canbe adjusted for nearly zero reg-
ulation for the particular conditions encountered. For this cir—
cuit, itisnecessary that RiC: have the same time constant as R2(2
and that R3 be large compared to either R:i or Rz; otherwise, some
types of surges will produce overregulation and some underregula-
tion-
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For simplicity, a single 6A3 tube has been shown in Figs. 57
and 9. If a large amount of current is required from the power
supply, several rheostat tubes can be operated in parallel, allow-
ing 60 to 100 ma. per tube. Fig. 60 shows a power supply used in
a large cathode ray oscilloscope, which operates with five rheostat
tubes in parallel. This circuit differs fromthat of Fif. 57 chiefly
in the fact that two stages of amplification are employed in the
control tube circuit. These stagesare direct—coupled, and consist
of a pair of triodes. The extra stage in the control circuit re-
verses the phase of the control voltage. For this reason, point P
on the woltage divider across the output of the pack drives the
cathode of the first stage, rather than the grid. The grid is op-
erated above ground through 'a battery in contrast to Fig. 59 in
which the cathode of the control tube was -operated above ground,
usinga glow lamp. The condenser Cu in Fig. 60 appliesrapid changes
in the output voltage directly to the cathode of the first tube,
thereby eliminating the voltage divider in the cathode circuit for
surgess This hasthe advantage of improved regulation for AC chang-
es or rapid fluctuations.
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Fig.61 Shunt regulated power supply

The 874 forms no part of the regulator circuit butis incorpo-
rated to secure a separate steady output of 90 volts., The type 56
tube T3 is incorporated as a time delay circuit which grounds the
grid of the rheostat tube and causes the output voltageto maintain
alow value of 50 or 100 wolts until all of the tubesin the circuit
have reached operating temperature. When this time celay circuit
is not incorporated, as in the case of Figs.' 57 and 59, the output
voltage will rise to some high value approximately HU volts less
than that appearing at point M« This high value will be maintained
until the filament of the control tube %a. heater type tube) comes
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up to operating temperature. When operating temperature has been
achieved, the output voltage then drops to the normal voltage, de-
termined by the setting of the control potentiometer at point P.
By employing a two stage amplifierin the control circuit, by care-
ful design, and by the use of heavy duty chokes and transformer,
the effective internal resistanceof the power supply in Fig. 60 is
made approximately 3 ohms.

M
+ +

OUTPUT

VOLTAGE
R2 R3 t

1 -
¥
Ry R2/Ry = Mu

OUTPYT OF RECTIFIER
AND FILTER

Fig.62 simple regulated power supply for small current demands.

In the foregoing regulated power supplies, the rheostat tubes
were operatedin series with the load and the output of the filter.
In some cases it is preferable to place the rheostat tubes across
the load and regulate them in such a way that the sum of the load
current and the current taken by the rheostat tubes is just suffi-
cient to maintain the proper output potential fromthe power supply.
When this is done, the rheostat tubes cause a variable internal
drop in the power supply as the supply voltage fluctuates. This
is practical since there is always several hundred ohmsof unavoid-
able resistance in the rectifier and filter circuits. The control
tubes in this circuit must operate at a potential negative with
respect to ground, and this requires a separate bias supply, shown
in Fig. 61 as the 1-V and VR-150. In this circuit, as the output
voltage increases, the grid of the first triodein the control cir-
cuit is changed in the positive direction. Since the control tube
operates in a two stage direct-coupled amplifier, the output volt-
age has the same polarity as the input voltage. Thus, the grids
of the rheostat tubes (parallel 6l6's) are changed in a positive
direction (that is, less bias is applied to them). The two 6L6's
draw more current from the power supply, and thus act to lower the
output voltage, which is opposite to the change originally assumed.
The rheostat tubes have a stabilizing influenceon the output voltage,
regardless of whether the tendencyof the voltage change was due to
fluctuations in line voltage, hum, or a change in the load demand
on the power supply.

When a small power supplyis required for light duty operation
and the load on the supply is relatively constant, the simple cir-
cuit shown in Fig. 62 will maintain a constant output voltage with
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reasonable fluctuations in input if the ratio of Rz/Ri equals the
amplification factor of the tube., Fora medium or high mu tube, R:
will be small compared to R2. If the circuit is re-drawn as shown
in Fig. 61B, it is seen thatas the plate supply voltage increases,
the cathode voltage is increased by a factor equal' to the amplifi-
cation factor of the tube. Increasing the cathode voltage is the
same as placing a negative voltage on the grid. Comsequently, we
may say that the plate voltage and grid voltage are changingin op-
posite directions and at a rate proportional to the amp%ifica.tion
factor of the tube. When this takes place there is no change in
the plate current drawn by the tube and the drop across its plate
load will be constant. Since the loadis delivered across the plate
resistor R3, this voltagewill remain constant regardlessof changes
in input wvoltage.
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Fig.63 Practical circuit of low current regulated supply.

Eliminating the battery and re-drawing the circuit in a prac—
tical form, Fig. 63 illustratesa regulated power supply which will
furnish 135 voltsat approximately 10 ma. while maintaining the out-
put reasonably constant and with less than 2 millivoltsof hum. In
this circuit the battery has been replaced by a neon lamp which
maintains the steady voltage required for biasing the control tube.

If a regulated power supply is used to- furnish bias toa tele-
vision circuit, no changes in load will be anticipated. Further-
more, the current supplied by the pack will be negligible. In this
case, the circuit of Fig. 64 may be used. The (%J'j functions as a
half-wave grid-controlled rectifier, and by adjusting the time con-
stant in the load circuit (choosing correct values for Ci, Ri, Caz,
L) either over-regulation or under-regulation may be secured. Es~
sentially perfect. regulation is possible by adjusting the value of
the load resistor.

Since the cathode of the rectifier is connected to the output
circuit, it will be maintained at a fairly high positive voltage
throughout the cycle. The rectifier will conduct only when the
plate circuit is more positive than the cathode. The grid is re-
turned to the plate circuit through a 1 meg. resistor and the tube
behaves as a diode instead of a triode during the first partof the
cycle. As soon as the plate and grid voltage reach the igmition
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voltage of the glow lamp, it will break down and the voltage drop
across the glow lamp will suddenly drop to the normal operating
voltage of approximately 70 volts.. Just beforethe glow lamp breaks
down, the cathode has charged up to a very high positive voltage,
and as soon as the glow lamp breaks down, the grid voltage becomes
more negative thanthe cathode, andthe rectifier conduction ceases.
The input condenserof the filter circuit then discharges until the
cathode arrives at a lower voltage than the grid.' At this time,
the rectifier will ‘again conduct until the plate voltage drops be-
low the cathode voltage. Thus, there are two periodsof conduction
during each positive half-cycle of plate voltage.
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t.f‘-"ig.6u Regulated bias supply employing a grid controlled rec-—
ITier.,

Figs. 64B and 64C show the operating conditions for two values
of input voltage. The solid curve represents the plate-to-ground
voltage, the dotted curve represents the grid- to- ground voltage,
and the distorted sawtooth wave, labeled Ex, representsthe cathode-
to-ground voltage. The tube will conduct only when the grid and
plate are positive with respect to the cathode, except for the brief
interval of time when the gridis between zero bias and cutoff bias.
The two periodsof conduction previously mentioned are t: and t2 in
Fig. 64B and t3 and ts in Fig. 64C. The ignition voltage and ex—
tinction voltageof the glow lamp do not change with the input wave.

If the input voltage becomes larger, its wavefront becomes
steeper and a shorter time is required to reach the ignition volt-
age. Therefore, the initial charging period of the condenser (Ci
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of Fig. 64A) is smallerand the peak value achievedis not as great.
If Ci1 discharges very slowly, thenthe rectifier conducts only once
during the cycle, andthe circuit over-regulates; thatis to say, an
increase in line voltage will result in & decrease in output volt-
age from the rectifier. If the load resistor Ri is made smaller,
then the condenser Ci discharges very rapidly, and the tube con-
ducts twice during the cycle. In this case, the duration of the
charging time is longer for the increased line voltage as can be
seen by comparing X and Y of Fig. 63. Since the charging time
(t3+vy comparedto ti+t2) is longer, the power supply under—regu%ates ;
that is, an increase in line wvoltage will cause an increase in out-
put voltage. By properly choosing Ri, a compromiseis achieved be~
tween over-regulationand under-regulation whichwill give very sat-
isfactory results. A bias supply regulated in this manner can be
built very compactly and ample filtering can be provided.

At the present time, the preceding description includes all of
the packs normelly found in television equipment. Other varieties
of regulated packs are used in scientific -equipment, but have not
been applied to television.
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EXAMINATION QUESTIONS

INSTRUCTIONS. Eefore starting to answer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. Hake all answers completeand in de-
tail. Print your name, address, and file numberon each page and be
neat in your work. Your paper must be easily legible; otherwise,
it willbe returned ungraded. Finishthis exarination before start-
ing your study of the next lesson. However, send in at least three
examinations at a time.

1. What is the purpose of: (A) Equalizing pulses? (B) Ser—
rations in the vertical synchronizing pulses?

2. Epumerateor sketch inblock diagram formthe essential tim-
ing unit circuits of an electronic synchronizing gemerator.

3. Describe two fundamental methods of creating rectangular
voltage pulses from a sine wave.

4. Describe one method of decreasing the width of a rectang-
ular voltage pulse; or draw a circuit to perform this function,
sketching the waveform at each portion of the circuit.

e Describe oue method of increasing the width of a rectang-
ular voltaze pulse; or draw a circuit to perform this function,
sketching the waveform at each portion of the circuit.

6. Describe one method of delaying a pulse; or drawa circuit
to perform this function, sketching the waveformat each portion of
the circuit.

7. In addition to equaliziny pulse, horizontal and vertical
blanrinz pulses, horizontal syuchronizine pulses, serrated waveform,
lconoscove blanliing pulses, ard drivines pulses, at least two other
pulses wust be forwed in the wave shaping circuits. What are the
reietition frequencies, tire durations, aad purposesof these otler
pulses?

8. What advantages are to be gained by inserting the load
resistance of an amplifier stagein the cathode circuit? What dis—
advantages?

9. What are the comparative advantages and disadvantages of
the Scophony mechanical generator and a completely electronic gen-
erator?

10, Sketcha regulated power supply incorporating series rheo-
stat tubes.
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TEAMMATES

..... SIGHT AND SOUND

This interesting booklet is devoted to a subject that is
comparable to the sound track on a motion picture film.

Runming along the edge of each movie film that isaccompanied
by sound isa small “track®. The intensity of the "track® varies,
or appears to be shaded. It is this *track® that produces the
sound effects..... voices, music, gunfire, etc. Were it not for
the marvelous accomplishments of this shaded |ine that runs along
the edge of the film, our movies would besilent as in days gone
by.

Television, to be successful, must also be accompanied by
sound. Therefore, it is vitally essential that television pro-
grams have a sound *track’, just as movie film does. That is
why television frequencies assigned to broadcasting stations are
accompanied by ADJOINING sound frequencies. When the sound is
tuned in, the television picture is automatically tuned in. This
eliminates 'double' tuning, but it also means that each televis-
ion transmitter must be operated in conjunction with a television
SOUND transmitter. This all-important lesson is davoted to such
transmitters. |t should be mastered thoroughly.

Sight and sound are close teammates in the motioh picture
and television industries. The success of one is dependent upon
the other. Ambition and knowledge are also clcse teammates.
Ambition without knowledge cannot hope tosucceed. On the other
hand, knowledge is only secured through ambition.

You have ambition. That is more than half the battle for
success. Youaregaining knowledge with each Midland lesson you
complete. By successfully completing every lesson inour train-
ing plan, you will have achieved the formula for success.

Just what is this formula?

It is AMBITION, the willingness to work, PLUS a valuable
fund of knowledge that will enable you toapply your ambition to
a highly specialized, well-paid job inan industry that is limited
to TRAINED MEN.



Lesson Four

TELEVISION .

VOICE CHANNEL
TRANSMITTER

"Since both the sight
and sound of television pro-
grams will be broadcast on
the ultra-high frequencies, it
is very important that you be-
come thoroughly acquainted with the
use of apparatus operating on such fre- 50
quencies. W e

"While the information contained in this lesson is quite im-
portant, still it becomes doubly so when considered as the founda-
tion material for the next lesson on television transmitters".

1. CHARACTERISTICS OF ULTRA-HIGH FREGUENCY TRANSMITTERS. If
the student has thoroughly mastered the bhasic principles of radio
transmission covered in Units 3 and 4, then it isnecessary in this
lesson to consider only the differences that exist between ultra—
high frequency voice trarsmitters and ordinarv broadcast transmit-
ters. The basic theory and the problems involved in the understand-
ing of the operation of transmitters for the lower frequencies are
also applicable toultra~high frequency transmitters when due regard
is taken for the limitations and peculiarities imposed by the use of
these higher frequencies.

The refinements necessary or desirable for the proper operation
of ultra-high frequency transmitters form the subject matter of this
lesson. These refinements are not at all cbvious to those familiar
with only lower freguency transmitters and to some, the transmitter
illustrated inFig. 1 will seem highly uncorventional. This trans-
mitter isan extremely modern ultra~high frequency transmitter, and
incorporates many essentials which you will study in this lesson.

As youprogress through the lessonwewill takeupin detail the
distinctive characteristics of ultra-hipgh frequency transmitters.
However, before considering these points in detail, it isdesirable
to outline the salient characteristics of these transmitters.

In the first place, the tubes are distinctly different from
those used on the lower frequencies. Notice the small size of the
tubes inthe transmitter illustrated in Fig. 1. In Fig. 6 is shown
a comparison between a small ultra-high frequency tube and anolder
style tube having equal plate dissipation. The comparison between
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these two tubes (888 and 851) illustrates many points brought out
later in the lesson. '

Wiring is another feature of ultra-high frequency transmitters
which must be given careful consideration. In the transmitter of
Fig. 1, notice the short heavy leads, and the symmetry and balance
maintained in the push-pull circuit. Notice also that the tank
circuits are different from thoseused in low frequency transmitters.
Instead of coils and condensers, we find sections of concentric
lines as well as open wire or balanced lines.

Fig.1 Modern ultra-high frequency transmitters do not conform
to low frequency convertions.

The methods of adjustments and measurements of these ‘transmit-
ters are dissimilar to lower frequency practices. On these frequen—
cies, the R.F. ammeters, the dummy load resistors, and every inch
of connecting leads become an appreciable part of the tuned circuit.
Parasitic trap circuits and other dodges, useful on the lower fre-
quencies are no longer applicable to the higher frequencies. The
neutralizing condensers, bypass condensers, insulators and other
components must be chosen with extreme care and with due regard for
their decreased rating on the higher frequencies.

All of the foregoing considerations for the television voice
channel transmitter are entirely applicable to the television pic-
ture transmitter which will be studied in the next lesson. The re-
quirements of construction and adjustment of the television voice
transmitter which lead to its efficient operation will also apply
to the'television picture transmitter. The only difference between
the two is that the television transmitter must be capable of hand-
ling amuch wider band of modulating frequencies. Thisproblem forms
the subject matter of the next lesson. It is therefore important
that the student master the principles outlined inthis lesson since

2



they apply not only to the transmitter we are now studying, but to
the picture transmitter as well.

2. POWER AND TYPE OF SIGNAL REQUIRED. The television voice
channel transmitter must emit a signal of excellent quality. By
this we mean it must not only be a high fidelity signal, but must
be of sufficient signal strength to override all external noise.
This must be so if the transmitter is to take full advantage of its
wide band frequency allocation as well as the band width of the re-
ceiver.

The signal must be noise-free in order that it will not de-
tract in any way from the enjoyment of the accompanying picture.
Compared to the sound, the picture is relatively expensive to re-
produce; therefore, any expenditure on the sound transmitter which
will add to the enjoyment of the picture will be well worth while.
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Fig.2 A comparison between television sound and ordinary broad-
cast allocation.

Referring to Fig. 2, we see that the available bandwidth of
the television voice channel transmitter is extremely large, com-
pared to the allocation of standard broadcast transmitters. With
all danger of interference from other similar transmitters removed,
we can widen the bandwidth and increase the fidelity as much as we
please. The harmonic distortion of the transmitter should be as
low as economically practicable. The audio response should be flat
from 30 to 10,000 cycles. The sound portion of the conventional
television receiver can easily handle ithe top audio modulation fre-
quencies, since they are necessarily built with awide 1.F. channel,
on the order of 100 kc., to handle theunavoidable oscillator drift
in the receiver.

To answer the question of how much power is necessary to over—
ride all forms of external noise at the receiver, it is not neces—
sary to talk in terms of an absolute field produced at the receiving
antenna. We need talk only in terms of relative power between the
sound transmitter and the television picture transmitter which is
necessary to produce noise-free reception. Then, having decided
upon the television picture power we iitend to use, the power for
the sound transmitter is automatically determined. This assumes
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that the voice transmitter operates either into the same antenna
or into an antenna of equivalent gain as the one used by the pic-
ture transmitter. If only one receiving antenna is used to pick
up the sound and the picture transmission, then this antenna de-
livers the two signals at the receiver with approximately the same
intensity. The R.M.A. Committee on Television Standards ruled on
the standardization T-114 that the wvoice channel transmitter and
picture channel transmitter should operate with approximately equiv-
alent power. When this ruling is followed and the antenna limi-
tations just mentioned are adhered to, then in general the sound
reception is just noticeably noisy when the picture is completely
overridden with light flashes due to noise pickup. Interference
which is insufficient to completely wreck the picture reception
will not normally be noticed at all on the sound reception.

In order to compare the equivalent power of the sound trans-
mitter and the television picture transmitter, it is necessary to
first define the carrier power of the picture transmitter. The
R.M.A. Television Standards Committee under standardization T-113
defines the carrier power of the television picture transmitter
as one-fourth of the peak power. At the present time, standard-
ization T-114 has only been approximately adhered to. The Columbia
Broadcasting System television transmitter located in the Chrysler
Building operates with a sound power of 7% kilowatts for a picture
carrier of only 4 kilowatts. The NBC television installation in
the Empire State Building in New York City operates with a similar
power rating. The Philco® experimental television station inPhil-
adelphia operates with a picture channel power of 1 kilowatt for
a voice channel power of only 200 watts. The General Electric
station at Schenectady, N. Y. uses apower of 3 kilowatts for sound
and 10 kilowatts for visual.

The British Broadcasting Company which is, of course, not sub~
ject to American standardization, nevertheless, follows quite close-
ly to American practices in regard to the power involved. The
Alexandria Palace transmitter operates with picture transmitter
power of approximately 4.25 kw., for a sound channel power of ap-
proximately 3 kw.

We have shown the relation that exists in the power rating of
the picture transmitter and the sound transmitter; just how much
this power should be to coveracity of definite size with definite
available antenna height will be discussed in detail in the next
two lessons, but a fair idea can be gained from the example just
cited for the cities of New York, Philadelphia, Schenectady, and
London.

Next, we must consider the question of frequency allocation
and frequency stability of the sound transmitter. We have already
learned that atypical television superheterodyne receiver operates
with a single oscillator and two fixed tuned I.F. amplifiers. This
calls for a definite frequency relation between the picture and
sound transmitters. Fig. 2 shows the R.M.A. standardization T-102

. lwilliam N. Parker,---"A Unique Method of Modulation for Mi%h—Fidelity Tele~
vision Transmitters®. Proc. [.R.E., Vol. 26, PP 946-962, August, 1938,
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for this frequency relation. The sound transmitter operates at a
nigher frequency than the picture transmitter. This is for con-
venience in receiver design and allows the receiver oscillator to
be operated at a higher frequency than the incoming signal. This
is desirable for the elimination of extraneous beats between the
I.F. harmonics and the receiver oscillator. With this type of op-
eration, the I.F. channel of the sound receiver is at a lower fre-
quency than the I.F. channel of the picture receiver. 1t is de-
sirable to have the picture I.F. operated at the higher frequency
becanse of the bandwidths involved. The actual spacing between
the television picture transmitter and the sound transmitter, as
well as the width of the guard band between the sound frequency
and the adjacent channel, was decided upon from comsiderations of
the bandwidth and maximum possible steepness of cutoff of the I.F.
channel of modern television receivers. The location of the tele-
vision picture carrier frequency with respect to the edge of the
band is a problem for the next lesson.

From a previous lesson, we learned that the bandwidth of the
sound channel of atypical. receiver was approximately 100 kc. From
this, it would be assumed, on first thought, that the frequency
stability of the sound transmitter would be of little consequence.
However, receiving troubles due to frequency drift are a very real
problem. It is a matter of good economics tomake the sound trans-
mitter as stable as possible to allow more freedom in the design of
the receiver. One transmitter serves many receivers and the cost
of good frequency stability at the transmitter issmall compared to
the total cost of good frequency stability in the thousands of re-
ceivers that this transmitter serves. Good frequency stability can
be arrived at either through the use of crystal control, or by the
use of special tank circuits to be discussed later in this lesson.

At present, the government requirements as to frequency sta-
bility for this type of service are moderately lenient. The re-
quired frequency stability is but .05% of the carrier frequency.
For a typical carrier frequency of 55.75 mc., this amounts to a fre-
quency tolerance of %27,800 cycles. Thistolerance seems quite wide
and may possibly, be narrowed as time goes on. However, it is im-
portant that we think in terms of percentage frequency deviation
rather than in actual number of cycles. For instance, a broadcast
transmitter operating on a frequency of 570 kc. usually maintains
a frequency stability to within five cycles. Doubling down from
this same crystal oscillator frequency to drive a sound transmit-
ter on a frequency of 55.75 megacycles, we would not expect a fre-
quency stability of much better than 500 cycles. Yet, on apercent-
age basis, the high frequency transmitter is every bit asstable as
the broadcast transmitter asis apparent from the fact that the same
crystal oscillator was used to drive’ both.

9. BASIC CIRCUITS. Since there is no fundamental difference
between television voice channel transmitters and other sound trans—
mitters, all of the conventional circuitsare possible. Some, how-
ever, are considerably more practical than others. At the present
time, the basic principle behind the design of television voice
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channel transmitters seems tobe, “the simpler the design, the bet-
ter”. However, television is acomparatively new transmitter field
and in view of the experimentation and changes that will probably
take place in the next few years, it is well to mention all of the
possibilities, with comments as to their relative merit. At the
end of this lesson we will devote an entire section to the newer
types of high frequency transmitters which have not yet emerged
from the laboratory.

Probably the most talked about method of high frequency voice
transmission today is the Armstrong frequency modulated system.
This system is said to result in vastly improved signal-to-noise
ratio, and demonstrations back up this claim. It is operated in
such a way as to maintain the amplitude of the transmitted signal
al a constant value, while the carrier frequency is varied by the
application of voice modulation. The amount of frequency deviation
from the carrier is proportional to the amplitude of the modulating
wave; that is, a loud note would cause a greater frequency change
than a soft note. The rate at which this carrier frequency varies
is proportional to the frequency of the modulating wave. The re-
ceiver is arranged with a frequency detector to convert these chang-
es in carrier frequency to changes inamplitude. Now, since static
impulses and other types of noise occur as amplitude modulation on
the carrier, rather than acting to change the carrier frequency,
these noise impulses are eliminated at the receiver by the simple
process of limiting their magnitude toequal that of the carrier in
the receiver. In other words, the noise puises are chopped.

Of course, considerable noise gets through in spite of the
peak limiter, but only thenoise components that lie within an aud-
ible band (14,000 to 20,000 cycles) from the carrier appear in the
loudspeaker. Since the band width of the frequency modulated trans-
mitter may be 100,000 cycles ormore, only the weaker signals (cor-
responding to small frequency deviations from carrier) are affected
by interference or noise.

This system is most interesting, but it is not suitable for
television purposes, because it results in a complexity of trans-
mitter and receiver circuits. Since the picture receiver is al-
ready complex and expensive, it is at present not considered worth-
while to add the complexities necessary for receiving this type of
transmission. Any of the types of amplitude modulation now in use
can be incorporated in high frequency transmitters. Ordinary grid
modulation isapossibility for reasonable efficiencies onthe order
of 20% to 35%. This type of grid modulator must work with a high
impedance plate load. This, of course, calls for moderately high
plate voltages and loose coupling to the antenna. Such operation
is difficult on the high frequencies because with loose coupling
to the antenna, the losses in the tank circuit become appreciable
and lower the overall efficiency of the transmitter. How this ac—
tually occurs will be better understood after we have completed
this and the following lessons. At present, this type of modulation
is not in common use on these frequencies for sound, but it is not
impossible that it may gain favor in the future.
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Absorption modulation is a possibility, but it is generally
ruled out as being inefficient, non-linear, and difficult to arrange
for high values of modulation; that is, 100% modulation.

Load impedance, or transmission line modulation is a new sys-—
tem introduced for television purposes. This will be discussed in
detail in the next lesson. For the purposes of the voice trans—
mitter, it is difficult to adjust for low harmonic distortion and
lacks the simplicity of some of the more conventional forms of mod-
ulation. Being new, it isless generally understood and has not had
acceptance for this type of service.

Suppressor grid modulation and screen grid modulation could
be used with considerable success, but two factors discourage the
application of these principles. First, is the unavailability of
suitable multi-element tubes. Tetrodes and pentodes are mot at pre-
sent manufactured in sizes applicable to a high power, or even a
medium power transmitter. Successful small multi—element, high fre-
quency tubes have been manufactured and possibly the future will
bring forth larger tubes of satisfactory characteristics. Secondly,
screen grid and suppressor grid modulation suffer some of the dis-
advantages of grid modulation, in that the resulting tube efficiency
is low and the circuits are slightly more difficult to adjust than
are plate modulated systems. Plate modulation suffers none of the
foregoing disadvantages, but of course requires somewhat greater
modulating power.

This brings us to the next question. Should we choose low-
level or high-level modulation? This has long been a potent point
in the design of standard broadcast transmitters. The pro and con
arguments advanced for these systems on the lower frequencies are
pertinent for television voice transmitters. However, twoaddition—
al factors become important onthe ultra-high frequencies, and these
factors swing the argument in favor of high-level modulation.

In the first place, the final stage tube complement requires
considerable more dissipation in the R.F. section of a linear am-
plifier than in the case of an amplifier which is to be plate mod—
ulated. This is not a serious drawback on the lower frequencies,
because the low-level system with the linear amplifier requires con-
siderably less audio power. Ontheultra-high frequencies, however,
the size of tubes necessary to secure the required dissipation in
the linearamplifier causes almost insurmountable circuit difficult-
ies id a transritter of considerable power. Within the next few
pages, we will see just why this is so.

In the second place, the radio frequency circuits, for the
low-level modulated, linear amplifier systems, are more elaborate
than for a plate modulated, high-level system, of equivalent power.
For this reason and also for the reasor that audio modulation equip-
ment is fairly well standardized from ordinary broadcast practice
and therefore easily available, the high-level, plate modulated
system will result in a somewhat simpler transmitter. This ishigh-
ly desirable for a television voice transmitter in order that the
time and energy of the station engineers may be concentrated upon
the television picture transmitter which is inherently complex.
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The foregoing considerations point to the choice of high-level
plate modulation for our television voice transmitter. To date,
this is the accepted method in use. This should hot be considered
a hard and fast rule. In any new field of transmitter work, there
are almost as many ideas asthere are engineers working onthe prob-
lem. As more companies become interested in and work on the dev-
elopment of these transmitters, and as new circuits and tubes are
brought forward, there are almost certain to be several answers to
the problem. It is even possible that some companies may go "the
long way around" to avoid patent interferences.

The circuit diagram of the UHF transmitter illustrated in the
frontispiece is shown as Fig. 8. This circuit represents standard
practice except that in some cases a separate modulation choke may
be used.

The present day short cuts, innovations, fads, and fancies of
general transmitter work are entirely applicable toultra~high fre-
quency transmitters. The use of inverse feedback, both R.F. and
audio, as well as Doherty amplifiers, and Terman high-efficiency
grid modulated amplifiers are all practical possibilities. These
circuits need not be considered here, for with the exception of
straight audio degeneration, all of these possibilities are avoid-
ed in modern television voice transmitters for the sake of simpli-
city, as mentioned previously. There is so muck ground to cover
in the understending of current practices of these transmitters
that we must skip these intriguing ramifications into the field of
other types of sound transmission.

4. ULTRA-HIGH FREQUENCY TRANSMITTING TUBES. In the beginning
of this lesson, we mentioned that tubes for ultra-high frequency
transmitting service must have certain qualifying characteristics.
Let us consider these in detail.

In addition to the factors which determine the value of atube
for general transmitting work such as a high transconductance fac-
tor, high available filament emission, which of course means high
peak plate current and high peak grid current available, and long
tube life, at least four other considerations are of prime import—
ance in the selection of tubes for ultra-high frequency services.

The first factor which determines the performance of ultra-
high frequency transmitting tubes is the interelectrode capacities
involved. These should be extremely low. Large tube capacities
cause the tank circuit to have an unnecessarily low LC ratio. A
low LC ratio for a given output, or to put it another way, exces—
sive tank Q makes it extremely difficult to keep the tamk circuit
losses ‘to a reasonable value, because the ratio of circulating en-
ergy to the power dissipated in the load (the antenna) istoo great.
A large interelectrode capacity hasanother disadvantage. This dis-
advantage is the excessive R.F. currents which will be carried by
the tube leads when the tube capacities are high. On these fre-
quencies, the tube capacities are a large part, if not the major
part of the total capacity across the tuned circuit. For this rea-
son, most of the circulating tank current flows through the tube
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connections and the leads to the tube elements. The R.F. currents
flowing in these leads produce considerable losses and heating be-
cause of the small size and low conductivity of the leads themselves
and the loss factor of the surrounding dielectric such asthe glass
press in the tube.

The consideration of the circulating current inthe tube leads
brings out the second point in the selection of ultra-high frequen-
cy tubes. These tubes must have heavy leads tocarry the high cur-
rents which will flow in even a tube of moderately low capacity.
These heavy leads might well be several straps about ¢" wide for
tubes on the order of 1 kw. capacity. Solid leads, rather than
braided or stranded leads should be used. Furthermore, the leads
should be as short as possible between the external connections and
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Fig.4 Tubes suitable for medium power television sound trans-
mitter service. :
the actual elements of the tube. The connections that bring the
current through the glass wall of the tube must have a large R.F.
current capacity and this calls for an exceedingly good seal. The
ring type seal such as used in water-cooled tubes is excellent.
On medium power, air-cooled tubes, the general practice isto bring
several leads through the glass wall, all of which are comnected
in parallel. These leads are widely spaced to reduce the interac-
tion and eddy current losses and the total current divides fairly
evenly between the several leads. Several modern tubes suitable
for service on frequencies around 50 megacycles are illustrated in
Fig. 4. One of the tubes, which will dissipate several hundred
watts, uses three wires in parallel to bring out the tube conmect-
ions, each of these wires being approximately #14 wire and spaced
about " apart.



The third important distinction of these tubes is the 'small
physical size inrelation to the amount of power handled. The small
size not only contributes to the two factors outlined and to the
reduction in transit time, (this will be explained in following
paragraphs) but also reduces the standing waves which would other-
wise be developed onthe leads and the elementsof the tubes. Since
the tube's elements and leads have both distributed capacity and
inductance, they act like a section of a transmission line which
is open at one end. This.causes a distribution of wvoltage along
the elements of the tubes as shown in Fig. 5. In tubes of large

]
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HCA 856
Fig.5 sSmall size is important in UHF transmitting tubes.

physical dimensions compared to the wavelengths at which they oper-
ate, this voltage distribution is extremely detrimental to the per—
formance of the tubes. It is easy to see that this uneven voltage
distribution along the tube's elements would cause non-uniform
operation in various parts of the elements, resulting in parts of
the tubes running hotter than others. While this is undesirable,
it is not as important as some of the other drawbacks of high fre-
quency operation.

Because of the standing waves on the tube's elements, the ac-
tual voltage at the electrodes, which determines the flow of elec—
trons within the tube, are considerably different than the voltages
applied to the external comnections. Furthermore, there is a dif-
ference in phase between the applied voltage and the voltage ac-
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tually existing on the tube's elements, due to the definite time
of propagation fromthe external connections to the elements. These
differences make it difficult to predict or adjust the performance
of the tube being used. In large water-cooled tubes, the standing
waves on the tube's elements and leads may even be a quarter-wave
long in the vicinity of 40 to 50 megacycles. This means that with
minimum voltage applied to the external connections, maximum voltage
actually exists between parts of the tube's elements as seen in
Fig. 5. What has been done to overcome this limitation isshown in
Fig. 6. This is a comparison, drawn to scale, of a type 888 and a
type 851 tube. These tubes are of approximately equivalent power
ratings, the 888 being a new ultra-high frequency tube.

888

. Fig.6 comparison of a typ-
ical television transmittin
tube and a Tow frequencytubeog
equivalent power capability, 851

The fourth important feature of the ultra-high frequency tubes
is the close spacing between elements to reduce the transit time of
the electrons. The electrons which flow between the grid and plate
of the tube do not travel with the speed of light, but considerably
stower. This time of flight of the electrons is of no particular
importance for tubes operating onmedium or lower frequencies. When
thé frequency of operation is low, the time of the electron flight
(transit time) is very small compared to the time required to alter
the instantaneous potential of the tube elements. When tubes are
operated on the high frequencies, this isno longer the case. When
the transit time cf the electrons becomes an appreciable fraction
of the time to complete a R.F. cycle, there results an increase in
the plate loss of the tube as-well asinthe grid driving power re-
quired. The tube will require grid driving power even when it is
worked entirely in the negative grid region where no grid current
would normally flow.

In addition to the normal input capacity of the tube, there
exlists another capacity effect which causes the tube to have g high-
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er lnput capacity when the filament s heated than when it is cold.
This effect is proportional to the transit time of the electrons
and to the transconductance of the tube. We see how this effect
takes place in Fig. 7. As the grid voltage increases, electroms
are attracted from the filament toward the plate, but due to ‘the
finite time of travel of the electrons, there are more-electrons
going toward the grid than away from it. This causes a current to
flow into the grid. When the grid potential is decreased, the elec-
trons are more dense on the plate side of the grid than on the cath-
ode side. Therefore more electrons are traveling away from the

Fig.7 &ffect of transit time onthe input capacity and grid loss-—
es of a vacuum tuybe.

grid than are coming toward it and the current- flows out of the
grid into the space charge. Normally the grid current flow is 90°
out of phase with the applied grid voltage so that its effect upon
the input circuit is that of a pure capacity. This electron capa-
city effect is more objectionable at ultra-high frequencies than
at lower frequencies for the following reasons. As the frequency
becomes. higher, the grid voltage changes before the electrons reach
the grid because of the delayed arriva% of the electrons at the grid.
The capacity current is therefore shifted in phase so that it can-
not be considered as apure capacity current, but its in-phase com-
ponent must be taken into consideration as shown in Fig. 7. This
in-phase component of electron flow tothe grid results, of course,
in grid loss or an equivalent grid resistance of the tube.

The plate losses of a vacuum tube due to transit time are not
particularly serious in the case of anamplifier except at extremely
high frequencies. For television transmitters, however, some of
the tubes are operated near their limiting frequencies® so that
this effect is of some importance. .

In the case of vacuum tube oscillators, the plate losses due

. '1 Limiting frequencies: The highest frequencyatwhich a tube can be made to func—
tion, i.e. deliver ‘power to a load.
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to transit time are considerably greater than when the same tube
functions as en amplifier, as may be seen in Fig. 8. OUscillators
are normally operated in such a way that the grid voltages and
plate voltages are 180° out of phase. Since the pulses of plate
current follow the waveform of the exciting grid voltage, the max-
imum plate current would normally occur when the plate voltage is
at a minimum. Due to the time of travel of the electrons from the
cathodes to the anodes at the higher frequencies, they arrive at
the plate not when the plate is at its lowest potential, but after
the plate voltage has started to rise. This causes the electrons
to strike the plate when the plate is at a higher than normal po-
tential. Thisisshown in Fig. 9. Since the power loss at the plate
is a product of the voltage at the plate and the current (quantity
of electrons), the losses at the plate are higher than for lower
frequency operation. This, of course means that the plate effic~
iency will be lowered.
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In the case of an amplifier, this limitation does not exist,
for when we tune the amplifier plate circuit for minimum plate cur-
rent, we automatically adjust the phaseof the plate voltage so that
minimum plate voltage occurs at the peak of theplate current cycle.
This could not be done in the case of the oscillator. (See Fig.9)
Therefore, the efficiency of an amplifierat the higher frequencies
is greater than that of am oscillator.

Another factor which causes an oscillator to have lower effic-
iency on the high frequencies than the efficiencies obtainable by
an amplifier is the grid losses of the tube which we have discussed
in a preceding paragraph. In the case of an oscillator, these grid
losses of the tube must be supplied by the energy from the tank cir-
cuit. In the case of an amplifier tube, the grid losses are sup-
plied by a preceding stage.

Some losses in an amplifier do occur, however, which are not
imposed by lower frequency operation. These losses are due to the
electrons present between the grid and the plate after the grid has
reached cutoff voltage. Since it takes a certain length of time
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for these electrons to be entirely collected by the plate, on the
higher frequencies the plate will have reached a higher voltage by
the time these electrons are collected than in the case of low fre-
quency operation. Therefore, greater heating of the plate will oc-
cur when these electrons arrive.

The problem of transit time effect is not quite as important
as one would be led to believe when considering the large size and
spacing of the elements in transmitting tubes necessary to withstand
the high voltages generally used. Thesehigh volt:fes, coupled with
the fact that gridsof transmitting tubes arenormally operated con-
siderably into the positive region, produce high accelerating fields
for the electrons leaving the cathode, so that the distance the
electrons have to travel ispartially offset by their high velocity.

Oscillator Power Amplifier
Plate Voltage Plate Voltage
’ Eb

Volts +l

Above Ep
Filamentgp
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to Eg 0
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: Fig.9 Phase relations in a
: vacuum tube operating at ultra-
X high frequencies.

Electrons
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|bElectrons Arrive
| at Plate

Two other factors which are important in ultra-high frequency
tube consideration have been inferred, but not directly named in
the preceding discussion. These are the necessary low lead induc—
tances and the absence of dielectric in the field of the electrodes.
Lead inductance in the cathode causes losses in a tube in a some-
what similar manner to the effect of transit time. Our previous
requirement of heavy, short leads to carry the high R.F. current
automatically takes care of this consideration by lowering the in-
ductance of the leads. High frequency tubes use as little dielec-
tric internally as possible. The spacings between the elements are
maintained only by the rigidity of the elements themselves which
are normally supported directly from the glass seals.

For high frequencies when powers on the order of several hun-
dred watts to several kilowatts are required, a water-cooled tube
is generally to be preferred to an air-cooled tube of equivalent
power. The elimination of the large glass bulb, the increased dis-
sipation for a given plate size, the heavier, shorter leads, and
the superior glass seals are favorable points consistent with the
specifications we have set forth in the preceding paragraphs.

The use of a pure tungsten filament in a water —cooled tube
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allows the tube to clean up residual gases besides making the tube
considerably more rugged with respect 10 temporary overload; liow—
ever, the emission efficiency of tungsten filaments is low. This
is a decided drawback for television picture iransmitters and even
for television voice transmitters to a lesser degree. We shall con-
sider this point in our discussion of television picture transmit-
ters.

Ordinary triode and pentode transmitting tubes have been vast~
ly improved in the past few years and it is intriguing to speculate
upon the possible developments of the future. Two things are badly
needed to improve the performance of ultra—hlgh frequency tubes.
One is a rugged filament with high emission efficiency to permit
high values of peak current in the operation of the tube. The other
is a plate material or cooling medium which will increase the dis-
sipation per unit area from the grid and plate. Some form of lig-
uid cooling which could operate at ahigher temperature than water,
or water under considerable pressure, might meet these requirements.
An increase in dissipation would allow the tube to be made comnsid-
erably smaller, possibly even to the point where high—power pentodes
might be practicable.

5. WIRING AND ARRANGEMENT OF PARTS. The care and precision
used in the assembly and wiring of ultra-high frequency transmit-
ters is aconstant source of amazement to radio men whose experience
has been entirely with low frequency apparatus. Oftentimes it is
desirable to forsake conventional arrangements of parts when such

‘h__.—___— = “":__—., ' e
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Fig.10, High frequency transmitters are of functional design.

procedure will shorten lead lengths and improve the balance of the
circuit. "Utility first and appearance second" might be called the
high frequency slogan. Refer to Fig. 10, or back to Fig. 1 for an
example of this functional design.

Possibly the most important point inthe mechanical design and
in the assembly of these transmitters is in arranging for a good
ground connection. The ability to secure a good ground largely
determines the ease with which we can control the mode of operation
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of the circuit. At the risk of being somewhat elementary for this
advanced lesson, we will define ground and then explain how we can
secure it. For our purposes, the ground part of the circuit is
the point which does not change its absolute potential with respect
to the average potential of the universe. Notice we said that it
must have no change of voltage; in other words, no R.F. potential.
We do not care whether this point is at B- or B+ or whatever its
DC voltage may be, provided it has no AC voltage with respect to
any fixed potential.

There are two ways we can secure a good ground. One is by
the use of a large electrostatic capacity, such as a big chassis
or a power supply. Such a large mass of metal has considerable
electrical inertia. Trying to change its fixed potential is like
grasping the side of a building and trying to shake it. The second
way in which we can secure a good ground and perhaps the best way
for high frequencies is by the use of symmetry and balance in the
placement of parts. A symmetrical or push-pull circuit oscillates
about the point of symmetry, just as a see-saw moves up and down
on its pivot. The center point of our push-pull circuit we may
call the neutral plane and this neutral plane is our electrical
"see-saw" pivot. The use of a push-pull circuit gives us our bal-
anced type of ground and for a single ended circuit wemust arrange
for a large capacity type of ground.

If we explain why the baﬁa.nced type of ground is superior to
the single-ended type of ground, we bring up another important point
in our wiring problem. This point is the increased impedance of
the connecting leads on the higher frequencies. Once more we will
return to mechanical analogies for an explanation of this point.
First, if we had a large flywheel with an off-center axle turned
by a small motor, the motor as well as the flywheel would vibrate.
This is equivalent to an ungrounded, single—ended circuit. Now,
if we wanted to stop the motor from vibrating; that is, "ground it",
we could mount it on a base with heavy steel studs. This is equi-
valent to tying the ground portion of our single-ended circuit to
the chassis with heavy leads. These leads have a certain amount
of inductance so that their impedance is proportional to the fre-
quency at which we operate. On the high frequency with which we
are concerned, the impedance of even a few inches of #10 or #8 wire
becomes considerable. Returning to our mechanical analogy, we can
no longer say that we have mounted themotor with heavy steel studs;
our comparison is now as if wehad mounted the motor on rubber studs
so that the motor would vibrate almost as badly as when it was not
connected to a base at all. As the frequency becomes higher, even
the inductance of the chassis becomes important. In our analogy,
it would be almost as though our base were made of rubber. With
considerably care, it isalways possible to make a single-ended high
frequency circuit perform satisfactorily but it is gemerally easier
to arrange our circuits in a push-pull fashion.

While the ground connections fora single ended amplifier impose
the most stringent requirements, other circuits must also be wired
with care. Wire becomes almost a misnomer when used in connection
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with television voice transmitters. Wires are definitely not good
enough. Copper tubing or heavy copper straps are generally used to
form all connections, since the greater area results inless induc-
tance per urnit length. The length of all connecting leads must be
just as short as it is practical to make them. A typical 500-watt
transmitter might have connecting leads made of copper straps 2"
wide, with not alead in theentire transmitter exceeding four inches
in length if it is to carry R.F. current. A calculationof the re-
actance of apiece of #10 wire 4" long at 60 mc. emphasizes the im-
portance of this peirnt.

L = .002! 2.303 log 19471 -1+ b+ ?‘l x 10 ~* Henries

Where I and d are in cm.

& becomes .009 for #10 wire at 60 mc.
L= .083¢ x 10~* Henries
X = 2"fL "= 31.4 ohms.

All circuit components should be laid out with care, particu—
larly in push-pull circuits where all leads should be carefully
arranged for perfect symmetry. A difference in lead length between
complementary tubes in a push-pull circuit of one-half aninch might
cause unbalance in some cases. Output coupling links are partic-
ularly bad offenders since they are often called upon to feed a
single-ended load such as acoaxial transmission line. In spite of
extreme care in the layout of circuit components, some slight un—
balance will always occur. These unbalances result in an in-phase
component of R.F. current, and a return path to the center of the
tube filament should be provided for these currents. The circuits
in which these currents flaw are indicated by the X mark in Fig. 3.

Unless the leads in the transmitter are extremely short, an
appreciable portion of a standing wave appears across each of the
leads. Television transmitters operate on wavelengths below six
or seven meters so that the distance from a complete woltage max—
imum to avoltage minimum will beless than five feet. Furthermore,
the inductances required in the tank circuits are quite small be-
cause of the large capacity involved. Unless care is takea, most
of this inductance will be used up in the connecting leads so that
the tuning condenser is no longer across the tank inductance. The
total circuits associated with the tube must be considered as a
complicated network of condensers, coils and transmission lines.
Add to this the fact that the time of propagation of the current
along the connecting leads causes phase shift between the voltages
appearing at the tube and other portions of the associated eircuit
and you will see how important it is to use short leads.

We previously mentioned that ldarge diameter tubing or flat
copper straps were desirable in interconnecting the circuit com-
ponents. When parts are to be moved such as in the replacement of
tubes, one is often tempted to use flexible braid. This is to be
guarded against. The losses in copper braid or in stranded cables
are considerably higher than in copper strapsor tubing of anywhere
near the same size. On a lower frequency, such is not the case,
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but the losses on the higher frequencies are considerably greater,
as may be understood from a consideration of skin effect. Skin ef-
fect is the tendency of an R.F. current to travel only onthe outer
portion of the conductor. The higher the frequency, the thinner
the layer of copper in which these currents are carried. On tele-
vision frequencies, the current may travel in only a few thousandths
of an inch of the outer surface of the comnecting leads. Braid is
made up of many strands of fine wire which are interwoven. When
one strand of wire goes underneath other strands of wire, the R.F.
currents leave this wire and travel on the surface of the other
strands in such a way that the currents always travel on the outside
surface of the braid. Each time the current passes from one strand
to another, it suffers losses due to contact resistance of these
contacting strands.

6. TANK CIRCUITS. In radio transmitters, the tuned circuits
associated with the tubes are called tank circuits and are conven-
tionally formed from resonating coils and condensers. We proportion
the inductance, the capacitance, and the antenna coupling so as to
give a Q of from 10 to 20. The loaded Q of a tank circuit is the
ratio of the reactance of the coil or condenser to the total re-
sistance in the circuit. In Fig. 11, this total resistance is
Ro + Rr, and consistsof the reflected resistance of the output cir-
cuit and the equivalent loss resistance of the tank. In television
transmitters, the tube capacities, the capacitiesof the neutraliz-
ing condensers, the stray capacity, and the capacity of the tuning
condenser, set a certain minimum limit which is generally higher
than the value we would like touse. Excessive tank capacity causes
increased losses in the tank circuit as we shall see from the fol-
lowing discussion.

Eo

3
2

XL = Xc

Ro RT

Reflected Resistance of Output Circuit.
Loss Resistance of Tank Circuit.

RO =
RT:

Fig.11 Effect of LC ratio on tank circuit loss.

If we maintain the proper load and secure a constant power
output from the transmitting tube shown in Fig. 11, the voltage Eo
developed across the tank will be constant regardless of the LC
ratio. As we increase the tank capacity (decrease Xc and X1) the
circulating current I, will be increased. If we double C, we must
use only one-half the value of L to maintain resonance. If we use
a coil of only one-half the inductance of our original design, the
loss resistance of the circuit (Re) will be halved and the circu-
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lating current doubled. Since the power dissipated in the loss
resistance is I°R, the loss in the tank (Ro) will be doubled:
W= I°R
= (22 xg=2

The tank losses in an ordirary coil-condenser combination are
considerably increased at higher frequencies not only because of
the decreased LC ratio, but also because the eddy current losses
and skin effect are greater. The tank losses cause considerable
heating of the coils and condensers causing them to expand and go
out of tune as the transmitter warms up. Furthermore, the heating
leads to early corrosion which increases the resistance of the coil
and in turn increases the losses in the tank. The obvious expedi-
ent of choosing a larger diameter conductor is not a satisfactory
remedy since the distributed capacity between turns increases in
such a way that the decreased resistance of the copper ismore than
offset by the increase in circulating current in the coil. -For low
or medium power tubes where considerable care can be taken to re-
duce stray capacities, conventional tank coils are quite satisfac-
tory, but for some applications, particularly for higher pcwer in-
stallatiéns, other forms of tank circuits must be sought.
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Fig.12 Kolster low-loss tank circuit.

The tank circuit which is the nearest approach to the coil-
condenser combination 1is the single turn torroid, developed by
Dr. F. Kolster. This circuit is illustrated in Fig. 12. Because
of the peculiar shaped tank circuit resembling two derbies placed
together, this is often known as the Kolster "hat". This is a
single turn coil with the tuning condenser formed by the brims of the
hats. For a given amount of circulating energy, this coil develops
refatively small losses for several reasons. Since the current
flows on the inside surface of the hat, the flux produced by this
current is entirely contained within the hat. Thus, there is neg-
ligible radiation loss. An ordinary coil has considerable loss of
this type due to the leakage flux. Conventional coils tend to con—
centrate the current in avery small portionof the individual turns
due to the manner in which the flux links these turns, causing eddy
currents and crowding of the electrons. In the case of the Kolster
circuit, the current flows uniformly around the inside of the hat
and because of*this even distribution of current and the large copper
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area involved, the resistance losses in the circuit are exceedingly
small. A third and perhaps less important reason for the good per-
formance of these tank circuits is that there is no dielectric in
the electrostatic or electromagnetic fields as there is likely to
be in conventional coils and condensers.
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A more commonly used form of high frequency tank circuit is
the parallel rod or transmission line tank illustrated in Fig. 13A.
Here we substitute the distributed inductance and capacitance of
the line for the lumped inductance and capacitance which we are ac—
customed tousing. Notice in Fig. 13A the standing waves of voltage
that develop when we feed energy into a quarter-wave transmission
line. The theory underlying the performance of transmission lines
will be considered in detail when we study television transmitting
antennas and their feed lines. Although a section of line used as
a tank circuit is electrically one-quarter wave long, its physical
length is generally somewhat shorter than this because of the tube
capacity and stray capacity which exist across the end of the line.
In order to resonate these capacities we must make the transmission
line tank circuit slightly inductive which is done by diminishing
its length. For large tubes with their attendant high capacity,
the physical length of the tank circuit might be as short as one-
eighth of a wavelength.

The parallel line type of tank circuit will develop more cir-
culating energy for a given loss than will conventional coils and
condensers, because the area of the copper may be increased asmuch
as we please without changing the IC ratio (provided we increase
the spacing between the lines). In this case, L and C are distri~
buted values and their ratio depends only upon the surge impedance
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of a line which in turn depends upon the ratio of the line spacing
to the line diameter in the following manner.

~— ~d
Zo = 276.5 logio %S O ©
— G
This is an approximate form but is satisfactory for all practical
values of line; that is when S+d is greater than 2.7 or when Z is
greater than 200 ohms.

Another type of transmission line having most of the advantages
of the parallel lines, with some others besides, is the concentric,
or coaxial type of line. A tank circuit formed by a quarter-wave
coaxial line (illustrated in Fig. 13B, and seen in Figs. 1 and 10)
has even lower losses than the parallel lines just described. Like
the Kolster "hat", the field of a concentric transmission line is
contained entirely within the outer conductor whichacts as a shield,
thus lowering radiation and dielectric losses. Furthermore, the
currents that flow on the outer surface of the inner conductor and
on the inner surface of the outer conductor are uniform about the
circumference of any cross section. In the case of the open wire
or parallel type of lines, there is some crowding of ithe electrons.
Concentric lines do not lend themselves quite as readily to push-
pull amplification and, in general, they are somewhat more difficult
to arrange mechanically. %’he parallel line tank circuit is tuned
by adjusting a short circuiting jumper which varies the length of
the useful portion of the iine. The same idea can be used in tuning
the concentric line, but the doughnut-shaped disc to perform this
action is difficult to build. If we can tap the load or input con-
nection to the line at other than the open end of the line, we can
vary the tuning by changing the length of the inner conductor pre-
viously arranged for telescoping as shown in Fig. 13B.

The use of the high Q tank circuits just discussed not only
lowers the losses in the tank but improves the selectivity of these
tuned circuits when they are lightly loaded. The use of a high Q
tank in anoscillator is amethod of frequency control ideally suited
to ultra-high frequency transmitters. Using a Kolster hat or a
concentric transmission line tank circuit, we can build an oscil-
lator having frequency stability equivalent to or exceeding that
of crystal controlled transmitters. Let usemphasize again that we
must consider frequency stability in terms of percentage of the car-
rier frequency.

All other circuit constants being equal, Q is the measure of
percentage of frequency stability of the transmitter. The Q for a
good crystal might run upwards of 10,000. Let us compare these
values with what can be obtained by use of concentric quarter-wave
transmission line tank circuits. It has beer determined that there
is an optimum ratio of outer conductor to inner conductor diameter
for any given outside diameter of coaxial line to obtain maximum
Q. This ratio has been found to be 3.6. Curves showing the un-
loaded Q of transmission lines of various sizes and at various fre-
quencies are illustrated in Fig. 14. It is seen that for frequen-
cies above 40 or 50 megacycles, the diameter of line having a Q of
10,000 or greater becomes quite reasonable. Fortunately,the Q of
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a transmission line goes up with the frequency. Since it becomes
increasingly difficult onvery high frequencies to obtain sufficient
excitation from doublers following a crystal oscillator, there is
a double advantage in the use of this type of tank circuit on fre-
quencies above 1%0 megacycles.
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Fig.14 Q versus OD of coaxial copper tank circuits.

At frequencies now used for television wvoice transmitters;
that is, in the vicinity of 40 to 50 megacycles, there is some de-
bate as to the superiority of crystal control versus transmission
line control of transmitters. In the case of crystal control, there
isamultiplicity of tubes and circuits. In the caseof transmission
line control, certain other refinements required are partial dis-
advantages. In the first place, the lines themselves aremoderately
bulky and expensive. The lines must be mounted so as to be vibra-
tion-proof. Furthermore the wvalues of ( as indicated in Fig. 14
are unloaded values and are not approached inpractice unless spec—
ial precautions are taken in the design of the oscillator circuits.
The principal requirement is that the oscillator must be very light-
ly coupled to the concentric line and must feed back aminimum amount
of energy to this line from its plate circuit. To accomplish this,
the oscillator is partially neutralized and the neutralizing con-
densers are used as a feedback control. Furthermore, the grid of
the oscillator is tapped near the grounded end of the coaxial tank
circuit so that only a small portion of the energy circulating in
the tank circuit is delivered to the oscillator. Another require-
ment is that the oscillator itself must be lightly loaded by the
buffer amplifier in order that it will work with a minimum amount
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of excitation and a minimum reaction to the grid circuit by changes
in the plate circuit. This requirement means that the oscillator
will be working with relatively lowefficiency and therefore larger
tubes are required than would be the case inthe crystal controlled
circuit. Since the tank circuit doescarry considerable circulating
energy, and since it is subject to ambient temperature changes, the
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expansion and contraction of the copper during normal operation of
the transmitter will cause detuning of the tank circuit. Several
ingenious means have been devised to compensate for this effect.
The simplest and most common method is the use of an invar rod in-
side the center conductor of a coaxial line. This rod is con-
nected to a flexible bellows on the end of the inner conductor.
This invar bar, which does not change its length with temperature
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changes, maintains the length of the inner conductor and thus de-
termines the frequency of the tank circuit, regardless of temper-
ature changes. Several more precise, but more complicated means
include the use of a bellows filled with oil, connected to an oil
expansion chamber which changes with temperature; and the use of
a compensating condenser whose spacing changes in such a way that
the capacity variation compensates for the changes in tuning of
the tank circuit. Some of these means are illustrated in Fig. 15.
A typical transmitter circuit using a line controlled oscillator
is shown inFig. 16. This is the newColumbia television transmitter
installation in New York City.
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Fig.16 Circuit of the CBS television sound transmitter in New
York City.

7. FURTHER APPLICATIONS OF TRANSMISSION LINES AS CIRCUIT EL-
EMENTS. One transmitting application of a quarter-wave section of
transmission line is known as a metallic insulator. This applica-
tion could also be thought of as a single frequency choke coil.
Thus we can ground one end of a quarter-wave rod and the other end
will exhibit an extremely high input impedance. A section of quart-
er-wave coaxial line shorted at one end presents an even higher
input impedance because of its lower losses. Thus we might use a
quarter-wave steel bar to support anantenna structure so that while
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the antenna would be effectively insulated from ground with respect
to R.F. currents, agood DC ground would exist for lightning protec-
tion and for heating current when it is desired to melt sleet and
ice on the antenna. A quarter-wave section of transmission line by-
passed to ground at one end might be used to feed plate veltage or
bias voltage to an amplifier, just asatuned R.F. choke coil might
be used to feed in plate voltage or bias voltage to anamplifier on
the lower frequencies.

. Sections of transmission lines not only form good insulators,
but when desired can be so arranged as to form exceedingly effective
short circuits. A low loss line one-quarter wave long, open at the
far end reflects a short circuit at the input end. Thus, if we had
two points several inches apart, we could secure amuch betier short
circuit between these points by using a line a quarter of a wave
long, open at the far end than we could ottain by wiring directly
between the two points. This would bean effective R.F. short circ-
uit only. If we also wanted to supply a path for direct current
we should use a half-wave line, short circuited at the farend. The
half-wave line reflects the same impedance at the sending end as
we place across the far end of the line. In this case we can nulli-
fy the reactance of the shorting bar on the end of the half-wave
line by adjusting the line to a slightly shorter length than a full
half-wave. Here again we can secure a better short circuit than
we could by wiring directly between the circuit elements. This
almost seems like a case where the shortest distance between two
points four inches apart is a half-wavelength.

The most useful application of this principle is in inter-con-
necting vacuum tubes. You will recall from our section on ultra-
high frequency transmitting tubes that ome of the limitations in
the design of these tubes was the inability to build tubes which
were sufficiently small to eliminate the effect of standing waves
on the tube elements and the leads to these elements. Omne way to
eliminate the effect of these leads is simply to extend them until
the total length of the leads plus the extension becomes a half-
wavelength long. Thus if we wish to eliminate the effect of the
standing wave on the filament leads, in the tube illustrated in
Fig. 5, we operate two of these tubes in push-pull and connect the
filements together through ahalf-wave section of transmission line.
By shortening this transmission line we can cause it to have a re-
actance which will nullify the inductive reactance of the tube
leads. The voltage distribution along the half-wave line comnect-
ing the filaments of a push-pull stage is shown in Fig. i7.

A serious problem isoften presented on the ultra~high frequen-
cies by the necessity of operating several tubes in parallel, to se-
cure the desired power. Half -wave.lines provide a satisfactory
means of accomplishing this. One of the tubes isconnected direct-
ly to the tuned circuit to be used. The other tubes are placed in
a row and connected together and tothe first tube by means of half-
wave lines which are subsequently tuned to balance out ithe react-
ance of the tube elements and tube leads. The operation is then
almost as ifthe tubes were connected internally, without any leads
whatsoever.
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One interesting property of transmission lines is the ability
of a quarter-wave section of line to act asan impedance transformer.
This property plays an important part in the television antenna sys-
tem and in the television picture transmitter. Since the impedance
transformer may find occasional use in voice transmitters, we will
describe it briefly here. You will recall inour discussion of in-
sulators and short circuits that if we opened one end of a quarter—
wave line, the other end appeared to the circuit as a short. When
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Fig.17 Use of nalf-wavelength interconnecting line to eliminate
the effect of filament lead inductance.

we closed one end of the quarter-wave line, the opposite end appeared
as an open circuit. PFor terminations other than a short circuit
or an open circuit, the line transforms to intermediate values of
resistance in such a way that the line is always the mean between
the sending end and the receiving end impedances. Thus if we have
a line whose characteristic impedance is 100 ohms, and we terminate
& quarter-wave section of this line in ten ohms, then the opposite
end of the line will appear to the circuit as a 1,000 ohm resistor.
This is represented nathematically as follows:

For a line of length = A/4:

Zin = Zo or Zin - Jo*
Zo Zout Zout

Zo = Characteristic impedance of line (surge impedance).
Zout= OQutput or terminal impedance of line.
Zin= Impedance reflected at input of line.

Occasionally this type of line might be used to match from the im—
pedance of an antenna transmission line to the plates of the R.F.
amplifier. In this case, the line would replace the tank circuit
and it could be considered either as a tank circuit or as an im—
pedance ‘transformer.

Another property of a transmission line which is sometimes
used in the voice transmitter is that of a phase inverter. When
a voltage is applied to a transmission line, it takes time for it
to travel from one point on the line to another. For a half-wave
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section of the line, it tales the time equivalent to one-half wave-
length, or 180°. When weapply a R.F. voltage to ahalf-wave trans-
mission line, there appears at the opposite end an equivalent volt-
age which is 180° out of phase. This useful property permits usto
use a half-wave section of the line wherever it is desirable to
rotate the phase of the voltages. In the transmitter illustrated
in Fig. 1, such a line is used to couple from the grid of one os-
cillator tube to the grid of the other oscillator tube. One of
these tubes isalso supplied with voltage from the large coencentric
tank circuit which acts as a frequency control. The half ~wave
line then serves to invert the phase of this voltage and apply it
to the opposite tube so that a push-pull oscillator is controlled
from a single ended tank circuit.

8. (COMPONENT PARTS. At the present time, few tramsmitting
parts are rated for ultra-high frequency application, and this makes
the selection of parts for a television voice transmitter an ardu-
ous task. This is further complicated by the fact that three mu-
tually opposed situations exist. First, it is desirable to use
components of an exceedingly small size to reduce standing waves
and inductance effects. Second, the size of apparatus generally
increases as the power handling capability is increased. Third,
the power handling capability of most apparatus decreases as the
frequency increases. Therefore, our high frequency application
requires components of high power ha.ndling capability, but unfortu-~
nately, such apparatus is generally exceedingly bulky and, therefore,
undesirable. Such is the dilemma of ultra~high frequency transmit-
tfr design. Let us considera few of the component parts specific-
ally.

The R.F. bypass or coupling condensers present a serious prob-
lem, especially for high power work, Due to the ultra-high fre-
quéncy and the unavoidable tube and minimum circuit capacity, high
R.F. currents are encountered, therefore the bypass or coupling con-
densers may be called upon to carry 30 or 40 amperes. Furthermore,
since the circuit and tube capacities present a fairly low react-
ance, the condensers must carry this current without imtroducing
appreciable reactance into the circuit. Specifically, the react-
ance should not exceed 15 or 20 ohms for most applications and
this calls for a capacity of several hundred micro-microfarads,
even at television frequencies. At 50 megacycles, a 500 mmfd. con-
denser would have a reactance of 6.4 ohms, provided that the in-
ductance of the condenser plates and the associated leads could be
kept to a negligible value. Foragiven capacity, the voltage drop
across a condenser goes down as the frequency goes up. On theother
hand, the dielectric loss factor increases with frequency. In gen-
eral, the result is that the current-carrying capacity of conden-
sers are considerably lower for television frequencies than for
ordinary broadcast frequencies. For transmitters on the order of
1 kw., this is no particular problem except one of cost. Standard
mica condensers are available which will carry several amperes at
50 me. Their physical size, 3" to 6" cube, is reasonable and the
cost generally runs between 5 and 30 dollars. For a high powered
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transmitter, bypass condensers must be selected with more care in
order to avoid trouble due to their larger size.

The subject of tuning condensers is not extremely important
because they are seldom used inhigh frequency transmitters of 1 kw.
or over. In large transmitters, the bulk of the tuning process is
accomplished by adjusting the length of the resonant line tank
circuits in conjunction with the unavoidable fixed tube and stray
capacities. In this case, a trimmer may be used for fine tuning
adjustment, consisting of two parallel disc plates, one of which
is controlled with a micrometer type of screw adjustment. These
plates are mounted directly upon the resonant line tank circuit
without the use of insulators and are somewhat similar in appear-
ance to the disc type neutralizing condensers widely adopted by
amateurs.

In lower power transmitters where it is sometimes desirable,
for compactness and ease of adjustment, to use ordinary coil and
condenser type of tanks, the condensers are chosen with several
points in mind. PFirst, they must have an exceedingly low minimum
capacity and their maximum capacity should not be greater than nec-
essary for ease of tuning and coil adjustments. For split-stator
condensers used in push ~pull operation, 30 mmfd. per section is
usually ample. Secondly, these condensers should be of the low~loss
variety. There should be a minimum quantity of high quality insu-
lating material, so arranged as to give a moderately long leakage
path. The plates should have well rounded cormers or edges and the
connecting lugs to the plate assembly should be short and heavy.
The wiping contacts that carry current to the rotor should have
sufficient area to carry the high currents encountered at these
frequencies. They must not be long and they must make positive
connection to the rotor, A third consideration is the design of
the framework and the method of applying current to the rotor struc-
ture. This should be accomplished without having closed loops in
the supporting mechanism of the condenser frame which might reso-
nate near the operating frequency. The connection to the rotor is
preferably made at the center, inorder that the use of the condens-
er in a push-pull stage will not unbalance the circuit.

Neutralizing condensers deserve careful consideration both as
to their placement in the circuit and to their mechanical design.
The most important points are to keep the leads extremely short,
and to preserve balance and symmetry in the case of a push~pull
stage. The function of the neutralizing condensers is to form a
balanced bridge in such a way that noenergy feeds through from the
grid circuit to the plate circuit. In a push-pull stage, two arms
of this bridge are already formed by the grid-plate capacity of the
amplifier tubes. Now, if the leads to the mentralizing condensers
are of appreciable lengths, then the other arms of the bridge formed
by the neutralizing condensers consist of both capacity and induc-
tance. The neutralizing condensers must than be adjusted to balance
out the reactance of their connecting leads as well as to compen~
sate for the capacitance in the tubes themselves. Since the reac-
tance of the connecting leads increases with frequency while the re-
actance of the neutralizing condensers decrease with an increase
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in frequency, it is obvious that the bridge is balanced only for
one specific frequency. When the lead lengths become appreciable,
we may neutralize anamplifier with the plate voltage off tc prevent
feed-through of energy from the grid circuit to the plate circuit;
yet, when we apply the plate voltage, the amplifier will oscillate
on some other frequency where the bridge neutralizing circuit is no
longer balanced. In low power transmitters, good neutralization
is obtained by the use of the smallest possible neutralizing con-
densers, placed as close as possible to the tubes themselves. In
the case of high powered transmitters, small neutralizing condens-
ers and short leads are not possible. Even when considerable care
is taken in the layout of the circuit it often becomes necessary
to heavily load the amplifier, by tight coupling to the antenna
circuit, in order toprevent self-oscillation. In the large water-
cooled tube illustrated in Fig. 5 (type 899), the grid lead inside
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Fig.18 The capacity between
he internal grid lead and a
leeve enclosing the end of the
ube forms a convenient neutral-
zing condenser for a type 899
ube.
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the tube isof considerable length. Fortunately, it isof sufficient
size to allow an expedient which greatly improves the neutraliza-
tion of this particular tube. It has been found that a cylinder
of metal slipped over the glass envelope that contains the grid lead
can be adjusted until the capacity to the grid lead itself, in con-
junction with this cylinder, forms theneutralizing condenser. When
two of these tubes are operated in push-pull and are placed close
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together, it is easy to see that the criss-cross neutralizing leads
connecting opposite plate and grid neutralizing sleeves are exceed-
ingly short. This forms a very satisfactory means of neutralization,
considering the size of the tubes involved. One of these neutral-
izing condensers is illustrated in Fig. 18.

In order to mount the various components, it becomes necessary
to use a certain number of insulators. These are used as sparingly
as possible, and wherever losses are important, they are placed at
a point of low voltage and out of the intense radio frequency field.
Rigidity of construction is frequently more important than elimin-
ating the last vestige of power loss, and when insulators are used,
they are chosen with due regard to their mechanical strength and
loss characteristics. Since the dielectric constant of insulating
material is considerably greater than unity and since there iscon—
siderable R.F. voltage developed across the insulators there re-
sults a R.F. current flowing through them. This current produces
heating in the insulators due to the dielectric losses of the ma-
terial. In medium power transmitters on the order of one to sev-
eral kilowatts, even good Isolantite insulators run warm to the
touch. Since the capacity across the insulator is constant and the
dielectric of the insulator is constant, the current flow, and,
consequently, the losses produced increase asthe carrier frequency
is increased. Thus our television voice transmitter, which oper-
ates in the vicinity of H0 megacycles or higher, is subject to con-
siderable insulator loss.

Bakelite, which is a fairly good insulator on the lower fre-
quencies is entirely unsuited tohigh frequency application. Bake-
lite insulators used in spacing open wire transmission lines carry-
ing only 1 kilowatt will heat to the point of blistering and, oc-
casionally, catch on fire. Hard rubber is much superior, and cer-
tain types of special hard rubber have very low-loss characteristics.
Aluminized hard rubber, commercially knmown as X2B, is excellent.
Forms of good ceramic insulators, such as Isolantite, Steatite,
etc., are quite satisfactory from the standpoint of strength, as
well as having good insulating properties. Such insulators are
the most common in use at these frequencies. It is practically
impossible to machine these ceramics, and they must be molded and
fired in their final shape. For certain applications, other types
of insulating material would be selected. Micalexis fairly satis-
factory and can be machined, but it isquite brittle. Victron, Am—
phenol, and other phenolic compounds exhibit extremely low-loss
characteristics on the ultra-high frequencies. They are very easy
to machine, but unfortunately they are brittle; also they become
soft and pliable when subjected to heat. The losses and heat de-
veloped from various causes in a transmitter prohibit the use of
these materials for most applicationms.

In high power transmitters, even Isolantite and ceramic insu-
lators must be selected with care. It is necessary to avoid con-
centrating the electrostatic flux at any point in an insulator in
order to prevent local heating. For instance if ametal screw pro-
jects into the body of an insulator, the largest R.F. currents in
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the insulator will emanate from the point of the screw. The heat
produced at this point in the insulator may cause the insulator to
shatter. This can be avoided to some extent by the use of corona
shields in the form of caps into which the insulator sets. These
tend to divert the current uniformly around the outside of the in-
sulator.

9. MEASUREMENTS AND ADJUSTMENT TECHNIQUE. To successfully
adjust and operate our sound transmitter, we must be able to mea-
sure the power input and output as well asthe operating frequency.

To obtain our approximate frequency, we may use one of the com-
mercially available wavemeters, or we may resonate a section of
transmission line and observe the distances between the voltage
maximums or minimums. If the line is loss~free, the current will
travel on the wire with the velocity of light and we can calculate
our frequency or wavelength from the following:

A= _21
39,57 Meters

or: =30 o, = 300 ¥ 3937 Megacycles

Where: 1 = distance in inches between successive voltage maximums
or minimums.

In using the transmission line or letcher system, we can tune it
by adjusting the position of a short-circuiting bar near ome end,
shown as S in Fig. 19. The distance from this bar, which will be
a voltage minimum to the next voltage minimum, should not be taken
as an indication of the operating frequency, because the residual
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Fig.19 Letcher wire measurement of operating wavelength.

inductance of the short-circuiting bar causes this. first section
of line to be somewhat shorter than our frequency would indicate.
To avoid these end effects we should measure the distance between
soltage maximums or minimums.
thermo-galvanometer (M of Fig. 19) is used as a low range
voltmeter and moved along the line until a point of minimum volt-
age is indicated. As the voltage decreases, the coupling at C can
be increased, raising the voltage on the line and increasing the
effective sensitivity of the voltmeter. After onevoltage minimum,
such as A, has been determined, the voltmeter should be moved to the
next minimum, B, and the distance between these points entered as !
in the formula above. If the letcher system is sufficiently long
to obtain several nulls, the distances between them can be averaged
to obtain an ! of greater accuracy.
Having determined the approximate frequency, wemust resort to
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a heterodyne type of frequency meter for an accurate indication.
At the present time, the television frequency deviation, for both
the sound and the picture carriers should be held to within .05%.
To maintain this stability, they should be continuously monitored
with a frequency meter whose accuracy is at least twice as good as
the frequency tolerance; that is, the frequency meter should be
able to measure to within .025% of the indicated frequency. At
least two commercial frequency meters are available which will meet
these requirements.

The type 620A Heterodyne Frequency Meter, manufactured by the
General Radio Company can be used to measure frequencies up to 300
megacycles with an accuracy of .01%. It consists of a calibrated
oscillator which beats with the received signal in a triode detect-
or. The audible output is supplied through one stage of audio am-
plification. The oscillator is continuously calibrated by a one
megacycle crystal oscillator of high stability which generates mul-
tiple harmonics in such a way that a beat is obtained on every one
megacycle division on the main dial.

The new type 303A RCA Frequency Limit Monitor is suitable for
frequencies up to 45 megacycles, with an accuracy of .005%. It is
entirely possible that this could be adapted for higher frequency
use.

Radio frequency currents inthe television band can be measured
with ordinary R.F. ammeters when certain correction factors are
applied. The thermocouples incorporated in these meters are quite
short and reasonably straight so that the current flowing in the
thermocouple is uniform. The appreciable diameter of the thermo-
couple and its low resistance (in the case of the higher range
meters) causes the thermocouple to exhibit skin effect which we
have already discussed. The skin effect increases the resistance
of the thermocouple for high frequencies sothat more power is dis—
sipated in the instrument for agiven current. Since the meter is,
in reality, a power measuring device, this causes the meter to
read high. In Fig. 20 we see what corrections must be applied for
a particular meter operating at a particular frequency.

The power input toahigh frequency transmitter can be measured
as in low frequency practice. Power output measurements may be
made in three ways. First, we may obtain a non-inductive resistor
which we substitute for the antenna load and measure the radio fre—
quency current flowing in this resistor. Second, we may take any
load available, such as an antenna system, or a dummy antenna; then
after tuning to resonance, measure the input resistance of the sys-—
tem. The process of resonating the antenna system as well as the
methods of RF impedance and resistance measurements will be de—
scribed in the lesson on television antenna systems. The antenna
can then be used as a transmitter load in conjunction with a cur-
rent meter to obtain the output power of the transmitter. The
third way that power measurements may be made is by the use of a
group of electric lamps. The light output is measured by a photo-
cell. This system can be calibrated on DC and applied with fair
accuracy to the high frequencies. If a photocell isnot available,
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a similar bank of lights may be supplied with 60-cycle current and
the brilliance of the two light banks compared visually. The non-
uniform current distribution in the lamps due to their appreciable
inductance causes some error in either of these methods.

The first method using carbon resistors is generally applied
to low power installation on the order of a few watts. Where high
power is involved it becomes increasingly difficult to secure a
non-inductive resistor. A resistor capable of high dissipation has
recently been manufactured by the International Resistor Company
which consists of a metallized coating on a glass tube an inch or
more in diameter and about 10 inches long. This resistor may be
mounted in a jacket and water-cooled. A group of these water—cooled
resistors will form a load for a transmitter of several kilowatts
and the power output of the transmitter may be measured either by
measuring the current flowing in the resistor or by observing the
temperature rise and volume of the water that circulates through
the jacket.
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The adjustment of a television sound transmitter is carried
n in exactly the same manner as the,adjustment of a low frequency
rausmitter. Parallel line tank circuits are tuned by varying the
osition of the short circuiting slider until resonance isobtained.
eutralizing condensers are adjusted for minimum feed through of
nergy between the grid circuit and the plate circuit of a stage
hen the plate voltage is removed. Asinlower frequency operation,
e can do this either with indicdting lamps or thermogalvanometers,
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or we can adjust the neutralizing by observing the dip in the grid
meter as the plate tank istuned through resonance. One precaution,
which is more important for high frequency transmitters than for
transmitters operated on low frequencies, is the detuning effect of
the neutralizing adjustments on the grid and plate tank. When we
neutralize the stage, we must vary the neutralizing condenser in
small steps and continually readjust the grid and plate tanks to
resonance. Variations in hand capacity or altering the positions
of adjacent parts must be guarded against, due to the increased
effect of these capacity changes on the high frequencies. When the
coupling between stages is by the use of direct mutual coupling
between the plate coil of one stage and the grid coil of the next,
or when the stages are coupled together by the close proximity of
the transmission line tank circuits, very efficient transfer can
be had with moderately loose coupling. However, in the low power
stages where sections of a solid dielectric transmission line are
used in conjunction with link coupling, considerable losswill take
place in the coupling lines unless the coupling loops are adjusted
until standing waves in the transmission lines are avoided.

In the case of line controlled oscillators, there isone major
point to consider in their adjustment. The oscillator tubes should
be as lightly loaded and as loosely coupled to the frequency con-
trolling tank circuit as is permissible. This was covered under
the section on tank circuits with particular reference to frequency
control, .

After the transmitter is completely adjusted, there still re-
mains the problem of transferring the power output to the antenna.
Current practice calls for the use of a terminated transmission
line to feed the power output of a transmitter to the antenna sys-
tem. Regardless of the type of antenna used, the impedance reflect-
ed at the transmitter will be the characteristic impedance of the
line. We could remove the transmission line from the output of
the transmitter and replace it with an equivalent resistor with-
out affecting, in any way, the operation of the transmitter. Our
problem then is simply one of developing the greatest power output
from the transmitter inte a certain value of resistance, usually
70 ohms. At the present time, no special means are incorporated to
suppress the harmonic output of the transmitter other than good
design in the transmitter itself and in the tuning of the antenna
system. The simplest type of output coupling may be used. Usu-
ally, we either tap off the output circuit through condensers a
few inches from the short circuiting bar of the line tenk or simply
couple to the tank with a single turn loop. Occasionally this coup-
ling loop is tuned. These methods are illustrated in Fig. 21.

Before dismissing the subject of adjustment technique we should
add a word of caution about parasitic oscillations. Inourprevious
study of transmitters, parasitics were often eliminated by the use
of parasitic chokes and resistances. These components cannot be
used in television voice transmitters. The frequencies at which
these transmitters are operated are not greatly removed from the
limiting frequency of the tube and the frequencies at which the
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parasitics occur. Therefore, when parasitics develop, any attempt
to remove them by the use of chokes and resistors would greatly low-
er the efficiency of operation at the carrier frequency. The only
cure for high frequency parasitics is altering the circuit in such
a way as to remove them or by extreme care in the design of the
transmitter in the first place. Electron oscillations in the tubes
themselves can generally be eliminated by altering the plate orgrid
voltages or the driving power of the tube.
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Fig.21 Typical antenna coupling methods in use at ultra-high
frequencies.

A frequent trouble encountered is that of resonance between the
power supply leads and the by-pass condensers, or between the fil-
aments of the tubes and the by-pass condensers. Altering the length
of these leads or changing the capacity of these condensers changes
the tuning of these circuits, or we may remove unnecessary bypass
condensers. Occasionally we are bothered with the simultaneous
push-pull and parallel operation of two tubes which are intended
to operate only in a push-pull manner. To test for this, you can
short circuit the plates or grids of the tubes in question. If
they continue to oscillate, or amplify, as the case may be, they
are working in a parallel mode. This operation can be prevented
by detuning the circuit through the addition of by-pass condensers
or choke coils in the supply leads.

10. OTHER TYPESOF HIGH FREQUENCY TRANSMITTERS. Astelevision
comes into popular use, there will be a demand for more channels
than the seven assigned between 44 and 108 megacycles. The only
available portionof the radio spectrum isat the higher frequencies.
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Circuit and tube limitations prevent present day high power ope
tion above 100 megacycles, but tubes and circuits are continua
improving. We would do well to corsider both the advantages
higher frequencies and the circuits and tubes that have been ct
sidered as possible sources of RF power for these frequencies.

we go higher and higher iu frequency, the shadowing effectsof buil
ings and hills becomes more noticeable. Likewise, the power ¢
sorption of intervening objects is increased. This indicates t
the field delivered at the receiver is less in the case of we
high frequency transmission. If the same physical size of anter
is incorporated for a 50 mc. as for a 500 mc. transmitter, it c.
be a more complex array inthe case of the 500 mc. transmitter, and
theretore concentrate the energy in a useful direction so that a
net gain would result by going to the higher frequency. Furthermore,
the noise encountered is less as the carrier frequency is increased.
By the time we have reached 600 mc., even automobile ignition in-
terference, which may ruin reception at (0 megacycles, has little
effect. When we operate on an exceedingly high frequency, the re-
ceiver can tune over a band of many megacycles with a reasonable
percentage change in the constants of the tuned circuits so that
the reception of a large number of channels becomes practicable.
The large number of available channels on wavelengths around 1
meter or below will allow the use of numerous relay stations which
may eventually become important in the chain operation of televis—
ion stationms.

The three best known ways of securing R.F. power on the centi-
meter wavelengths are the use of specially designed triodes and
pentodes operated in conventional circuits, the Barkhausen Kurz
electron oscillator, and the split-anode negative resistance mag-
netron. Of these three, the first and last mentioned seem to have
the best possibilities.

Small push-pull pentodes have been constructed which will give
a power output of 10 watts at 150 mc. These tubes have two pairs
of elements in one glass envelope and the filament center tap is
connected to a metal sheet and to the suppressor. The screens are
connected to another metal sheet which forms the screen by-pass in
conjunction with the closely spaced filament-suppressor connecting
sheet. This by-pass condenser also serves asan electrostatic shield
between the input and output circuits. A novel triode has also
been developed in the laboratories whose elements are, essentially,
a continuation of atransmission line which goes completely through
the tube. The tube's leads are extended in the formof transmission
line tank circuits on both ends of the tube. Thus the tube capaci~
ties and lead reactances are divided between the two tank circuits.
This double-ended tube is capable of a power output of 60 watts at
300 mc. A smaller model of this type will give an output of 2 watts
at 1500 mc. These particular tubes are not commercially available,
but at least one American commercially-available tube (WE 3164) is
capable of an output of § watts at a wavelength of 60 centimeters
(500 mc.). The WE type 304A is capable of 30 watts at 220 mc.

The Barkhausen Kurz oscillator utilizes an ordinary triode
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having cylindrical grid and plate elements. The grid is operated
at a highly positive potential and the plate is operated somewhat
negative. Under such conditions, the electrons are accelerated
rapidly toward the grid, but most of them pass through the inter-
stices of the grid mesh. 3Sefore reaching the plate, they are turned
around by the negative plate potential and attracted by the positive
grid potential and way or may not strike the grid on their return
path. The electrons will oscillate abtout the grid wires =z random
number of times and at random frequencies. If, however, a tuned
circuit is placed between the grid and plate in the form of a par-
allel line tank circuit, the e%ectrons will oscillate in the form
of clouds and deliver power to the tank circuit. Such oscillators
will deliver as high as 8 watts at a wavelength of 50 centimeters,
but the power becomes vanishingly small at their limiting frequency
of around 6 centimeters or 5,000 megacycles. The efficiency of
this type of oscillator is inherently low, ranging from 1% to 7%
with values on the order of 2% and 3% being typical. Furthermore,
most of the dissipation occurs at the grid and there is no conven-
ient means for cooling this electrode.
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Fig.22 High power exper.mental magnetron. The large coil that
surrounds the tube and produces the intense magnetic field is not
shown in this figure.

The frequency of the Barkhausen oscillator isnot particularly
stable. It is influenced chiefly by the structure of the tube and
the applied grid voltage, but to some extent by the tuning of the
tank circuit, the plate potential, and the filament temperature.

The magnetron is another form of electron oscillator. The
magnetron tube consists of a straight wire filament, coaxially sur-
rounded by two plates formed of a split cylinder as illustrated in
Fig. 22. A magnetic field is applied to the tube in such a way
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that the lines of force are parallel to the axis of the tube. A
positive voltage is placed on the platesof the magnetron. The pos-
itive woltage tends to attract the electrons inastraight line from
the filament to the plates but the magnetic field produces a force
on the electrons perpendicular to their normal directionof travel.
Therefore, the electrons, instead of traveling in straight lines to
the plate are forced in circles about the filament. If the plate
voltage is slightly increased, someof the electrons will eventual-
ly reach the plate, while if the plate voltage is lowered, the elec-
trons will continue to circle about the filament and eventually re-
turn to the filament. A negative resistance is found to exist be-
tween the two semi-circular plates or cylinders. If a tuned cir-
cuit is placed between the plates, an electron oscillation occurs
within the tube when the magnetic field is adjusted to the critic-
al value such that some of the electrons leaving the filament just
reach theplate. Under these conditions, when oneplate swings pos-
itive, the electrons are attracted to the plate and energy is de-
livered to the load. As the plate wltage becomes more negative,
the electrons are forced by the magnetic field to circle the fil-
ament and alight on the opposite plate which is now becoming pos-
itive. To malntain satisfactory oscillation, we must incline the
axis of the magnetic field at an angle from 3° to 10° with respect
to the axisof the cylinder. If the magnetic field isnot inclined,
oscillations can be maintained by placing two small plates at the ends
of the main cylinder and applying a small DC voltage between them to
cause an electron drift down the axis of the tube. The electrons
will then travel in a spiral and be collected by the end plate of
the magnetron. One or the other of these two methods must be ap-
plied in order to prevent the space charge effectsof the electrons
from distorting the field.

The frequency of the magnetrom oscillator is determined by the
shape and spacing of the electrodes, the plate voltage applied, the
strength of the magnetic field, the tuning of the tank circuit, and
the temperature of the filament. The magnetron oscillator is both
difficult to modulate and unstable in frequency.

The efficiency of the magnetron oscillator varies inversely
as the transit time. For exceedingly small magnetrons having low
transit time, efficiencies onthe order of 55% are possible. Since
magnetrons are generally used on extremely high frequencies, effic-
iencies on the order of 20% to 25% are more usual. Because of the
simplicity of construction, the split anode magnetron can be arranged
to dissipate considerable power and, consequently, have high power
output. Tubes have been built withwater-cooled anodes, which give
power outputs on the order of 450 watts at a wavelength of 45 cen-
timeters. A smaller tube hasbeen reported which would deliver 2.5
watts at 10 centimeters. This is a frequency of 3,000 megacycles.
The highest frequency obtained to date by means of a vacuum tube
occurred in amagnetron, operating on a wavelength of 1.1 centimeters,
corresponding to a frequency of 27,000 megacycles.

Television transmitters are complex but intriguing. The art
progresses rapidly and the ramifications are many. In this lesson
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we have endeavored to be complete. Consequently, in a lesson of
this length, it is difficult to explain each circuit and mode of
operation from the beginning. A certain kmowledge on the part
of the student has been assumed, but the background of preceding
lessons has been adequate. In many cases, the explanations have
been brief, but after repeated study of any point which may at first
seem obscure, the student will find that his mastery of the sub~
Ject has been well worth the time and effort spent.
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EXAMINATION QUESTIONS

INSTRUCTIONS. Before starting toanswer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. Make all answers complete and in de-
tail. Print your name, address, and file number oneach page and be
neat in your work. Your paper must be easily legible; otherwise,
it will bereturned ungraded. Finish thisexamination before start-
ing your study of the next lesson. However, send in at least three
examinations at a time.

1. What type of modulation isgenerally employed in television
sound transmitters? Is it incorporated at high level or low level?
Give brief reasons for your answers.

2. Name at least four factors which are important in the de-
sign of transmitting tubes for ultra-high frequency operation.

3. What is transit time? How does it affect the ultra-high
frequency performance of vacuum tubes?

4. How can we secure a good radio frequency ground?

5. Name several important considerations in the assembly and
wiring of television sound transmitters employing push-pull circuits.

6. Describe briefly four types of tank circuits. Which are
most desirable for high power UHF transmitters? Why?

7. Sketch one temperature compensated tank circuit useful for
frequency stabilization of UHF transmitters.

8. Describe briefly several applicationsof transmission line
sections as circuit elements.

9. What insulating materials are suitable for UHF services
and what are their distinguishing characteristics?

10. (A) Sketch two or three methods of coupling the antenna
transmission line to the output tank circuit. (B) What added pre-
cautions due to the high frequency are necessary in neutralizing
a radio frequency amplifier of a television sound transmitter?
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LIGHTING THE WAY

..... tor human progress.

Altnougn a variety of important inventions have com-
pletely altered the mode of living for millions of people
during tne last one nundred years, radio and motion pic-
tures have been of greater benefit to tne masses tnan any
other mechanical scientific contributions we know of.

Radio brought the world to the nomes of pesople living
in remote sections of our nation and to tne world. Mass
education became a reality. Public healtn nas benefitted
materially from talks by medical men. People have a more
intelligent understanding of governmental problems. Uur
states have become more closely united.

Through the medium of the motion picture, those of us
who are unable to travel extensively, nave become intimately
acquainted with life inour own country and foreign nations.
People living inthe plains states nave witnescsed the beauty
of the eastern and western mountains even though they have
never visited tnem. The knowledge that only travel could
pring in the past, is now avaifable through the movies.

Wnhile the movies had sight and sound, radio had sound
only. But that has been changed witn the advent of tele-
vision. Leaving out theunlimited entertainment possibili-
ties of television, we find that the educational advantages
of radio and television combined, are vast. The wedding
of sight and sound in the home will contribute much to the
progress of the human race now and in the future.

In contributing your knowledge and energy to the further
advancement of radio and television, you will gain personal
financial rewards and have the satisfactionof knowing that

you have done your part in LIGHTING THE WAY FOR HUMAN PRO-
GRESS.



Lesson Five o

TELEVISION
PICTURE
TRANSMITT

"This lesson is de-
signed to give you a com—
plete understanding of the
unusual problems encountered
in the transmission of a video
signal. Because of the wide band
of frequencies to be handled, pract-
ices followed in broadcast procedure cannot be used in the design
of a video transmitter. :

"While you may never be called upon to design or build a tel-
evision transmitter, still you must have a thorough knowledge of
their theory of operation if you are to satisfactorily maintain and
operate such equipment."

1. SALIENT FEATURES OF TELEVISION TRANSMITTERS. We have learned
that to successfully reproduce atelevision picture having high def-
inition and freedom from all types of distortion, it is necessary
that the entire video chain from Iconoscope to Kinescope have a flat
frequency characteristic with a freedom from delay disiortion over
a wide band of frequencies. It isthis necessary requirement which
prohibits the use of transmitters of ordinary design for television
picture service.

In transmitters for audio service, the plate voltage, the RF
driving power, the power input, and the RF load on the plate circuit
are all varied in such a way that the RF stages operate with the
meximum possible power output consistent with the tube ratings and
reasonable plate efficiencies. Normally, these operating conditions
are also varied to secure essentially linear modulation. In trans—
mitters designed for picture service, the load impedance into which
the RF tube must operate isno longer an independent variable. For
a given circuit capacity, the load on the tube is a function of the
desired bandwidth inamanner that we shall presently see. For high-
definition television, the load on the RF stages is quite low, and
8 result is to lower the stage efficiency and decrease the power
output in comparison with the performance that may be obtained from
the same ‘tube for aural purposes.

The modulator, as well as the RF stages, operates at reduced
power output, due to the wide frequency band of the modulating volt-
ages. In order for the modulator to faithfully reproduce its wide
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band video input, it must operate into a low-impedance load. This
limits the modulating power and the modulating voltage that the tube
will furnish. Even when the stage to be modulated requires very
little power, the modulator itself must develop many times this
required output when it must furnish ahigh voltage across the com-
paratively low load impedance in its plate circuit (this low load
impedance being necessary to obtain the required bandwidth).

In the last lesson, we learned that for high-fidelity sound
broadcasting, it was not necessary to reproduce the frequency com-
ponents below 30 cycles. For television picture tramsmitters, it
is standard in this country to transmit the DC component. Therefore,
all transmitters must handle, in addition to an extiremely wide band
of frequencies, the slow variation which corresponds to the average
background, or average illumination of the picture. This DC trans—
mission is highly desirable for three reasons.

First, it is desirable to preserve the background information
of the picture in the transmission process in order that the re-
ceiver will not necessarily have to depend upon a diode or other
type of DC restoration circuit. If the background information is
transmitted, the receiver can then be direct—coupled from the second
detector, should this prove desirable, or certain changes may be
made in the light of future inventions, without the limitations
imposed by AC transmission.

A second desirable feature of DC transmission is the latitude
of design allowable for the receiver synchronizing pick-off circuit.
If DC transmission is not used, it is necessary to either level the
video circuit before applying the synchronizing pick-off, or the
receiver must possess an extremely good automatic gain control cir—
cuit (abbreviated AGC) in order that a DC-coupled type of pick-off
mey be successfully employed. AGC is desirable at the receiver in
any case, but it may prove economically practical to eliminate it
in the very cheapest receivers when DC transmission is employed.

The third reason for employing DC response at the transmitter
is to increase the power output by meking full use of the dynamic
range of the transmitter. If direct coupling or its equivalent is
employed in the video and modulator stages of the transmitter, the
peak of the synchronizing will always occur at maximum output of the
transmitter. If AC-coupling is employed at the transmitter, the
blanking level and the tip of the synchronizing will occur at various
levels of output power, depending not only on the amplitude of the
picture signal involved, but also upon itscharacter. Unlike normal
sound waveforms, the waveform of the picture signal ishighly asym-
metrical.

Let us consider two radically different types of picture sig-
nals, such as a group of white bars upon ablack background as con-
trasted toagroup of black bars on awhite background. In Fig. 14,
we have the basic diagram of a typical grid modulated transmitter.
If the signal input was capacity-coupled at X, thea the transmitter
does not contain the DC component (background information of the
plctu;‘e), and the picture signal shifts about the bias axis of the
tube in such a way that the area of the signal above this axis is
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RF_Envelope

Fig.1 Effect of different types of picture signals upon the mod-
ulation capability of the transmitter.
exactly equal to the area of the signal below this axis, as shown
in Fig. 1B and 1C. These two figures illustrate the different types
of picture signals as they appear at point Y in the schematic dia-
gram at the top of Fig. 1. If the value of the signal is increased
until distortion of the received signal is observed, it will be
found that two entirely different types of overmodulation have oc—
curred. In the case of the white bars upon the black background of
Fig. 1B, the negative peaks of modulation have reached zero output,
even though the tips of the synchronizing have not yet attained the
peak output limit of the transmitter. Inthis case, we have obvious—
ly overmodulated the transmitter without exceeding the peak power lim
itations. Under precisely the same operating conditioms, and with
an exactly equal amount of picture signal, the signal generated by
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a group of black bars on a white background, a.sillustra.te(‘i in Fig.
1C, will overmodulate the transmitter in the positive direction,
thus clipping the synchronizing peaks long before the negative car-
rier swings have reached zero output. Had the transmitter been
DC-coupled, the magnitude of output voltage attained by either type
of signal would have remained constant, and the signal which over-
modulated the transmitter, as illustrated in Fig. 1B and -1C, would
not have overmodulated the transmitter for the DC case illustrated
in Fig. 1D. Obviously, then, the transmission of the DC component
will result in a transmitter with greater modulating capabilities
than an AC-coupled transmitter of otherwise similar design.

In spite of the poor circuit efficiency and the low power out-
put obtainable from a specific tube for use in television picture
transmission, it becomes necessary to develop relatively high power
output, in some manner or other, in comparison to the power necessary
for equivalent coverage under ordinary broadcast conditions.

In broadcast work, a field of 2 to 10 millivolts per meter is
considered satisfactory for primary urban service. In television
service, a figure of § millivolts per meter has been established as
the necessary field for suburban New York City.

The required field for primary sound broadcasting and primary
television is seen to be comparable, but it takes more power to lay
down a given field strength at ultra-high frequencies than on the
lower frequencies, due to the increased attemuation of the signal
in passing over the open country, and particularly, in passing through
buildings, over hills, and other obstructions. There are other
reasons, also, for this difference, which will be discussed in the
following lesson. The combined need for greater power and the in—
creased difficulty of obtaining it on the ultra~high frequencies,
results in a large and costly transmitter for a moderate coverage.

In order to transmit the wide band of modulating frequencies
required to produce a high-definition picture witheout occupying an
excessively large slice of the RF spectrum, it is necessary to sup—
press one sideband of the television picture tramsmitter. Since
the receivers are normally designed to accept only the higher side-
band of the transmitted signal, the lower sideband can be filtered

out at the transmitter without loss of picture quality at the re-
celvers.

2. POWER REQUIREMENTS. The detailed discussionof television
coverage will be taken up in the next lesson on television trans-—
mitting antennas. At this point, however, we can consider the con—
clusions of that lesson in arriving at the necessary power output
of the transmitter. Elaborate field tests throughout greater New
York City have shown that a suburban field of § mi%livolts permeter
is necessary to give apicture which is satisfactorily free from in-
terference. Insmaller cities, where less interference exists in the
suburban areas, a field strength of 1 millivolt per meter will pro-
duce a satisfactory picture, and occasionally an excellent location
is found where the picture reception is limited only by the sensi-
tivity of the receiver and the noise generated in the receiving
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tubes. The latter estimate of 1 millivolt per meter for medium
sized cities has not been very well substantiated, since television
transmission and reception is, at present, limited to a few of the
larger cities. ) )

The field strength that a transmitter of particular power will
develop depends upon anumber of variables. The chief of these are
the power of the transmitter, the height of the transmitting antenna,
and the height of the receiving antenna, the ability of the antenna
to concentrate its radiation in auseful direction, and the type of
terrain over which the signal must be propagated. To obtain the
approximate power necessary for a given coverage, some of the vari-
ables are eliminated by assuming that the antenna is a dipole,* and
that the ground is level and free of obstructions. In this case,
the field delivered at the receiving antenna will be given by the
following formula:

E (volts per meter) = % (1)

Where: W = .power in watts, A = wavelength in meters, r = distance
between transmitter and receiver in meters, a = height of receiving
antenna inmeters, and h = height of transmitting antenna in meters.
This specifies that the received field varies directly as the height
of the transmittingor the receiving antenna, and that it varies as
the square root of the power and as the inverse square of the dis—
tance between the transmitter and the receiver. Thus, if the height
of either the receiving or transmitting antennais doubled, the re-
ceived field would be doubled. If the transmitter power is doubled,
the received field would be increased by only 41%. A receiver lo—
cated two miles from the transmitter would receive a field only
one-quarter as strong as areceiver located onemile from the trans—
mitter, all other things being equal.

Having obtained the expected field from a transmitter of given

certain factorsasmultipliers for the calculated field. In general,
the received field will run between 10% and 100% of the calculated
value. On the outskirts of town and in the suburban areas, some-
what less variation occurs. In these areas, a figure of 30% to 60%
is applicable. This practical reduction of the calculated value is
due to the scattering effect of intervening objects and to absorption
by these objects and by the terrain. Occasionally, the absorption:
which would tend to reduce the calculated value of field strength
is offset by an unusually advantageous receiver location, such as
at the crest of a hill, since this gives the receiving antenmna a
greater height than that used in the formula to calculate the the-
oretical field. Assuning that the received field will vary between
10% and 100% of the calculated value, we may then plot the maximum
and minimum probable field as in Fig. 2.

Having found the maximum and minimum probable field at acertain

8 Simple center-fed, half-wave Hertz.
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distance from the transmitter, we can estimate much closer than 10
to 1 by observing the particular site and noticing if it commands
a direct line of view to the transmitter, free from any obstructions.
If the path is clear and the receiver site isat the top of a hill,
the probable field will lie near the maximum line on the curve. If
the receiving location is lower than normal, or surrounded by build-
ings or other obstructioms, the received signal isapt to fall near
the minimum probable field of our graph.

From Fig. 2, we observe that a transmitter of 1 kw. would be
satisfactory for a town, such as Kansas City, having a population
of approximately half a million people, extending to a radius of
about seven miles from the center of town. In this case, anantenna
height of at least 4H0 feet is available, and satisfactory coverage
could be had over most of Greater Kansas City. Even this power
would not give perfect coverage, and unless special antemnas were
incorporated, one or two of the suburbs lying about 10 miles from
town could not be adequately served. Inlarger cities, the suburban
population would extend from 15 to 35 miles from the metropolitan
center. With a transmitter height of 450 feet, the service ran%e
of 35 miles would require a transmitter power of approximately 25
kw. However, in a city of such large dimensions, a location could
probably be found which would give agreater antenna height than that
upon which our calculations are based. The height of the Empire
State Building inNew York City isapproximately 2z times the antenna
height assumed inFig. 2. Consequently, a10 kw. transmitter located
in the Empire State Building would have a service range of about
25 miles. At present, the NBC station occupying this location has
a carrier of 4z kw. which gives a satisfactory signal throughout the
greater part of suburban New York City. The CBS station located in
the Chrysler Building has an antenna height of approximately 950°,
with a corresponding service range approximately 2/3 that of the
NBC transmitter in the Empire State Building, since the two tranms—
mitters are of equal power output.

3. MODULATION METHODS. In the last lesson we discussed the
application of the various modulating methods for high frequency
transmitters. These principles are, of course, applicable to tele-
vision transmitters, but it becomes necessary to review them in
order to point out the effect of the wide band frequency requirements
upon the various systems contemplated. After reviewing the various
possibilities, we shall select several of the most desirable methods
and compare them on the basis of transmitters designed for 1 kw.
output power.

It was concluded in the last lesson that absorption modulation
applied to the tank circuit of a transmitter was impractical for
voice transmitters, and that this system has further disadvantages
for television. An absorption modulated transmitter, illustrated
in Fig. 3, operates uporn the principle that the power delivered to
the load is the available power which the modulator does not absorb.
Consider a square wave having steep sides (involving a wide band of
modulating frequencies). If this wave were applied as a positive
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impulse to the modulator tubes, the tank circuit would be rapidly
damped, and the output would quickly fall toa low value. Upon the
rapid removal of the impulse, it would take a certain length of time
for the tank circuit to acquire enough energy to build up to its
original output, distorting the square wave in the manner shown.
This is equivalent to a combination of amplitude and phase distortion
of the signal. To overcome this defect, additional damping would
have to be added to the tank circuit, decreasing the efficiency of
the output stage to a value even lower than the already low effic~
iency inherent in this type of modulation.

(Il

W

Fig.3 Absorption modulation and its effect upon signal quality.

Transmission line modulation, or load impedance modulation,
illustrated in Figs. 14 and 15, removes the limitation of bandwidth
from the power amplifier stage by introducing the modulation between
the final tank circuit and the antenna, thus allowing the power
amplifier tube to run at the maximum efficiency obtainable at the
carrier frequency. The operating principle of this type of modu~-
lation will be discussed in following paragraphs. The transmitters
which use this modulating method operate with an overall efficiency
of approximately 25% in the high-level stages. This is very good,
compared to the other types of modulation normally used for tele—
vision purposes. Inthis type of transmitter, the modulator becomes
a sideband generator, while the power amplifier tubes amplify only
the carrier. By segregating these duties, it is possible to use
somewhat smaller tubes than for other types of picture transmitters.
The advantages of this will be recalled from the previous lesson.
This type of modulation is theoretically quite linear as well as
being moderately efficient, and of wide band characteristics. How-
ever, it is necessary to operate the grids of the modulators to
extremely high positive voltages, The positive grid swing limits
the choice of modulator tubes to those having grids capable of con-
siderable dissipation and current handling capacity, as well as
placing a low impedance upon the video drivers which the modulators
are to follow. Purthermore, this low impedance is non-linear with
amplitude variations so that unless the video driver has low inter—
nal impedance, some modulation non~-linearity will result.
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Suppressor grid and screen grid modulation have the same dis-
advanteges for applicatien in picture transmitters asintelevision
voice transmitters, the chief of these being the unavailability of
suitable tubes. A second disadvantage is that the video voltage
swing required for 100% modulation is greater than the swing required
for control grid modulation. The greater video voltage requirement
results in the necessity for larger modulator tubes than in the
case of control grid modulation.

For television sound transmitters, we concluded that plate
modulation wasmost satisfactory. For television picture services,
this type of modulation is difficult to achieve for two reasons.
The first difficulty is the necessity for amodulation reactor which
will pass the wide video frequencies involved. Plate reactors have
been built which will pass a band of frequencies from 30 cycles to
2.5 megacycles. When these are used, the DC variations must be
applied as series modulation which will be discussed shortly. It
is doubtful that a reactor suitable for a high power transmitter
could be built which would be flat from 30 cycles to 4.5 megacycles.
Even if such a reactor could be built, its cost would likely be
prohibitive, and the problem would still remain of introducing the
low frequency into the transmitter assome other formof modulation.
A resistance can be substituted for the modulation reactor if the
plate voltage is run to iwice its normal value. Then the resistor
will dissipate a power approximately equal to that consumed by the
transmitter. This immediately halves the efficiency of the high-
level stage. A non-inductive resistor capable of dissipating 5§ to
50 kw, is in itself somewhat of a problem.
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Fig.4 Series modulatian.

Series modulation of the plate supply as shown in Fig. 4 is a
way out of this particular problem, and is & much-used system from
the older days of television. Any systemof plate modulation, how-
ever, requires a relatively high modulating voltage which is dif-
ficult to achieve at video frequencies, because of the electrostatic
capacity into which the modulator must work. We will see, alittle
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later on, that this problem is so serious as to present an apparent
impasse——a power limit, beyond which it seems impossible to go with
present day tubes,

Grid bias modulation requires a reasonably small video swing;
in fact, smaller than any other method except transmission line
modulation. A grid modulated transmitter for television services
must, like the plate modulated transmitter, operate into a rela-
tively low load impedance, because of the damping required in the

. Fig.5 The M.B.C. televisiontransmitter inthe Empire State Build=—
ing, New York City.

plate circuit to secure the necessary bandwidth. This damping is,
of course, the load reflected by the very tightly coupled antenna
circuit. The result is that the plate voltages for television pic-
“ture transmitters are. low and the grids must be swung into the high-
ly positive region, resulting in considerable grid current. This,
of course, is drastically different from ordinary grid bias modu-
lation in broadcast practice. Such a transmitter operates with a
reasonable plate efficiency of 20%, but the linearity of modulation
is not all that could be desired. The output cannot be modulated
to much below 25% of the peak output without considersble curvature.
Also, due to the grid current which flows atmodulation peaks, some
curvature of the output characteristic will occur at maximum output
unless the modulators have an effectively low internal impedance.
In spite of the non-linearity that results from this type of grid
bias modulation and its none-too-high plate efficiency, this method
is the chief system inuse today. %t is employed not only in several
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foreign transmitters, most prominent of which is the Briiish Broad-
casting station in London, but it is also employed in the NBC tele-
vision transmitter located in the Empire State Building (pictured
in Fig. 5), and in the Columbia Broadcasting System station diagrammed
in Fig. 6. It is also the method employed in the 1 kw. commer—
cial transmitter offered for sale by RCA and pictured in Fig. 7.

R.F. EXCITER

R.F. POWER AMP.
(Gria Modulated)

0S¢, BUFFER [
2-886's ! 2-8u8°s 2-848°¢ 2-499°s

1
— —r———= I 5
La A iif [- ] L\[ = 2

2.96v £x and IF 8.7xv 38 Pa GricBiag  Pead.ancde Supply Constant
‘“": q ";‘i'l' ‘,"-G“ lancdes 3837, 3kva BuKVA Trans., (Qucuing$ 6 354VA Trass. Resistance]
o Lt o K Transf. 3-872's 3-866°5 a-072"s 3-866°s detwork
ungr

o

===+ == = e e o o et — ctt mm m et e e e e = e |- -

Modulator

wate-—Cooled
2-891°'s
Constant

Video
input

Networ k|

L X
Commm e T p
- o L T L] . [ =
320¥ Mo. 182 Bias Rect. $.2xv NO. 34 Nc:). Bias
e : R T A0
Fig.6 Basic circuit of the C.B.S. picture transmitter in the

Chrysler Building.

Linear amplifiers present away out of the modulating problem.
If the modulation is introduced at a sufficiently low level, several
systems become practical. The problem then remains of amplifying
this signal to a level sufficient to deliver the required power to
the antenna. This is the system employed by the General Electric
Co. in their 10 kw, station at Schenectady. In order to secure the
required bandwidth in a linear amplifier, it isnecessary to heavily
damp the tuned circuits and to employ overcoupling similar to the
method used in IF design of television picture receivers. When
high-level modulation is employed, the bandwidth of only one tuned
circuit need be considered, but inthe case of the linear amplifier,
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the attenuation of the sidebands is the product of the attenuation
of the individual stages. Consequently, the individual tuned cir—
cuits of the linear amplifier must be designed for a greater band-
width than the output tank of a high-level modulated stage, orelse
a succession of double~tuned and single-tuned circuits in successive

Fla.7 “R.C.A. 1 Kw. Commercial Television Picture Transmitter.

stages must be carefully designed and adjusted. Under these con—
ditions which result in low-impedance loads for the various ampli-~
fier tubes, the gain per stage is quite low and, consequently, the
number of stages that must be employed may become excessive if .the
modulation is introduced at too low a level. The system, however,
is quite practical and, undoubtedly will become more widely adopted
as high power, high frequency tubes are improved from time to time.
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4, PLATE MODULATION. For simplicity, let usconsider the type
of plate modulation illustrated inFig. 8. This eliminates the ne-
cessity of a wide band modulation reactor as does the series modu-
lation system indicated inFig. 4. Although the resistance-coupled,
parallel typeofplate modulation requires something over twice the
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Fig.8 Plate modulation
with resistance coupling 8-
between modulator and mod-
ulated amplifier.

input power because of the dissipation in the modulation resistor,
it is otherwise similar to series modulation in the tube complement
and operating conditions for optimum performance. Many of the design
problems of the plate modulated transmitter will carry overinto the
design of grid modulated transmitters and linear amplifiers which
will be considered in following paragraphs. This is especially
true of our first consideration, namely, the RF load into which the
tubes must work in order to fulfill the bandwidth requirements.

For a simple tuned circuit, such as a tank circuit of a trans—
mitter, the bandwidth is a direct functioa of Q in the following
manner:

- _fo
Q= fi-f2 (2)

Where: fo = carrier frequency, fi = the highest sideband frequency,
f2 = the lowest sideband frequency. Therefore, fi-f, = twice the
top video frequency. When the tank Q is adjusted from the above
relation and the tank circuit is fed fromahigh-impedance generator,
the response will be down'‘to 70% at the edgesof the band. For the
sake of economy in television transmitters, the loading on the tank
circuit is so adjusted that the response of the amplifier will be
down to 70% at the top modulating frequencies that it isdesired to
handle. Then, if necessary, the video amplifiers and modulators of
the transmitter are peaked at the higher video frequency in order
to compensate for the discrimination against the highest and lowest
sidebands in the RF circuit.

If we consider that the tank circuit of a transmitter is a
pure inductance, turced only by the tube capacities and the unavoid-
able stray capacities of the tube, then there is a very definite
load impedance reflected to the plate of the modulated amplifier of
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Fig. 8. This is given by the following formula:
Ri= QXc (3)

Where: Ri = the radio frequency load impedance into which the mod~
ulated amplifier must work, Xc = the reactance of the tank capacity
at the carrier frequency, and Q is obtained from formula (2).

This relation is derived as follows:

= Q, but Xv = Xc at resonance,

_X_C2= = .X_Q
Rs Re Rs Re

2

he b
]
< ©

¢ x Ry - R -
IR GRS

Ru = QXc
In the practical case, the tank inductance is a section of a trans—
mission line. If the section of line is chosen of such acharacter-
istic impedance that it is physically only 1/8 wave long, then for
practical purposes, it behaves like apure inductauce over the tele—
vision band. If the line tank is 60 degrees long, then the band-
width of the modulated stage is decreased by about 25% from the pure
inductance case, unless the antenna circuit is also tuned and tight-
ly coupled to the tank of the modulated stage.

In broadeast transmitters, it is customary to decide upon an
economical value of plate supply voltage consistent with the ratings
of the tubes to be used, after which the bias, excitation, and load
resistance are varied to obtain ‘the maximum power output from the
tube without exceeding the dissipation limit or other ratings of
the ‘tube. ‘For television transmitters, however, the load resistance

and the minimum capacity achievable [from formula (3)]. This load
impedance will be very much lower than the values we are accustomed
to using for other services. If weretain the normal plate voltage
and the normal excitation to the tube as indicated by other services,
a terrific peak plate current would result.

The second limitation which we must consider, in addition to
‘the load impedance on the tube, isthe maximum value of instantaneous
plate current that the tube will deliver without shortening its

saturation currents do not demage a tungsten filament, Most air-
cooled tubes, however, are manufactured with thoriated tungsten,
and these filaments cannot be operated at- their maximum emission,
since the thorium would evaporate from the surface of the filament
faster than it could be boiled out from the interior of the filament,
and this would damage the tube. The peak current usable from a
thoriated tungsten filament, depends upon the type of service involved,
If the peak current occurs only at the peaks of modulation, higher
values of filament emission can be used without damage to the tube
than if the peaks occur al each radio frequency cycle. For modu~-
lated services, a good tube will deliver a useful peek current of
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approximately 35 ma. per watt of filament heating power, but the peak
current for any particular tube should be arrived at through the
manufacturer's rating; for example:

TYPE 833

Class C telephony rating at carriercese.eessolp
At peak of modulation.sesseeecseseanssssanes.Ip

400 Ma. Max.
800 Ma.

Assume 150° plate current flow angle (normal).
From Fig. 11, we observe: %&"ent = 3.8
Then: Peak plate current = 3.8 x 800 = 3.04 Amperes.

Check: Filament heating power = Ef x It = 10 x 10 = 10C watts.
Peak current per watt of heating power = 04 30 Ma. per watt.

With the above consideration as astarting point, we shall pro-
ceed to design a 1 kw. plate modulated transmitter, in order toil-
lustrate the application of these principles. Many features of
television picture transmitters will be shown which are not in common
with any other type of radio transmitter work,

If the peaks of modulation are not to exceed the tube's rating,
our design must be based upon this instantaneous condition. From
a preceding calculation, we arrived at a peak current of 3 amperes
for the 833. For simplicity, we will neglect grid current, aswell
as the calculations necessary to arrive at the grid driving power
and grid bias. From the plate characteristics of the type 833,
illustrated in Fig. 9, we drawa line to represent the maximum usable
emission at 3 amperes, We draw another line, called the diode line,
which represents the condition for equal grid voltage and equal
plate voltage. Normally, we operate the tube so that at the peaks of
modulation, the minimum plate voltage is just somewhat greater than
the instantaneous grid voltage. In otker words, no point on our
load line should fall to the leftof the diode line for the peak of
the modulation cycle. Likewise, no point on our load line should
fall above the line representing maximum usable emission. If the
load line falls to the leftof the diode line, excessive grid driv-
ing power will be required, and large grid currents will result with
possible overheating of the grids. If the load line crosses the
line representing maximum usable emission, the tube's life will be
materially reduced.

To obtain the slope of the load line, we proceed as by for-
mulas (2) and (3) to obtain the RF load into which the modulated
amplifier mnst work. To do this, we sum the minimum capacities
across the tank circuit as follows:

Allow 10 mmfd. for wiring...... R

Cpk....--......u 8.5
2Cpg = 2 x 6-3.---00--------12-6
31.1 mmfd.
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Assume a carrier of 51.25 mc.

) - 1 10°
B Xe = e 2% x 51,95 x 31.1

Xc¢ = 100 ohms.
Top video frequency = 4.25 me.
- 102‘ =
(2) ¢ 5" 6

(3)  Ru= QXc =6 x 100 = 600

The factor, 2 x gridto plate capacity, comes about Cue to the neces—
sity of neutralizing, Thisistrue because the neutralizing capacity

TYPE 833
AVERAGE PLATE CHARACTERISTICS

- Ef = 10 Volts AC

100
4000

3500

3000

50

(a)

"]

(»)

= Same output as
but higher input
2000 2500
PLATE VOLTS (Ep)

? 1500

|1
Load Line for
Grid Bias Modulation

5190

288~
ol
4250
N, %708
Zadl\\
| 5 100
’ *
f /
] A “
) (a)
[
1}
|
. 500
——f-RF—¥

250
i

1000

Diode
Line™
El= o oo
- R= 276

5 4 3 2
PLATE AMPERES

-
o

Fig.9 appl}

Ication of plate characterlistics of vacuum tubes in
picture transmit

ter design.
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approximately equals the grid-plate capacity of the tube and for any
type of capacity neutralization, it can be shown that the neutral-
izing condenser is effectively across the tank circuit, as far as
bandwidth is concerned.

Let us consider the case of plate feedback to obtain neutral-
izing voltage, as shown in Fig. 10A. The equivalent circuit of the
tank could be shown as in Fig. 10B, since the grid-plate capacity
is in series with the neutralizing condenser across the tank. Since
the impedance into which the tube looks is only one—quarter of the
total tank impedance, the load on the tube could be replaced by the
equivalent circuit of Fig. 10C. .Consequently, as far as bandwidth
is concerned, the tank acts as if twice the grid-plate capacity
appeared across it.

-i-¢
=TT V9P Cop Zin 2Cqgp
WYV = Zin
Zin= *ozxcgp
= 0%
l-ln— Zin —792
Cn

}_

? 10 the effect of the neutralizingcondenser upon the bandwidth
and oad impedance of a modulated amplifier.

From the foregoing calculation, the reactance of the capacity
branch was found to be 100 ohms per tube and, choosing a Q of 6,
the load resistance per tube is 600 ohms. We arrived at a Q of 6
by choosing a top modulation frequency of 4.25 mc. which made the
widest sidebands fall 4.25 mc. above and 4.29 mc. below the carrier
frequency.

For audio applications, the load lineisplotted directly upon
the plate characteristic as you learned in Lesson-6, Unit §. This
cannot be done in RF work because the load is a tuned circuit and
the value of 600 ohms, which we calculated, applies only to the fun-
damental component of the RF current delivered by the modulated
amplifier. Since the tube is operating for less than half of each
cycle, the output current contains many harmonics. It is assumed
that all the harmonics are shorted to ground through the tank cir-
cuit. For rigorous analysis, it would be necessary to usea point-
by-point method of calculation which consists of entering on the
tube characteristics an assumed value of RF sine wave plate voltage
to obtain the plate current that the tube will deliver. From these
values which are selected to conform with the known condition of
plate load, it is possible to accurately predict the performance of
a tube. Thls method is beyond the scope of this lesson, but agood
approximation is obtained as follows.

At the peak condition of modulation, the plate current of a
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classCamplifier normally flows for approximately 150°, The ratio
of the peak of the current wave to the fundamental component will
not vary greatly for various shapes of current pulses, even when
the wave is considerably distorted. Consequently, we can obtain
the ratio of peak value of the wave to the peak value of an equi-
valent wave of fundamental frequency; that is, one which is entirely
free of harmonics. We obtain this from Fig. 11. For the condition
of 150° flow angle, we note that the ratio of peak current of the
plate pulse to the peak of a fundamental wave is approximately 2.2,
Hence, we can plot a load line for the distorted current pulse by
dividing the calculated load (into which the fundamental component
of plate current flows) of 600 ohms by the factor 2.2. The tube
will behave, as far as the distorted current wave is concerned,
approximately as if it were working into a load of 276 ohms. The
next step in calculating the performance of the 833 is to draw in
this new load line from point A of Fig. 9. Actually, the load line
is not quite straight as shown, but an exact analysis isnot neces~

sary for the purpose of this lesson. The power output of the tube
" will pe:?

Wout = E x I

Where E and I are RMS values of carrier frequency sine waves.

Wout = *EM x In

Where EM and IM are crest valuesof the fundamental radio frequency
plate components. EM is obtained from the total plate voltage swing
of Fig, 9. IM is obtained by dividing the distorted current wave
of 3 amperes from Fig. 9 by the form factor obtained from Fig.
11 for 150° flow angle,

(1120-280) (535
——\re

The input will be the product of the DC plate voltage times the DC
plate current as follows: Win = (.8 amperes DC at peak of modula—
tion)*(1120V DC supply voltage fromFig, 9) = 895 watts. These con—
ditions are for the peak of modulation. If the transmitter is ad-
justed for linear modulation, the values at carrier condition will
be one-quarter of the peak values, or as follows:

Wout = %2 = 143 watts.

Wout = = K72 watts,

Win = §%5 = 224 watts.

Efficiency = 143 = 63,89 (tube only—not counting
224 circuit losses
Dissipation = 224-143 = 81 watts.
A 1 kw. transmitter designed to use 833's in the final amplifier
would require eight of these, and it is doubtful if eight tubes could

Review Lesson 6, Unit 3, for a study of load lines,
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be made to perform satisfactorily in push-pull-parallel, at te%e—
vision frequencies. We cannot obtain greater output by increasing
the plate voltage, since to do this would only move the load line
of Fig., 9 to the right. Since the power output is the product of
the AC voltage and AC current swing, which remainsconstant regard-
less of the positionof the load line, it is impossible to increase
the output without altering the slope of the load line, The slope
of the load line, of course, is fixed by he bandwidth requirements.
Moving the load line to the right, however, does decrease the amount
of excitation required, but increases the plate dissipation and
lowers the efficiency very rapidly. Ifwes increase theplate voltage
of a tube by moving the load line tc the right, we increase the
input to the tube without changing the output, which accounts for
the rapid rise in plate dissipation at higher plate voltages, For
television services, the pealt emission of the tube isusually reached
before the dissipation rating of the tube is exceeded because of
the low value of load impedance. When this is true, the output is
limited by two things, namely; the peak emission that the tube can
stand; and the miuimum capacity that can be had across the tuned cir—
cuit for a particular bandwidth. Therefore, the output of a RF
stage can be calculated approximately from the following formula:
= 113 I»?
p=i3L (4)

Where: P = output in kw.,, Ib = maximum plate current rating for
class C telephony, C = minimum tank capacity in mmfd, and fm = top
video frequency. (150° flow angle is assumed). Check this formula
against the calculations on the preceding pages for the performance
of the type 833.

Applying this formula on the basis of 1 kw.,, it is seen that
no pair of tubes smaller than 858's (20 kw,, dissipation) or 8389's
(5 kw. dissipation) will give the required output., For broadcast
services, these tubes in a plate modulated stage would give apower
output of 16 kw,

While it is difficult to achieve sufficient power output in a
modulated amplifier for television services, still thereal problem
lies in obtaining a satisfactory means for modulating the power
amplifier,

_The plate voltage of the 833's at carrier conditions will be
half of the peak 1100 volts. To modulate this plate voltage 100%
we must have a peak-to-peak modulating voltage of 1100 volts, and
this must be generated across a capacity of approximately 200 mmfd.,

as calculated below:
2 Cgp = 2 x 6-3..........12 Q upfd,

Cpk..-----..- 8:2
21,

8 tubes..vvenuss,
8

Capacity of plate tank to ground........ 0:
Total capacity........ 198,8 bufd.

L

[
O
|

:
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In modulator design, as in the design of video amplifiers, we set the
load resistance equal to the capacitive reactance of the total ca—
pacity at the top modulating frequency. Doing this, we obtain for
the modulator load a value of 188 ohms as follows:

D 10¢ - -
= ife ™ wd.25 = 200 = 188 ohms
Since the current change isgiven by I = E + R, we see that the tubes
must develop a peak-to-peak current of 6 amperes across the load
resistor in order to fully modulate the class C stage. This would
require at least two water—cooled type 891 tubes operating with a
plate voltage of 4700 volts at 1.6 amperes each, and dissipating a
total of nearly 15 kilowatts. Even then, a special type of coupling
network would have to be used in order that the output capacity of
the 891's would not appear in parallel with the capacity of the
load (explained in section 9), and therefore, further lower the load
resistance and increase the necessary power. Under these conditions,
the 891's would require a grid swing of 750 volts across a capacity
of 174 mmfd., and another 591 would be required to drive the modu-—
lator.

A pair of 889 water-cooled tubes would be a more practical
stage than the eight type 833's which we have considered. From
formula (4), we see that it is possible to realize a 1 k. carrier
from a pair of these tubes.

= 113 Iv? . p= _ 113 x =
(4) —%E_ Then: WSBX—Q%.—B .56 per tube,

TYPE 889: C€COP = 17.8 X 2 = ,.viuinnunann. 35.6
cpt = 202 ecccteesrtnncnss 2.2
Cgf = 18.8
Strays tuiveeecennanes 0
Total cieeiinevanann 47.8 mmfd
Maxjmum rating Class ¢ telephony: lp = 1.0 amp.
L - B L] " L] "
=11 volts, It= 1265 amperes.
Dissipation = B kw. maximum.

However, it would not be practical to secure this output at aplate
voltage much below 1200 volts. This requires that the modulator
must have a peak-to-peak output of 2400 volts, or over twice the
voltage necessary for the 833's. This greater swing isonly partial-
ly offset by the reduced capacity into which the wmodulators must
work, If we use type 891's for modulators, at least three, and
preferably four tubes will be required. If four tubes are used, the
capacity of the modulator tubes themselves determine the value of
the modulator load instead of the capacity of the modulated amplifier:

MODULATOR MODULATED AMPLIFIER
TYPE 891: Cgpee.. 27 TYPE 889: 2 x Cgp = 2Xx17.8 = .... 35.6
Cpfo... 2 Cpf .. 2.2
29 37.8
4 tubes.... % Two Tubes ... 5
st 110 75.
rays...._1 Capacity tank to ground .... go.o
Total Load Cape.... 126 Total load Capacity ....105.
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This becomes about the limit of voltage which this type of modulator
tube will deliver. If peak-to-peak voltages on the order of 4,000
10 5,000 volts are required, the ratings of the type 891 will ve
exceeded when the load resistor is set equal to the output capacity
of the tube. Under these conditions, the ratings of the type 891
are exceeded even though the tube is supplying no power to the load,
or is completely disconnected from the modulated amplifier.

It may be seen therefore, that for any particular modulator
tube, there is a limit of voltage swing that can be developed, and
that this voltage swing is proportional to the peak plate current
that the tube will deliver, divided by its output capacity. The
water-cooled type 899 would make an excellent modulator except that
because of its high amplification factor, the grid is swung into
the positive region at moderate plate voltages.

1

Peak Value of Pulse
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Fig.11 Effect of flow angle upon the plate and grid currents.

5. GRID MODULATION. Grid modulation requires & great deal
less video swing for 100% modulation than does plate modulation,
and therefore, the modulator tube requirements are considerably less.
This improvement is achieved without amy loss in peak power output
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from a given modulated amplifier tube. Actually, slightly greater
peak power outputs are obtainable froma tube using grid modulation
thar for the same tube when it is plate modulated. This equal or
greater peak power output is obtained at lower efficiency, and con-
sequently, greater plate dissipation, but since plate dissipation
is not normally the limiting factor in the tube performance for
television services, this is of little consequence. If the same
tube complement in the modulated stage is used for grid modulation
as for plate modulation and the same bandwidth is maintained, ob-
viously, the RF load impedance with respect to the fundamental cur-
rent will remain the same, For grid modulation, we can tolerate a
somewhat greater flow angle of plate current than for linear plate
modulation, Tiis results in a greater ratio of fundamental current
to peak current as obtained from Fig. 11, ang consequently, the
load line as illustrated in Fig. 9 can have a longer slope, with
correspondingly greater voltage swing, This means that a tube oper-
ating with a longer flow angle will have greater power output for
a given peak current, even though the dissipation will be consider—
ably higher and its efficiency reduced.

At the present time, grid modulation is the most popular method
employed for television picture transmitters. It is used not only
by RCA and by the NBC and Columbia installations in New York City,
but also is the accepted method used in England and cn the continent,
The RCA 1 kw. transmitter illustrated in Fig, 7 is block diagrammed

in Fig, 12. The performance of this transmitter will be briefly
considered,

Antenna
Buffer Tripler Linear Intermed, Final Sideband I

or Doubler AMp, Power Amp. Power Amp. Power Amp, (5w Suppression
814 2-808's 2-834's 2-833's 2-899's Filter
—
Crystal Power Grid gias Powe r
oscillator Supply Rectifier Supply
807 3-8724s| 2-83V°s 6-8724"s
ulls JU -
L
u

p Video Video
fadeg Amplifier Amplif ier
g 2-807"s 4-807's

DC Modulat ing Power
Restorer Ampl ifier Supply
1v 10-813°s 3-8724s

Fig.12 Block diagram of RCA 1 kw. picture transmitter.

At the peaktafmodulation, a grid modulated amplifier for tele-
vision, operates in the Same manner as a Class B linear amplifier,
Under some conditions, the grid modulated stage may operate with a
smaller flow angle, but generally it is arranged so that plate cur—
rent will flow during 180° qf the RF cycle exactly as in the case
of a Class B linear. For grid modulation, or for linear amplifiers
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of the wide band television variety, the power output is limited by
the peak usable emission of the tube, and by the minimum capacity
obtainable across the output tank. This was true for the case of
plate modulation also, but formula (4) must be changed when calcu-
lating the performance of grid modulated or linear amplifiers, due
to the different flow angle and the consequent different form factor
(Fig. 11) of the plate current pulse. When these differences are
considered, the performance of the grid modulated tube, or of the
linear stage, is predicted by the following expression:
- B k. (5

Where: P= carrier power inkw,, Is = maximum DCplate current rating,
for linear amplifier service, and C = output tank capacity inmmfds.
Applying this to the case of the 889's used in the 1 kw. transmitter,
we obtain an output of just under one kw. for the pair of tubes
using the following tentative data:

CLASS B TELEPHONY

DC plate current..esnsvssen 1.0 Amp. Max
Cgp = 17.8,c0ecece 2Cgp = 3%5.6 Mmfd
Cpf = 2.2.criceevvccacacan 2.2
Cgf = 18.8 37.8

wiring Strays..... 10.0

Total Capacity.... 7.8

() P= Y 2253 xx i S .483 Kw. per tube = .97 for two tubes.

From this, it would appear that it is not possible to obtain a full
kilowatt from tbis transmitter; however, a more detailed consider—
ation of the problem will show that an output of one kilowatt is
quite practical.

In the first place, the plate current drawn by the 889 stage
is the average plate current over the modulation cycle. For tele-
vision sigpals which are not symmetrically disposed about any par—
ticular axis, the average plate current over the modulation cycle
will change with various types of picture signals. This should be
apparent fromFig. 1. Due to the short durationof the synchronizing
and blanking pulses, it happens that the axis of a typical televi-
sion signal isdisplaced from the centerof the wave toward the edge
of the wave representing the highlightsof the picture. For negative
polarity of modulation, this means that the average current of the
g{‘id modulated stage will be less than for sine wave modulation.

ince formula (5) is based upon symmetrical modulation, the value

of current entered inthis calculation can be higher than the actual
current that the tube will draw, provided that the peak emission of
the tube is not exceeded.

In the second place, the 899 is rated for the same current for
Class C telephony as for Class B telephony, resulting in a greater
peak current for the former case. If the value of current entered
in formula (5) is altered to produce the same peak plate current as
resulted in the calculation of the plate modulated stage, it is seen

that the 889's will readily furnish the 1 kw. rating of the RCA
transmitter of Fig. 12.
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(9) P e 8; (1 x41'14)2 = ,627 Kw. per tube.
. x .

Then: P = 1.27 Kw, per pair of 889's.

A puir or 889's will deliver 1 kw. when operating with aplate
supply voltage of 3000 volts. Under: these conditions, the p;ate
efficiency will be approximately 17% and tne pea.k—t_o—pea.k video
voltage required will be approximately 900 voits. Duringmodulation
peaks, the peak of the RF grid voltage will reach something over
700 volts positive. Considerable grid current wili flowduring mod-
ulation peaks, and some grid current will exist even at carrier con-
ditions. Such co-ditions are never obtained in broadcast practice.

If the plate voltage is increased without increasing the peak
plate current, no increase can be had in the output power. This
follows from the same reasons discussed inpreceding paragraphs for
the case ot plate modulation. Unlike plate modulatiou, however, as
the plate voltage is increased, the modulator requirements are slight-
ly decreased, rather than being made more severe. Astheplate volt~
age is increased, the grid current becomes less, and a slight reduc-
tion is effected in the grid swing for a given output. It can be
seen from Fig. 13, that the peak-to—peak modulating voltage is just
equal to the peak RF grid swin;ir. Consequently, an increase inplate
voltage not only effects a slight decrease in RF driving voltage,
but in modulating voltage as well. At about 5500 plate volts, the
dissipation limit is reached for the type 889 with a plate effic-
iency of 9. While an increase in plate voltage produces a severe
reductioninplate circuit efficiency, the improvemeut in modulating
requirements is only slight. Technically, this improvement is due
to the divergence of the grid voltage lines on the plate character—
istics away from the diode line, and can be seen to aslight exteut
in Fig, 9. The effect is much more apparent in large water—cooled
tubes.

If the transmitter of Fig. 12 is operated at approximately 4500
volts, a video swing of 800 volts, peak-to—peak, will be required
for 100/ modulation. This will require ten type 813's operating
at their maximum current rating. In this case, the tube load is
determined by the modulator capacity, rather than by the capacity
of the modulated amplifier as follows:

MODULATOR MODULATED AMPLIFIER
TYPE 889: CaP X 24inuns 35.6
TYPE 813: CGfuennnnnnnn 18.8
. Cout....... 14 mmfd. [
en tubes.. v, 10 Two tubes.... 2
ReF 140 mmfd. 108.8
iring........ 10 . Grid tank tc ground.... 25.0
Total Capacity... 150 mmfd. Total Ca%acity....xaa.e

[
Rt = Xe= L1 = 10 R, = 250 ohms
2Mfe 2™ x 4,25 x 150 . 5 )

To secure 800 volts across this load resistor will require a
current change of 3.2 amperes or 320 ma. per tube. If a waveformu
distortion of approximately .12% is tolerated, the modulators could
be operated witn an average current of 160 ma. per tube.
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Applying the same procedure to the transmitter of Fig. 6{ a
power output of approximately 4 kw. is obtained, which is readily
modulated by a pair of 891's.

899°s GRID MODULATED:

Max Ip for Class C Telephony....e.. 2 Amp

. " . . L] O " agaooao 2 Amp
CgpPrenearea23 mmfd. .o ioans 2 Cagp = ué
Cpf.oavan.s [ e L 5
©@7c0o00ooo0od (4] o 51
Wiring Strays..... 190

Total Capacity..... 61 mmfd.
2
(") Pour = I8x42 x 1.14)" - 1.97 Ew. each.
4,25 x 61

The plate voltage can be between 5000 volts and 11,000 volts without
exceeding the tube rating. In Fig. 6, it isseen that the CBS trans-
nitter is operated with 8900 volts. The peak-to—peak video voltage,
as well as the peal RF voltage required, will beairifle less than
1500 volts which can be achieved with apair of 891's as seen below.

MODULATOR MODULATED AMPLI-IER
TYPE 891°'s: TYPE 869°'S:

(©f)[PobooooDD 27 2 X CQPeecorevannne 46

cpfoeean 2 Cgfeeeanenannan 0

29 ' 56

Two tudbes....__2 Two tubes.sasen 2

58 . 112

Wiringe..oon. 10 Grid tank to ground..._25
TEEA U 0000000 68 mmfd. Totaleweeoanona 137 mmfd.

8
Ri = Xc = L 10 = 275 ohms.

9fc 2% x 4.25 = 137
Pealc—to—peak current = 1:2”_()) Zﬁ;zs = 5.26 Amp., or2.6 Amp, per tube.

Modulator average current will be approximately 1.5 amperes.

Grid modulation for television services operates in a somewhat
different manner than ordinary grid bias modulation in broadcast
transmitters. Arough comparison of thisisshown in Fig. 13. This
type of graph is not strictly accurate for RF purposes, since, as
mentioned before, the tank circuit is uot a pure resistance, and,
therefore, the slope of the dynamic Eg-Is characteristic will change
as the fundamental component of the plate current pulses change,
There are a number of comparison points between the two types of
grid modulation that this graph will show clearly: first, because
of the lower impedance load, the plate current pulses are consider—
ably larger fortelevision transmitters; secondly, the tube isoper—
ated into the positive grid region and isdriven to the peak current
that the tube will stand. Furthermore, due to the decreased plate
voltage used, the cutoff value of plate current occurs at a iower
bias in television transmitters.

The high values of grid currents required, demand avidec mod-~
ulator of low internal impedance if good fidelity isto be preserved.
Because of the bandwidth involved, the modulators are either direct—
coupled or resistance-coupled into the grid circuit of the modulated
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amplifier, and consequently, their internal impedance is simply the
plate resistance of the modulator tubes, This results in curvature
on the positive modulation peaks, which will tend to reduce the am—
plitude of the synchronizing pulses,
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Fige13 A general comparison between grid bias modulat_eq trans—
mitters for standard broadcast application and for television pic—
ture service.

Due to the fixed value of excitation required rfor maximum power
output, and due to the fixed load impedance required rfor naximum
bandwidth, it is not possible to adjust the grid modulated trans—
mitter for television services to secure g berfect amplitude chap—
acteristic with respect to the modulating voltages, Curvature occurs
during the negative modulation beaks and showsup in the transmitted
picture as a slight reduction in contrast in the highlights or the
white portions of the picture. This effect is apparent in Fig, 13,
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6. TRANSMISSION LINE MODULATION. A bread -bcard setup of a
transmission line modulated transmitter operating at acarrier fre-
quency of 200 mc. is shown in Fig. 14. The schematic diagram of
this transmitter is shown in Fig. 15,

Fig.14 a labporatory 200 mc. picture transmitter employing trans—
mission line modulation.

Before considering the mode of operation of a transmission
line modulated transmitter, letusreview from thepreceding lesson,
one of the characteristics of a quarter-wave section of transmission
line. You will recall that a quarter-wave section of line operated
at its resonant frequency has the property of an impedance inverter;
that is, the characteristic impedunce of the section of line is the
mean between the sending end and the receiving end impedance accord-
ing to the following retation:

Zin. £o on fin= 20 (6)

%o Zout Zout

Where %o is thecharacteristic iwpedance of a quarter—wave Lline
section.

In the transmitter of Fig. 15 are shown three such impedance
inverters; Lt, Lm, La, all joined together at the junction J. In
addition to these three transmission lines, three others are used
to form the tuned circuits in the grid, plate, and cathode of the
push—pulli oscillator. When operating at lower frequencies, only a
grid and plate tank would normally be used, but at 200 megacycles
or higher, the additional tank in the cathode circuit serves to ob-
tain a better control over the phase and wmplitude relations of the
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Fig.185 Circuit employed in laboratory 200 mc. T.L.M. picture
transmitter.
exciting voltage and the output voltage. It would be quiteprastical
to obtain the output from either the grid tank or the plate tank
with preference given to the cathode tank which was used in the case
of this particular transmitter.

Let us now consider the operation of the transmitter as awhole,

If we were to place a short circuit across point J, no power would
be transmitted to the antemna load, nor would any power be absorbed
from the RF oscillator, because this short circuit at point J would
be reflected as an open circuit at the oscillator tank, due to the
quarter wave transformer that joins these two peints. If point J
were open circuited, the antenna would be connected to the RF oscil-
lator via the transmission line, and the coupling could be adjusted
until the maximum output obtainable from the oscillator was delivered
to the antenna. This would correspond to peak conditions of modu-
lation, Now, if the characteristic impedance of line La was so
adjusted that the antenna load was reflected to point J as 40 ohms,
then if we were to place an additional 40 ohms in parallel with the
antenna transmission line at point dJ, half the power appearing at
point J would be dissipated in this additional resistor, and half
would go into the antenna.

200,000
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The power appearing at J, under this latter cogd'}tion, would
be only half the power which appeared before the additional 40-ohm
resistor was added. The reason for this is as follows. Suppose
the transmission line Lt had a characteristic impedance of 40 ohms.
(This is for the sake of simplicity in explanation. In practice,
the actual value of the line Lt is unimportant). Then, urnder peak
conditions, the antenna load of 40 ohms at point J would be reflected
to the oscillator as 40 ohms, and a certain power, E® + 40, would
be delivered to the antenna. When the additional 40 ohms is placed
at point J, the total impedance at J becomes 20 onms which is re-
flected to the oscillator tank as 80 ohms, due to the impedance
inverting characteristic of the line Lt. Since the voltage gene-
rated at the oscillator tank remains unchanged, the total power
delivered to point J is now EZ + 80, or only half of the total power
delivered before this additional resistor was added. Of this re-
duced power, only half of this actually reaches the antenna, so the
antenna power is now only one—quarter of the peak output, correspond-
ing of course, to carrier conditions. Therefore, at carrier condi-
tions, it is necessary to dissipate in the control resistor at J,
a power equal to the power delivered to the antenna.

Let us consider the function of the line Lm, The line Lm is
adjusted, in conjunction with the tube capacities of the modulators,
to be electrically one-quarter wave long. Under these conditions,
Lm becomes an impedance inverter. Suppose it has a characteristic
impedance of 300 ohms. Ifwe place aresistance of 2250 ohms across
the plates of the modulator tubes, this will be reflected to point
J as 40 ohms, corresponding to carrier conditions.

Zin = _%o . 2250 - 300
© Fregn o Y-y
If the tubes were open circuited, point J would be shorted out, due
to the inverting action of Lm., This would correspond to zero output
(zero antenna power), or the valley of modulation. If a very low
resistance were placed across the modulator tubes, say for instance,
100 ohms, this would be reflected as 900 omms, across J. Since J
is already terminated in 40 ohms, which is reflected by the antenna
transmission line, the additional 900 ohms added by the modulator
line is of little consequence, and practically full outpui is de-
livered to the antenna.

It can be seen that if we could obtain a variable resistance
across the end of the line Lm, we could modulate the power delivered
to the antenna load. This is accomplished by making use of the vari-
able plate resistance of the modulator tubes M, No DC plate voltage
is applied to these tubes, although an RF voltage of course exists.
A small RF voltage also occurs between the grids and filements of
the modulator tubes due to the voltage drop across the lead AB in
Fig. 15 which interconnects the modulator grids. Since this lead
1s carrying a heavy RF current, due to the grid-plate capacity of
tl}e modulator tubes, a push-pull voltage is developed between oppo—
site grids. In addition to this small push-pull RF voltage, avideo
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voltage is applied between the paralielled modulutor cathodes and
the paralleiled modulator srids. The video voltage controls the plate
resistance of the modulator tubes, and in turn, controls the power
delivered by the RF oscillator to the antenna load. when themodu-
lators are driven to cutoff, they areopen circuited and dissipating
no power; nor is any power delivered to the antenna. When ttegrids
of the modulators ure driven highly positive, the wvoltags drops
across the tubes are quite low, and again, very little power isdis-
sipated in the modulator. Under this condition, maximum power is
delivered to the antenna load.
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For other values of modulator bias between zero and peak output,
the modulator assumes various plate dissipations. At a bias con-
forming to carrier conditions, the modulator loss is exactly equal
to the power delivered to the antenna. The dissipation curve over
the modulation cycle isa portion of a circle, as shown in Fig. 16.

For carrier conditions, the RF oscillator, or power amplifier
as the case may be, must be capable of supplying 2 kw. output for
1 kw. in the antenna. It must also have apeak capability cf 4 kw.
Under optimum conditions, this could probably te achieved with a
dissipation of between 1 and 2 kw. The modulator must be capable
of dissipating a power equivalent to the antenna power at carrier
conditious, and therefore need have a dissipation of only 1 kw. In
practice, however, it is desirable to have sufficient power cepabili-
ties in the oscillator or power amplifier to maintain, for short
intervals of time, the peak outputof the transmitter as this greatly
facilitates adjustment. Consequently, the Philco 1 kw. transmission
line modulated television transmitter uses a pair of 846's as a
water-cooled oscillator in the RF generator. These tubes have a
combined dissipation of 5 kw.

In order to drive the modulators to low values of plate resis—
tance to obtain high peak output from the transmitter, the grids are
driven highly positive during the peaks of modulation. Terrific
grid currents result, and it is necessary to choose atube designed
to carry large grid currents and withstand considerable grid dis-
sipation. The tube must also have a steep diode line, which of
course means a low minimum plate resistance. Forthese two reasons,
it is not generally possible to use tubes having a total dissipation
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equal to the power output of the transmitter. In the case of the
Philco 1 kw. transmitter, four type 450T's are used as modulators.

This type of modulation is theoretically quite linear with
respect to the video volta_e impressed upon the grids of the modu-
lators. Due to thbe large grid currents taken by tne modulators,
however, considerable non-linearity will result in the driver ahead
of themodulators unless it has a low internal impedance. A cathode
loaded tube (Fig. 17) would serve excellently for this purpose,
since it degenerates at all frequencies, and the feedback in the
cathode circuit removes the non-linearity which would otherwise be
introduced. A cathode loaded tube in contrast with a plate loaded

.17 (Cathode loaded

Fig
deo amplifier having
w d

riving impedance. P

T

Input

Output

=

tube requires a great deal more grid swing. Where one normally
expects to obtain a voltage gain in a video stage ahead of the mod--
ulator, a cathode loaded driver would yield a voltage loss, and the
stage ahead of the video driver would thea have to develop a great
deal more voltare, and consequently, be a very much larger tube than
in the case of aplate loaded driver. It would not necessarily have
to furnish any grid current to the cathode loaded stage, and the
cathode loaded stage would maintain the same pictare polarity as
shown in Fig. 17.

Since this ingenious modulation means removes the limitation of
bandwidth from the RF stage, it can operate with much higher effic-
iency. While the impedance inverter line Lm does have some discrim—
ination against sideband frequencies, still, the overall result is
a transmitter of greater bandwidth for a given number of tubes em-
ployed. Furthermore, the possibility of linear modulation under
optimum conditions isan improvement over the inherent non-linearity
of grid bias modulation. The video voltage swing required for the
transmission line modulator is less than the modulation output volt-
age necessary for grid bias modulation. The practical difficulties
are the unusnal modulator grid requirements, particularly with regard
to the heavy grid currents, the difficully of maintaining linearity
in the driver and the difficulty of maintaining adjustment of the
various transmission line functions.

In order tocalculate the performance of aparticular tube used
as a modulator in a lransmission line modulated system, it isneces—
sary to re-plot theplate characteristicsinterms of RF plate volt—
age versus RF plate current in order to draw a load linme on the
characteristics, since nc DC voliage is applied to the platesof the
tubes. The power output then derived from the load line would be
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the sideband power generated by the modulator. Thismethod is rather
tedious since each point on this new family of curves must be worked
out from the static characteristic. Rather than analyze the theoret—
ical performance of a 1 kw. picture transmitter, usimg this method
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of modulation, it is better for our purpose to inspect a typical
case and study its performance. The 1 kw. Philco transmitter pre-
viously mentioned was very excellently designed, engineered, and
described by the inventor of transmission line modulation——W, N,
Parker.® The overall modulation characteristic of this transmitter

Fig.19 Four type 450T's as ashielded modulator inaT.L.M, tele—~
vision transmitter.

is shown in Fig. 18, Fig. 18A shows the effect of varying the im—
pedance at the junction g, while Fig. 18B shows the effect of vary-
ing the inductance of the connecting strap between the gridsof the
push~pull modulators, thereby allowing small values of RF voltage

AUnique Method of Modulation for High—Frequency Television Transmitters, william
N. Parker, Aug. '38, |.R.E.
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to appear between them. It will benoted that increasing the induc-
tance of this connecting strap results in a smaller amount of re-
quired swing from the driver, but a swing which appears a.lmost.en-
tirely in the positive grid region (as seen in Fig. 18), resulting,
as previously mentioned, invery heavy grid current. The curvature
at the upper part of the performance curve is due to overioad from
the RF source; in this case, an oscillator, and could be reduced by
the use of the same RF generator tubes as a power amplifier, in
order to obtain greater output and consequent lower KF driving im-
pedance. The curvature at the lower part of the modulation char-
acteristic is largely due to losses in the modulator line, which
must consist of small conductors widely spaced in order to obtain
the correct characteristic impedance. Radiation resistance from
this line is materially reduced by enclosing the line, modulator
tubes and all, in a metal box as shown in Fig. 19.

7. LINEAR AMPLIFIERS. While it is true that successive simi-
lar stages employed in a chain of linear amplifiers greatly reduce
the bandwidth of the transmitter compared to a high-level system of
modulation where only one tuned circuit is involved, nevertheless,
satisfactory results can beobtained, due principally to twe factors.
First, the standardization of single sideband transmission has re-
duced, by a factor of approximately 1.55 to 1, the range of frequen—
cies which must be handled in the RF amplifier, as will be seen by
referring to Fig. 22. For a top modulation frequency of 4.5 mc.,
the transmitter would have to be 9 mc. wide in order to handle the
two sidebands which would be generated in the case of double sideband
transmission. With the advent of single sidebands, this bandwidth
for an equivalent video frequency has been reduced to5.75 mc. Ac-
tually, the bandwidth may be somewhat smaller than this, since the
video frequencies must be completely attenuated at the extreme edges
of the band just mentioned. The bandpass coupling circuits in the
linear amplifier stages can then be adjusted in order to assist in
the attenuationof the outermost sideband frequencies. This serves
the double purpose of assistingthe filter actionof the single side-
band filter and, at the same time, increases the impedance into
which the RF tubes must work because of the increased bandwidth.

The second factor which is responsible for the satisfactory
performance of a chain of linear amplifiers is the ability to com—
bine successive stages in such away that the attenuationof certain
frequencies in one stage is offsei by a peak in the response at the
same frequencies in the following stage. When this can be achieved
with satisfactory overall phase characteristic, the transmitter will
behave asif each tuned circuit were essentially flat over the entire
band. This can be best understood by considering Fig. 20. It was
necessary to choose a logarithmic scale on which to plot the gain
of the successive stages, since the overall transmission of the band
of f;‘equencies is the product of the individual stage gains. Since
multiplying the gains of the individual stages gives the overall
gain of a transmitter, we can achieve the same result graphically
by plotting the gains on log paper and adding the total amplitude.
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The solid line of Fig. 20 represents the gain of the linear
amplifier stage of Fig. 21, while the dashed curve of Fig. 20 repre-
sents the gain, or the response, of the grid modulated stage which
drives the linear amplifier. The upper curve, which is the sum of
the other two, is the overall performance of the transmitter. A
satisfactory bandpass, such as the solid curve of Fig. 20, can be
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Fig.20 Response of individual stages of a transmitter employing
tinear ampolifiers.

achieved in the final amplifier, since it works into a constant
load—the antenna. The antenna reflects the demping on the over—
coupled circuit necessary to give the required low effective Q.
The bandwidth of the grid modulated stage is adjusted by changing
the load resistance R of Fig. 21, into which the stage must work.

The grid current drawn by the linear amplifier at the peaks
of modulation increases the damping on the tuned circuit during max-
imum modulation peaks. This affects the shape of the dashed curve
in Fig. 20 in a manner depending upon the instantaneous value of
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modulation. This effect becomes more serious when the tuned circuits
of Fig., 21 are reversed; that is, when the overcoupled circuit is
placed in the plate of the grid modulated stage and the single-tuned
circuit becomes the tank of the linear amplifier. Under these con-
ditions, the bandwidth of the overcoupled circuit and the distance
between the peaks Si and S2 (Fig. 20) changes with the varying am-
plitude of modulation peaks. Fortunately, this effect occurs chiefly
during the blanking out and synchronizing impulses since they pro-—
duce maximum transmitter output. These pulses are composed essen-
tially of the lower frequencies and are not affected by the vary-
ing bandwidth of the transmitter. Likewise, amplitude distortion
introduced during this interval is not so important as it would be
if it occurred in the picture signal below the blanking axis.

2-4S0TL's 2-889's
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LS IL single g
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= I_ Filter < —
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Under~ T ¢
Caupled o Ant.
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Fig.21 Schematic of one formof television transmitter employing

low level modulation.

If several stagesof linear amplification are incorporated, it
is desirable to maintain an equal number of double-tured and single-
tuned circuits. The student should realize that while only simple
overcoupled tuned circuits have been mentioned, numerous cther types
of bandpass circuits would be applicable for interstage coupling.
Bach stage must be able to furnish the peak driving power required
by the following stage, and this peak power must be furnished with
good RF regulation. It must furnish this amount of power over a
wide band of frequencies, and therefore, only tubes which will pro-
duce considerable power gain with low - impedance load circuits are
satisfactory.

We have calculated the performance of apair of type 889's and
899's as grid modulated amplifiers. Using these calculations as a

basis, it is easy to determine the performance of the same tubes as
linear amplifiers.
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At the peak of modulation, the Class B linear and the grid
modulated amplifier perform in exactly the same manner. If we use
tank circuits of identical Q in the transmitter shown in Fig. 21
as were used in the calculations for the grid modulated transmitter,
the former calculations will apply. Thus, the 889 stage of Fig. 21
will develop 1 kw. output with a peak RF driving voltage of 800 to
900 volts, depending upon the plate voltage employed. The grid tank
must be heavily loaded to secure the required bandwidth, and under
these conditions will present a load impedance of 580 ohms as follows:

TYPE 889: 2 X Cgpacecsnans 35.6 mmfd.,
X Cofivenennne 18.8
Wiring Strayseeesees..10.0
Totalieeranaas 68.0 mmfd. per tube.

Since the tubes are in push-pull, the total tank capacity becomes:
@%§=3%2mﬁm

1 10° - g%, )
e = ok = on > FT.25 % 32,2 - J0+5 oms

Ru=0Q x Xc = 6 x 96.5 = 580 ohms.
Choosing the highest probable grid swing, but neglecting the small
driving power actually consumed in the amplifier tube, the power
dissipated in the %rid tank, which must be supplied by the driving
stage, is roughly 180 watts for an output carrier of 1 kw. This

represents a power gain of over five in the linear stage, which is
quite good.

- E? - : ing = Peak grid volts _ 900
W R E = RMS grid swing T.41d T41d

we = (900 x .707)2 _ 718 watts at peak of modulation.

We = 71—8 = 180 watts driving power at carrier conditions,

Similar calculations for the 899 indicate a power gain of eight,
which ismost remarkable, considering that this figure is for double
sideband transmission, with a top modulation frequency of 4.25 mc.

If the linear stage is to follow a single sideband filter, the
bandwidth would be decreased by a factor of 1.55, as previously
mentioned. The power output and the impedance of the grid tank
could be increased in the same proportion, giving acarrier of over
one and one-half kilowatts, with a driving power of 170 watts, or
a power gain of nine to one. At a sacrifice of plate circuit ef-
ficiency, a power gain of ten to one or better could have been
achieved. The grid driving voltage is increased slightly over the
double sideband case, but the increase in impedance of the grid tank
more than offsets the change in driving voltage.

Drivi =£2= (950"-202)2= .
riving power R 564 x 1,55 515 watts

Thus, it requires 515 watts at peak of modulation to supply tank
loss. The grid power necessary to supply the tube loss = 170 peak,
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and the total driving power = 685 peak or 170 watt carrier.

If the station engineer is not daunted by the complexity of
circuit adjustment in a series of wide band linear amplifiers, the
system offers definite advantages over high-level modulation when
single sideband is employed.

8. SINGLE SIDEBAND TRANSMISSION. Since television receivers
are adjusted to accept only the upper sideband of the radio trans—
mitter and a very small portion of the lower sideband, the use of
double sideband transmission becomes a waste of valuable space in
the RF spectrum. Therefore, television picture transmitters are
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adjusted to eliminate most of the lower sideband in the manner shown
in Fig. 22. This is R.M.A, standard T-115. This standard sets a
limitation not only upon transmitter performance, but upon receiver
performance as well. In order to understand the design of a trans-
mitter filter, it is necessary to first consider the receiver per-
formance.
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If we had an ideal bandpass at the receiver, such as shown in
Fig. 24A, then we could locate the carrier at fi and wewould accept
only one sideband. Under these conditions, the transmitter could
transmit either double sideband pictures or single sideband pictures,
or could cut off any place in betweenon the lower sideband without
affecting the receiver in any way whatsoever. Under these conditions,
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Fig.23 The effect of single sideband suppression upon the char—
acterist

Ics of modulated waves.

however, the receiver reduces the effective modulation percentage

of the transmitter by 50%. Furthermore, the result is acombination

of amplitude and phase modulation. This can be shown by referring
to Fi%. 23,

n Fig, 23 we have represented the carrier as a vector which
rotates with constant velocity, and having constant magnitude. The
projection of this rotating vector is the familiar sine wave of car—
rier voltage. When modulation occurs, there are, in addition to
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the carrier vectors, two other smaller vectors representing the two
sidepands, one rotating faster and one slower than the carrier vector.
In order to visualize themodulation process, we can let the carrier
vector remain still, as in Fig. 23B, in which case the sideband
vectors will rotate with adirection and velocity equal to the fre-
quency difference between the carrier and the sideband frequency.
These sideband vectors will add to, and subtract from, the carrier
in such a way as to produce amplitude modulation, as shown in Figs.
23B, C, and D. The result ispure amplitude modulation. Lf one of
these sideband vectors is removed, we can see from Figs. 23E, F,
and G, that the result is a modulated carrier which is not only
modulated in amplitude, but in phase as well. Furthermore, the
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Fig.24 Ffrequency characteristic of a single sideband receiver.

modulation percentage is reduced. It has been shown that although
this type of phase modulation introduces some distortion, for all
practical purposes, it has a negligible effect upon the picture
quality. For the rest of the discussion then, we can eliminate the
effect of this particular type of pnase distortion and continue with
the consideration of the effect of a single sideband upon the ampli-
tude of the wave.

From the foregoing discussion, it appears that even if the
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characteristic of Fig. 24A were obtainable, which of course is not
the case, it would not necessarily be the most desirable response
characteristic of the receiver.

Consider a receiver having an amplitude response such as Fig.
24B. If the carrier is placed at f1, then for very low audio fre-
quencies, both sidebands are received and modulate the carrier in the
usual manner of double sideband reception. At very high frequencies,
such as f2, only one sideband is received, but its amplitudeis twice
as great as the amplitude of the low audio frequencies and, conse-
quently this sideband frequency modulates the carrier to exactly
the same percentage as in the double sideband low frequency case.
For intermediate frequencies (f3) which arenot quite sufficient in
amplitude to completely modulate the carrier, a vestige of the lower
sideband, such .as fu, is transmitted to make up the difference. In
effect, the residual of the low frequency sideband adds to the high
frequency sideband to make up the deficiency as has been shown by
the shaded areas in Fig. 24B. As far as amplitude response is con-
cerned, the receiver behaves exactly asin the double sideband case.

This condition is approximated in practice by operating the
carrier down on the slope of the response characteristic of the re—
ceiver, as pictured in Fig. 24C. At frequency fo of Fig. 24C, we
will consider that the respouse of the receiver is sufficiently re-
duced that any frequency lower than fo would not appreciably assist
the upper sideband in the demodulation process. In other words,
frequency fo should be 10 to 100 times lower in amplitude than fi
or carrier. With this in mind, we can now refer to Fig. 22 and
consider the limitations imposed upon the transmitter.

In Fig. 22B, we have repeated the transmitter signal sideband
standardization, but have included in the same curve a typical re—
ceiver response characteristic when the receiver is tuned to a car—
rier of 51.25 mc. The requirement placed upon the transmitter is
that it must have a good frequency response as well as a good phase
characteristic over the range from H0.5 to 55.25 mc. Since this is
the only range of signals accepted by the typical receiver, any dis-
tortion of the transmitted signal between 50 mc. and 50.5 mc.should
not be interpreted by the receiver, but any distortion occurring
between 50.5 and 51.25 mc. would cause distortion in the received
picture. For instance, if at a frequencg of 51 me., the sideband
was delayed sufficiently to cause a 180 phase shift, the lower
sideband would subtract from, insteadof adding to, the upper side—
band at 51.50 mc., and the resulting video characteristic would be
distorted as shown in Fig. 22C. A phase shift at 50.25 mc. would
not affect the receiver in this manner, since it is outside of the
reception band of the receiver. Although the transmitter must pre—
serve full output with no phase distortion from 55.25 me. to 50.5
mc., it must cut off very rapidly between 50.5 and 50 mc., regardless
of the phase conditions in this region. The output must be down to
a very lowvalue at 50 mc. in order that it will not produce sideband
energy in the channel occupied by another station which, of course,
extends to 50 mc. A small amount of output could be tolerated at
0 mc., but at 49.75 me., the output should be very much less than
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1% (60 db below carrier being a good figure), in order that it will
not interfere with the sound carrier of the adjacent channel.

The single sideband filter can be inserted between the modu-
lated amplifiers and a chain of linear amplifiers in the radio trans-
mitter, or the filtering can be done at high level and the filter
inserted between the output of the transmitter and the antenna
terminals.

The performance characteristics of single sideband filters
have been set forth. The physical arrangement for accomplishing
the desired results will be considered in the next lesson on tele-
vision anternas, since filters are composed chiefly of transmission
line sections and bear more relation to the general problem of an-
tennas and RF transmission, than to the problem of transmitters
and RF generation.

9. MODULATOR AND VIDEO AMPLIFIERS. From the preceding sec-
tions on transmitter design for the various modulating systems, the
power requirements and tube complements of the modulator were covered.
In this section, we will comsider the video amplifier which must
feed these modulators, andwe will discuss the circuit requirements
which are necessary to effect a direct coupling between the modulator
and the modulated amplifier to maintain the proper bias on this, as
well as the lower power stages.

In studying video power amplifier requirements, at least three
points must be considered. First, we must have the correct number
of stages tomaintain the proper polarity of signal at the modulator
grid; secondly, we must have sufficient gain in the stages to supply
the modulator with a 100% modulation capability; lastly, the number
of tubes that must be operated in parallel for each stage must be
determined. Another consideration is the coupling arrangement be—
tween the successive video stages in order to obtain an effective
DC coupling, especially when grid current is required.

In general, transmitters are designed to accommodate a video
signal of such polarity that the synchronizing pulses and the black
of the picture are inanegative direction at the video input term—
inal of the transmitter. %n the case of grid modulation, this means
that an even number of video stages must be employed in order that
the polarity of modulation will cause the synchronizing pulses to
be represented by an increase in carrier, according to the R.M.A,
standards. The polarity of waveform can be followed threugh in the
block diagram of Fig. 12, which shows the 1 kw. RCA transmitter.
In the case of transmission line modulation, an odd numker of video
stages must be employed in order to make the synchronizing pulses
highly positive at the grid of the modulator, whick of course, cor-
responds to maximum output. An even number of video stages must
be employed in the case of plate modulation for the same reason an
in the case of grid modulation.

) The second and third points mentioned under this section head-
ing, namely the overall gain and number of tubes per stage, are best
expla.inedbyconsidering aspecific example, for which we have chosen
the transmitter outlined in Fig. 12. This is the same transmitter
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employed. Ip We are to reduce the numberofstages to two, in pre~
ference to four, then the gain per stage must average better thap
six. The last stage must work into acapacity of approximately 173

Cinouu .0, mmfd,
10 tubes 0 8

763 BimXe= b= 100 = 216
Strays..,,. 10 2fc  9m % 4.25 x 1 3
Total,..... 173 mmfgqg,

Gain = Gn x B, (7)

807 DRIVERS: . . X
Mewsuuu,, 6000 mmhos, Gain per 807 (neglectlng their Output
Cout..,... 7 mmfd. Capacity) = gg0¢ X 108" x 216 = 1.3,
Cinouon, .. 11 mmfd, Gain for 4 tubes = 4 x 1.3 2 5.2

The first stage must have a gain of 7.2 and Operate into g load
resistor of pot, greater than 680 oppg as follows:

Reans o : - overall uaip = 37.5 _ .
€quired gain of fipgt stage %0 of Tase Stage %ﬁ?? 7.2

807 Input Capacity,.,.1) mmfd,
4 tuves,.. X [}
T mmeg, Ri= X = —————lQT:-———— = 680 ohms
Strays...jo 25 x 4.25 hd
54 mmrg,

video stages, op when a modulatop driveszicapacitative load,
the capacit of either the output tubeg or the load (whichever is
he smaller could be neglected. Thig can ordinarily pe done pro-
Vided special coupling circuits ape used,

On several Occasions jt Was mentioned that ip the case of cgg—
caded



Ifapi network, such as shown inFig. 25B is used, this capacity
is split into an output and input capacity of a filter network and
a considerable increase in load resistance is possible with an at—
tendant increase ingain. This is sometimes called "series peaking"
or "series compensation". In general, it is possible to obtain a
more uniform response over the band if a combinationof both of the
above methods is used.

Fig.25 Wide band coupling networks for video amplifiers.

Combination compensation, such as shown in Figs. 25C and 25D,
operates with maximum benefit when the capacities on the input and
output of the pi network are in the ratio of two to one, or ome to
two, and the load resistor is connected to the terminal of the net-
work having the smaller capacity. In the caseofFig. 25D, capacity
Ce would be twice the value of Ci. If C; and C: tend to be approxi-
mately equal, the coupling condenser C3 can bemoved to the opposite
side of the seriescoil Lse. The capacity of this condenser to
ground will then upset the equal capacity of Ci: and C2. This op-
timum capacity balance (capacity ratio of 2:1) also holds for the
case of straight series peaking.

Under the above conditions, combination peaking will afford a
gain of 1.5 to 1.8 times the gain obtainable from shant peaking,
and since the smaller capacity is just 50% of the larger capacity,
it follows that the gain obtainable from this type of compensation
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is the same asif the amplifier had been designed for shunt peaking,
neglecting the smaller capacity. ) B

When it is impossible to obtain a capacity ratio of two to one,
but equal capacities can be achieved, then the network of Fig. 25E
can be employed with an even "flatter" response characteristic than
in the case of combination peaking. This is a two-section filter,
terminated in a load resistor equal to the capacitive reactance
of C2. Acrossthe load resistor isplaced a series resonant circuit,
tuned to a video frequency slightly higher than the top frequency
that is desired to be preserved. The network is then said to be
terminated in an "M derived" section. Since C: is balanced to be
equal to Cz2, the gain that can be achieved is just twice the gain
obtainable by the use of shunt peaking with the same total capacity,
or conversely, the gain is equal to that obtainable with ordinary
shunt compensation when one of the capacities has been neglected.

2-899°s
10-831"s
4-807's
VA L)

5 4-807's Modulator

Video
input
% Ry

LMI

ig.26 The use of DC restoration circuits in television trans—

The tourth consideration in the design of video amplifiers was
stated as the problem of mainteining an effective DC coupling in
the transmitter. The first and most obvious method of achieving
this is to level the signal at the grid of the modulator (that is,
restore the DC component with a diode). This is shown in Fig. 26.
There are two disadvantages to this method, the first of which is
minor and not ordinarily objectionable in practice. The student
should refer to Lesson 9, Unit 5, and review the process of DC re~
storation before continuing.

It will be recalled that the operation of the leveling diode
depends upon charging condenser C: (of Fig. 26) through the impedance
of the diode, and discharging it through Ri, In this manner, a
sawtooth voltage is generated and added to the picture signal at
the grid of the modulator. If this effect becomes prominent, it
not only adds a shading signal to the picture, but may decrease the
quality of the synchronizing. In practice, it is seldom bad enough
to cause much trouble.

_If the modulator must be swung into the positive grid regionm,
which is quite often the case, the leveling problem becomes a dif-
ferent story. Notice im Fig. 26, that the polarity of the signal
1s such that two types of leveling occur. The diode levels on the
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synchronizing tips, but the grid current of the modulators cause
these tubes to level on the highlights of the picture signal. The
diode and the modulator grids will thus vie for control of the DC

44507 's
Modulators
& y-6Lé's y-6L6's 2-4507

Video
|

Input

i g | [ :

R1113

N

111
—l 250V m— 600V

Fig.27 Direct coupling of video amplifiers

level of the picture. In this case, the level of the blanking pulses
will be prone to shift in accordance with the amount of picture
signal present.

If the whole video amplifier is DC-coupled, as shown in Fig.
97 (typical video amplifier for transmission line modulated trans-
mitter) no trouble will be experienced with lack of DC insertion’

2-899°s

A=C=1310V
2-807's 5 4-807's 10-813°s

Fig.28 The use of bucking packs to effect a direct coupling be-
tween video stages.

when the stagesare run into grid current since the DC component is
carried all the way through. The difficulty with this method is
that the individual power supplies, as well asthe cathodesand fil-
aments of the various stages, will be at a potential of perhaps
several thousand volts above ground. Care must then be exercised
in mounting small parts (particularly metal cased electrolytic con-
densers) upon the grounded video chassis.
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A compromise between the two above methods could be achieved
by direct-coupling between the driver and modulator, and employing
leveling at the grid of the driver.

Still another method of direct—coupling between successive video
stages is illustrated inFig. 28. In this method, the plate voltage
of one stage is offset by a bucking pack connected directly between

(8) (c}

¥ ¥
L Ry L Ry
¢ R,
e =
L Cs
’ 2;? B+ }':l?

Fig.29 A constant resistance network.

the plate of one stage and the grid of the next, and adjusted to
give the correct bias on the following tube. In order that the
capacity of the pack to ground will not result in a loss of high
frequency response, it is isolated by two resistors (R; and R,).
The high frequencies are coupled between the stages by the capacitor

2-899's
2-891's

1-891 Uw Modulators x y

Constant Ly

R
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¢ Bucking

- +| Pack -

B8+ ’

Fig.30 The application of constant resistance networks as inter—
stage couplers in video amplifiers.

Ci. At low frequencies, corresponding to slow variations in back-
ground, the capacity C: is not effective, but neither is the stray
capacity Cs, sonodrop occurs across the coupling resistors (R: and
R2) and the pack "floats" up and down with respect to ground.

Due to the decoupling resistors (R; and Rz) in Fig., 28, this
method cannot be employed where amy grid current is apt to flow in
the driven stage. A method somewhat similar in principal can be
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used in this case, based upon the principles of constant resistance
networks. The circuit inits final form is shown in Fig. 30, whereas
the development of the principle is illustrated by Fig. 29. '

It can be shown that the network illustrated in Fig. 29A exhib-
its the characteristics of apure resistance whose magnitude is cons—
tant at all frequencies when the various components of the circuit
are proportioned in a very definite manner as follows:

Zin=Ro=Ri1 =Rz = /%‘11

When this is done, the network as a whole can be substituted
in a video amplifier for the load resistance in the plate circuit
of the tube. This would have no particular advantage over an ordi-
nary resistor except for the development shown in Fig. 298, Here,
the coil L1 has been split into two parts, Lz and L3, each having
the same inductance as Li and so tightly coupled that they act as
a single coil. The capacity C1 of Fig, 29A appears as Cs in Fig,
29B. The network still behaves as apure resistance, and the volt-
age at x also appears at y, due to the tight coupling of L2 and L3
which are by-passed to each other at the lower end. The stray ca-
pacity of a coupling pack to ground, in conjunction with a small
trimmer shown inFig. 29B and C, and in Pig. 30, replaces the capac—
ity C1 of Fig. 29A,

The function of the coupling pack in this case is the same as
in the case of Fig. 28, except that now the circuit will function
in spite of grid currents drawn by the video stages. This is so
because of the low resistance of the coils L2 and Ls. The applica-

tion shown in Fig. 30 is typical, and could be applied to the trans-
mitter of Fig. 6.

10. MISCELLANEOUS TRANSMITTER REQUIREMENTS. The power supply
requirements of television trensmitters are stringent. The power
supply must not only be free from hum, but must have avery low in-
ternal impedance. This is very difficult toachieve inahigh volt-
age power supply. The low impedance loads into which television
transmitter tubes must operate, cause the tubes to deliver their
optimum performance with a lower than normal plate voltage. This
allows us to use agreat deal more filtering than we would otherwise
be able to do foragiven power and arestricted cost. In broadcast
transmitters, any residual hum, not filtered out of the pewer supply,
can be degenerated in the transmitter. It isnot practical to do this
in television service because of the extremely wide video band that
must be handled. All high voltage supplies should be as heavy duty
as possible with good regulation. Three-phase power supplies are
highly desirable as are oversized choke coils. The output filter
should consist of at least 10 mfd. capacity.

Any humon the carrier modulates the blanking and synchronizing
level of the transmitter sigmal as shown in Fig. 314. This results
In a signal which is not only hard to synchromize at the receiver
due to the varying level, but is apt to cause waviness in the edge
of the picture. Bad offenders in this matter are filaments heated
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by alternating current, suchas the modulator or modulated amplifier.
In general, unless the filament is a polyphase one, it isdesirable
to operate the high power tubes from a DC generator. Any residual
hum can be balanced out by creating an equal hum of opposite phase
and inserting this at low level in the video amplifier in the same
manner that shading signals are inserted in control room amplifiers.
This subterfuge is to be used as alast resort, since such circuits
are always awkward and apt to get out of adjustment.

Regulated power supplies should be used in all the low-level
video stages, and if possible, each stage should have a separate
supply. This facilitates trouble elimination, which in video am-
plifiers quite often occurs as signal components across the power
supply leads, due to power supply resonance or poor regulation.

(8) Poor Power Supply Regulation
Fig.31 The effect of hum and

poor power supply regulation upon
the performance of picture transmitters.

It is not economically practical to use a regulated high volt-
age power supply to supply the modulator and the modulated amplifier,

The best possible unregulated supply isnot always good enough, and
the effective internal impedance of the power supply causes some
phase shift at the lower frequencies, due to the small condenser
(10 mfd. or so) in the output stage of the filter. Such acondition
in the supply for the modulator would cause an increase in the low

frequencies, while the same condition in the plate supply to the
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modulated amplifier would cause anegative plate modulation to occur,
which would result in a deficiency of low frequencies. The latter
effect is generally more prevalent and is shown in Fig, 31B. This
particular effect can be compensated for by properly_ adjusting the
decoupling circuits in the low-level video stages in exactly the
same manner as in correcting the poor low frequency response due to
coupling condensers in receiver circuits.

While the above type of distortion can be corrected, another
effect which arises from the same condition is not so easily over-
come, and for this reason, mediocre power supplies should not be con—
structed with the idea in @mind of correcting the distortion which
they introduce. Poor regulation in the power supply will cause the
output voltage to drop asthe current increases. The lower voltage
causes the overall output of the transmitter to be reduced, and the
effect is that the transmitter has a smailer response to DC varia-
tion than to AC variation. Dissimilar response to AC and DC causes
the blanking level of the transmitted picture signal to shift as the
type of picture is changed. If this effect ispresent to any great
extent, the blanking level might shift enough to cause the video
signal to exceed the modulation capabilitiesof the transmitter and
saturate the synchronizing impulses. The effect is exactly the same
as a compromise between AC and DC coupling in the video amplifier
and the effect of Fig. 1 occurs, but to alesser degree. This defect
is quite apparent when the picture is removed and the background
level adjusted to the blanking line. Under such extreme conditions,
poor regulation in the power supply will be evidenced by shifts in
the blanking level of the RF cnvelope, and probably by a slight
change in the magnitude of the synchronizing pulses.

When video stages are to be directly coupled (this is sometimes
desirable when it is necessary to supply 2rid current) it becomes
necessary to operate several power suppliesin series (See Fig. 27),
each power supply furnishing its individual video stage. Under
these conditions, ordinary power supplies arenot satisfactory. In
order to prevent coupling between stages, regulated power supplies
are a necessity.

When it is desired to operate direct -coupled amplifiers in
the manner shown in Fig. 28, the bias voltage on the second stage
is the difference between the voltage A-C and the poteniial of the
bucking pack. Since thisdifferential voltage isasmall percentage
of the total output of the pack (15 volts out of 1300), any varia—
tion in one of these packs will be applied directly as a signal on
the grid of the video stage. If the output of the bncking pack
changed only 1 volt (a small fraction of one per cent), this signal
through the video amplifier would modulate the transmitter several
per cent. Obviously, only the very best types of regulated packs
are suitable for this service.

Since the video amplifiers and modulators carry frequency com—
ponents as high as 4 mc.,, they must be placed close together and
close to the modulated stage in order to reduce the stray capacities
of the connecting leads. Under these conditions, the video amplifier
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is close to a strong RF field. Extreme caremust be taken to shield
the video amplifier and correctly isolate the power supply leads.
Otherwise, RF pickup will drive the grids of the video amplifier
into the positive region, causing them to "level"” on the peaks of
the RF wave and thus shift the operating bias. This bias shift
gives rise to amplitude distortion by operating the tubes on the
wrong portion of their characteristic curve. i )

If a leveling tube isused such as shown in Fig. 26, RF pickup
may cause this tube to level on the RF signal rather than on the
tips of the synchronizing, and this would make it impossible to re-
store the DC component of the video signal by leveling.

If the sound transmitter and picture transmitter are operated
close together, another typeof trouble which might arise is pickup
of the output of ope transmitter in the circuits of the other., If
the output of the sound transmitter is picked up by the video am—
plifier, a certain amount of rectification will take place, due to
the unavoidable non-linearity in some of the stages. This causes
cross-modulation between the audio signal and the video signal, and
the background of the received picture will vary at audio modulation
frequencies. A similar but more curious trouble has occurred by
rectification, in the control tubes of the regulated power supplies,
of the RF voltage picked up in these supplies. Such pickup and con~
sequent rectification will modulate the supply voltages at audio
frequencies, and in turn inject this signal into the video amplifier
with exactly the same result as in the previous case.

Excellent shielding is necessary in television picture trans-
mitters. All of the RF stages, and particularly the driver stage,
should be shielded. Any radiation from the driver which is picked
up at the receiver will result in a steady signal which is unaf-
fected by picture modulation. The effect is exactly the sameasif
the modulation capabilities of the transmitter had been reduced in
the negative direction; that is, the direction toward minimum carrier.
The amount of radiation that escapes from an unshielded stage is
astounding. In some cases, this radiation might be as high as 10%
of the maximum radiation possible to produce from the same stage
feeding a correctly adjusted antenna.

If the driver has poor RF regulation, there will appear inits
tank circuit, amodulated RF signal, having opposite polarity to the
signal which appears in the tank of the final modulated amplifier.
If any stray radiation exists from the driver in this case, the re-
ceiver will pick up both a positive and a negative signal. Since
a8 positive signal istransmitted via the feed line and antenna sys—
tem, its path length to the receiver is different from that of the
stray signal escaping directly from the driver. In this case, two
images will be received, having opposite polarity and displaced on
the face of the Kinescope. This effect is particularly important
in the case of transmission line modulation, where the RF source
has a relatively high amount of circulating energy, compared to the
amount that isactually delivered to the antenna. In this case, any.
stray radiations from the RF source (that is, the oscillator or
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power amplifier which feeds the transmission line modulator) will
be an appreciable percentage of the power radiated by the antenna.

In addition to the necessity for good shielding, plus the neces—
sity for low capacity in the modulator and video amplifier, and the
reduction to an absolute minimumof all stray capacities across the
wide band tank circuit, all of the construction details discussed
in the lesson on television sound transmitters should be applied in
the construction of television picture transmitters. At the con-—
clusion of this lesson, the student should review the previous one
to refresh himself on the principles outlined therein.

11. ADJUSTMENT TECHNIQUE AND MONITORING PROBLEMS. Picture
transmitters are adjusted by acut and try process, but it is impor—
tant to have a thorough understanding of the prineiples discussed
in this lesson; particularly the considerations in the design of
the various types of transmitters. With this understanding, the
effects of changes can be anticipated, and the resultsof the changes
can be better understood and analyzed.
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Fig.32 The setup for adjusting the bandwidth of the radio fre—
quency stages of a picture transmitter.

In the case of a plate modulated transmitter which is to be
operated at a previously calculated plate voltage, the load on the
tank circuit is adjusted by observing the bandwidth of the trans—
mitter in the following manner. A load is obtained which is as
nearly apure resistance aspossible. This can be either apreviously
adjusted antenna system or adummy load. The coupling to the trans—
mitter is then varied in definite steps, and for each step, a fre-
quency response of the transmitter is measured from the output of
the modulator to the RF load. A vacuum tube voltmeter is suitable
for measuring the output of the modulator, and a heavily loaded
diode detector plus a peak-reading voltmeter can be coupled to the
antenna circuit for measuring the rectified output of the transmitter.
(see Fig. 32) The coupling isadjusted until the required bandwidth
is achieved, after which it is fixed and not touched thereafter.
The excitation and bias are then varied to obtain maximum linearity
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at maximum output, observed by an oscilloscope when a low frequency
audio generator is used to furnish input to the modulator. With the
exception of the RF load adjustment, all other adjustments follow
standard broadcast practices.

The grid modulated transmitter is adjusted inexactly the same
manner except that the excitation and bias adjustments aremore cri-
tical if we are to obtain maximum output at maximum linearity without
exceeding the ratings of the tube.

The linear amplifiers are adjusted in the same manner except
that individual stages are adjusted one at a time, starting at the
output stage and working backward. In this case, the response of
the linear amplifier must actually be plotted over a wide band of
frequencies, since in the case of an overcoupled circuit, we are
not aftera flat response, but are after aparticular shaped response,
as shown from previous calculations.

If the transmitter has been adjusted with the actual antenna
connected in the circuit, ‘then no further adjustments are necessary.
If the transmitter was adjusted by the use of a dummy load, then all
the voltage and current readings of the transmitter must be recorded.
The real antenna is then substituated for the dummy antenna, or dummy
load, and with all other adjustments of the transmitter remaining
the same as previously, the coupling to the antenna is increased
until the plate current of the output amplifier is exactly the same
as the value recorded from the adjustment with the dummy load.,

The adjustment of a transmission line modulated systemis radi-
cally different. Consider the circuit of Fig, 15. The spacing of
line Lm is adjusted so that the line will have a surge impedance of
approximately 250 ohms, Line La is adjusted until the antenna re-
flects approximately 40 ohms at junction J. This impedance is not
measured, but it is assumed that the antenna load is known approx-
imately, and the spacing of the line La is adjusted to transform
this impedance back to a 40 -ohm Jjunction impedance, according to
the following relations which we have used several .times before:

¥t~ it
(o] out 8 !
Where Zo= 276.5 logio % @ @

- 8

The next step in adjustment is to short-circuit the plates of the
modulator tubes and adjust the coupling from the tank circuit or
the spacing of the line Lt umtil maximum output is obtained from
the transmitter as indicated by oscilloscope or antenna ammeter,
The short-circuit is then- removed from the modulator tubes and the
length of Lm is adjusted, with themodulators biased off, until the
antenna output falls to zero., The short - circuit should ‘then be
replaced and the first step repeated, this time with the plates of
an oscilloscope connected directly across the antenna feed line, or
excited from a tuned circuit which is link-coupled to the antenna

fged line. The deflection of the oscilloscope for maximum trans—
mitter output is recorded.
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Next, an AF signal is inserted on the grids of the modulator
and increased until maxiwum allowable grid current onthe modulators
is reached, The audio signal should also be applied to the hori-
zontal amplifier of the oscilloscope if the vertical plates are con—-
nected to the RF output of the transmitter. The trapezoid then
traced on the screen of the tube should have an envelope similar to
the curve in Fig. 18A. If a good minimum carrier is reached on the
negative peaksof modulation, but if the pasitive peaksof modulation
do not drive the output towithin 90% of the maximum output recorded
on the oscilloscope for modulator—short condition, then the impedance
at the junction should be lowered by decreasing the line spacing of
transmission line La. If the reverse is true; that is, if it is
possible to secure a fairly good maximum output from the transmitter,
but the negative peaks of modulation do not reduce the transmitter
output to nearly zero, then the impedance at junction J should be
increased by increasing the spacing of the transmission line L.

When the transmitter is properly adjusted for AF response, no
further adjustments are necessary except in the video amplifier,
since the transmission line modulation method does not normally
limit the band width below that required for 4.5 mc. top video fre~
quency.

It is highly desirable to have at the transmitter a monitor
fed by the radiated output, but this is extremely difficult to do.
Stray fields from the transmitter are prone to cause more pickup in
the RF monitor and the feed line to the monitor antenna, than is
picked up directly in the monitor antenna itself. Extreme care in
shielding must be used and the monitoring antenna must be located
in the clear and fairly close to the transmitting antenna, say,
within 100 yards. The feed line to the monitor should be of the
low-loss type in order to produce a large signal from the antenna
itself in comparison to the stray fields delivered to the monitor.
The monitor is preferably a one or two-stage RF amplifier and diode
detector, rather than the conventional superheterodyne receiver.
If the antenna response is known to be flat, the simplest way of
monitoring is to connect a diode and a pickup loop to the feed line
between the transmitter and the antenna. The video sigmal output
of this diode detector is then fed toavideo amplifier and applied
to the screen of the picture monitor. The picture monitor should
be arranged to observe not only the rectified output of the trans-
mitter, but also the signal onthe line input to the video amplifier,
and on the grids of the modulator with a three-position switch, in
order that a direct comparison may be had.

We should also have an oscilloscope which constantly monitors
the RF waveform of the transmitter. The platesof the oscilloscope
should preferably be connected directly across the antenna transmis—
sion line or through a half-wave section of line to the antenna
transmission line, but can be, for second choice, fed by a tuned
circuit which is link~coupled to the antenna transmission line, The
disadvantage of this latter method isthat the bandwidth of the tuned
circuit is small and the waveform is not a perfect replica of the
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transmitter performance., If the tuned circuit were sufficiently
damped to pass a wide band of frequencies, then it would have to
dissipate considerable power in order to develop the several hun-
dred volts necessary for complete deflection of the oscilloscope.
This is wasteful of emergy, and is to be avoided if possible.

The requirements for frequency monitoring have been covered in
the previous lesson, and will not be reviewed here. A convenient
means of checking the overall bandwidth of the transmitter is to
apply a sweep frequency video generator to the input of the video
smplifier or the line input to the transmitter., If the oscilloscope
plates are connected directly to the antemnna transmission line, the
bandwidth can be observed by noting the percentage of modulation
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Fig.33 The monitoring means for observing the overall frequency
characteristic of the transmitter.
over the various portions of the sweep cycle., Alternatively, a de-
tector could be applied to the video amplifier of the monitor to
rectify the sweeping video frequency so that the envelope may be
applied to an ordinary oscilloscope (see Fig. 33)., The trace of
this envelope over the sweep cycle isa plot of the overall frequency
characteristic of the transmitter and momnitor.

The real proof of the transmitter performance, however, lies
in a visual inspectionof the received picture, carefully observing
its overall picture quality as compared with the same monitor when
fed by the input to the transmitter.

hH4



EXAMINATION QUESTIONS

INSTRUCTIONS. Before starting toanswer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. Hake all answers complete and in de-
tail. Print your name, address, and file number oneach page and be
neat in your work. Your paper must be easily legible; otherwise,
it will bereturned ungraded. Finishthisexamination before start-
ing your study of the next lesson. However, send in at lsast three
examinations at a time.

1. (A) Why is it desirable totransmit the DC component of the
video signal? (B) What is the effect upon the tramsmitter if the
video stages are AC-coupled?

2. BSketch the basic circuit for seriesand for parallel plate
modulation of television picture transmitters. Indicate by sketch
the polarity of the picture signal at the grid of the modulator.

3. Sketch the basic circuit of a grid modulated picture trans-
mitter, and indicate by sketch, the polarity of the picture signal
at the grid of the modulator,

4. Sketch the basic circuit of a transmission line modulated
picture transmitter, and indicate by sketch, the polarity of the
picture signal at the grid of the modulator.

5. What method or methods are employed to maintain the wide
band characteristics of linear amplifiers in television transmitters?

6. What is meant by a single sideband filter? Where and why
is it employed?

7. What are the comparative advantages and disadvantages of
grid and plate modulation for television?

8. What are the chief differences in the mode of operation
of grid modulated transmitters for standard broadcast stations and
television service?

9. Sketch a video amplifier to couple between the line (from
the control room amplifiers) and the modulator of a grid modulated
stage including the following: leveling (DC restoration) at the
grid of the modulator; picture polarity at each stage in the chain;
combination series and shunt peaking (high frequency compensation).

10, Sketch several methods of preserving the DC component when
coupling between two video stages.
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Notes

(These extra pages are provided for your use in taking special notes)
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FEAR

..... the shadow of ignorance.

Somewhere...some time we read the following words, written
by a psychologist whose name has slipped intoacorner of our
brain. Some day it will ®pop* up without warning. Those
words are.

“"Fear 1s only another name for lignorance”.

Men who fear the future, usually dosobecause they feel
that they lack the knowledge necessary to hold the success
they have achieved. And, if they have failed to achieve any
degree of success, they fear the future because thevery same
lack of knowledge has prevented them from saving money to
take care of their needs, as age, slowly and relentlessly
creeps upon them.

Just as fear is the shadow of ignorance, self confidence
is the shadow of knowledge.

Ashort time previous tothe writingof this little story,
a student approached one of our engineers who was patiently
constructing an elaborate piece of television testing equip-
ment. On the bench before this engineer, was anamazing con-
glomeraticn of wires and parts. For weeks he had been striv-
ing to attain certain results, but so far had not been suc-
cessful.

Gazing at the array of wires and parts, the student asked,
Do you think you will ever get the right combination?® The
answer was, 'Of course | will. It just takes time'. The
engineer was CONFIDENT because he possessed knowledge. And
today that piece of equipment is functioning perfectly inour
laboratory.

While you may not realize it, each bit of knowledge that
you glean from the lessons you are mastering, S ADDING MATER-
IALLY TO YOUR SELF - CONFIDENCE. You should have no need to
fear....FEAR. And the greater the extent of vour knowledge,
the more heroic the shadow of SELF CONFIDENCE that you cast
before you, will be.



Liesson Six

"Regardless of how
perfect or efficient a tel-
evision station's pickup and
transmitting equipment might
be, good results cannot be se—
cured unless the transmitter de— \%
livers its energy into a properly ‘
desighed antenna.

"Because of the importance played by
antennas and filters, it is highly important that you study this
lesson carefully, I am sure that youwill spend the necessary time
to master it completely,"

1., ULTRA-HIGH FREQUENCY PROPAGATION. In a previous lesson,
the student learned that broadcast coverage could be divided into
three areas: PFirst, thearea served by the ground wave, second, the
area in which the ground wave and sky wave combined to produce a
strong but unreliable signal subject to considerable fading, and
third, an area served by the sky wave, which enjoyed fairly reliable
signals at night, but which could not be reached in the day time.

The characteristics of ultra-high frequency signals must be
classified differently. Since the antennas are elevated to great
heights, for reasons which we shall presently consider, there is a
local area served by a combination of a direct ray and a ray re-
flected from the ground. The second area which am ultra-high fre-
quency signal may serve isthe area immediately beyond the horizon,
and the signal reaching thisarea is due to diffraction at theearth's
surface. The power of television transmitters is such that this
area does not ordinarily receive a reliable signal, but it must be
considered, inasmuch as interference would always be caused with
another transmitter in this area operating upon the same frequency.
The third area into which ultra-high frequency signals may be pro-
pagated is any territory beyond approximately 200 miles, and in such
territory the signal serves no useful purpose but may cause occa-
glonal lnterference to other transmitters operating upcn the same
frequency.

The transmissions into distant areas are due to two causes.
The first cause is refraction of the wave in the atmosphere under
certain conditions; and the second is transmissior due to the sky
wave under extreme conditions of ionization in the lower ionosphere.
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In modern broadcast installations, the antenna is located close
tooreven directly connected to the ground. Under these conditions,
the service area of a station located at the high frequency end of
the broadcast band is only a small fraction of the area served by
the ground wave from a station located at the low frequency end of
the band. This difference isdue to the increased absorption of the
higher frequency by the ground, and by various objects in the path
of propagation. As we go higher in frequency, this effect is mag-
nified until it would be impossible toobtain satisfactory coverage
froma low antenna, operatingata frequency of 44 to 104 megacycles.
On these frequencies, it isnecessary to elevate the antenna ashigh
as possible inorder to secureadirect path between the transmitting
antenna and the receiving antenna as shown in Fig. 1.

Fig.1 Normal transmission path between transmitter and receiver.

Unfortunately there exists, besides the direct path from the
transmitter to the receiver, indicated by D, an additional path R,
which isaray reflected fromthe ground. High angle radiation such
as X, which is detrimental at standard broadcast frequencies, is
not important on the ultra-high frequencies, except that it is de-
sirable to utilize this energy by suppressing it along the direct
path D. It does not combine with the direct path to produce inter-
ference, since it is rarely returned to earth, and then only at
great distances. The reflected ray R suffers aphase reversal upon
reflection. If the path D and the path R were of the same length
and no losses were encountered upon reflection, the direct and in-
direct rays would cancel at the receiving location. However, the
path R is somewhat longer, and therefore, aslight phase difference
exists between the direct ray and the reflected ray asgiven by the
following formula:

6 = 4fab (1)
Ar

where: 6 represents phase difference between direct ray and re-
flected ray, h is the height of the transmitting entenna in meters,
8 1s the height of the receiving antenna in meters, r is the dis-
tance between the transmitter and receiver in meters, and A is the
wavelength in meters.

The direct field froma half-wave dipole is: E = 7(/§/r), where
W is thewatts radiated. Combining this equation with equation (1),
we arrive at the following expression for the field at any distance
from the transmitter.



E= /M, 4mah o |- 88/Wah yolts per meter (2)
r Ar Ar?

Thus, if we assume perfect transmission and perfect reflection
from level ground, the field at the receiving location will vary
directly as the height of the transmitting antenna, directly as the
height of the receiving antenna, directly as the square root of the
power, inversely as the wavelength, and inversely as the square of
the distance from the transmitter. 1fwe double the heightof either
the receiving antenna or transmitting antenna, we double the re-
ceived field. If we increase the transmitter power br four, we
double the strength of the signal at the receiver. Theoretically,
if we go to a higher frequency, the field strength iuncreases. On
the other hand, a receiver located at four miles from the transmit—
ter would receive only ore-quarter the field strength of a receiver
located two miles from the transmitter.

In the practical case, a number of factors influence the ac-
curacy of formula (2). Although the reflection from the ground is
not perfect, the efficiency of reflection is quite high (if this
were not so, a greater field strength would be delivered at the re-
ceiver than formula (2) indicates). Scattering and absorptiop in
the open country tends to reduce the magnitude of the direct wave.
This is particularly true if the direct wave must pass through any
obstruction such as a building, some trees, or over the brow of a
hill. For this reason, practical values of field strength often
approach the value indicated by formula (2), but seldom exceed
it. In general, observed values of field strength lie bztween 30%
and 60% of the values indicated in formula (2). Variations do occur,
however, between 10% and 100% of the values indicated in this for-
mula. The chief reason for such variation is the great difference
in quality of locations, such as; the height of the receiving po-
sition (depending upon whether it lies on & hill or in a valley),
and the flatness of the ground and the number of obstructions that
lie between the transmitter and receiver.

On the higher frequencies, the attemuation of the ground and
intervening objects is markedly more than at the lower frequencies.
Consequently, although formula (2) indicates that ahigher frequency
will yield a greater field at the receiver, this may or may not be
true, depending upon the elevation of the transmitter and the open-
ness of the country between the transmitter and the receiver. One
survey indicated that 30 megacycles was considerably superior to
100 megacycles when the transmitting site was somewhat obstructed.
In a %ater survey with the transmitter located at the top of the
Empire State Building, a transmitter frequency of 120 megacycles
gave an average fie%d of 13% higher than the field from a trans—
mitter operating at 81 megacycles. The actual magnitude of the dif-
ference is not very important. The significant fact is that the
higher frequencies; that is, the higher channels of the television
band are not as reliable and do not give as uniform a coverage as
the low frequency channels.

Since elevation of the antennas above alevel ground is an im-
portant factor in formula (2), it is interesting to plot a cross-
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section of a city in various directions to see how closely the as-
sumption of level ground is justified. As an example, Kansas City
has an average terrain with many rolling hills, but no real large
ones. It can be seen from Fig. 2 that a great deal of variation of
field strength may be expected from the nominal value calculated by
formula (2), even if absorption in the obstructing buildings and
trees is neglected. Although none of the hills shown in this figure
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Fig.2 Elevation profile of Kansas City.

completely obstruct the line of sight between the transmitter and
receiver, nevertheless, it can be seen that the difference between
the direct path and the ground reflection path does not follow
the simple relation of formula (1), and variations on the order of
10 to 1 may be expected for individual locations.

The inverse square lawof formula (2) is applicable for all dis-
tances within the line of sight. The line of sight between the
transmitter and receiver is limited to the optical horizon. The
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optical horizon is the distance AB of Fig. 3, and it is the max-
imum distance that an observer could see if he were standingat the
exact location of the transmitting antenna. This distance isgiven
by formula (3) below.

D = I-QZ/H— (3)

where: D is the distance in miles, and H is the height of the an-
tenna in feet. If the receiving locaticn isonthe crest of ahill,
or a sufficiently tall antenna structure can be erected, then the
line of sight distance between the transmitter and receiver can be
increased somewhat as shown by distance AC of Fig. 3. Imthis case,
the distance to the optical horizon is calculated for both the trans-
mitter and receiver by using formula (3) and the two distances are

Fig.3 The optical horizon.

added together. A receiver located at point D also receives some
signal, due to the diffractionof the wave in passing over the sur-
face of the earth at point B. The traveling wave, after passing
point B, is scattered and tends to fill the area XBD so that a re-
ceiver located at point D would receive some signal. This diffrac-
tion effect is more prominent on the low frequencies than on the
high frequencies.

Buildings and other obstructions, as well as the curvature of
the earth, do not cast an appreciable shadow for frequencieson the
order of 1 to 20 megacycles, but at 100 megacycles, the shadowing
effect is very much greater, while at frequencies corresponding to
light, very little diffraction takes place and sharp shadows are
cast by small objects.

For locations beyond the optical horizen, the field varies as
the inverse 3.6 power, instead of the inverse square if the trans-
mitter frequency is 41 megacycles. This means that the signal is
attenuated much faster beyond the optical horizon than up to it.
For frequencies around 92 megacycles, the signal strength falls off
as the inverse fifth power beyond the horizon. Thus, the chances
of receiving atelevision picture beyond the horizon are much greater
for the case of a 40 megacycle transmitter than for a 10U megacycle
transmitter. A comparison between the two is shown in Fig. 4.

Ordinarily, transmitters are designed to give a usable signal
at the optical horizon. To produce ausable field beyond this point
would require an amount of power out of proportion to the increased
service area. If the service area isquite small, andagood trans-
mitting location is available, there may not be sufficient popula-
tion to warrant generating a usable signal at the horizon, and the
amount of power in that case would be determined by the area which
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Fig.4 The effect of transmitter frequency upon field strength.

is considered the prime service area. Anexample of this was given
in the preceding lesson, and the student should reviewat this time
Section 2, Lesson 5§, Unit 7.

2. HORIZONTAL VS. VERTICAL POLARIZATION. By "polarization of
a wave" is meant the direction of the electrostatic lines of force
in the field about an antenna. Thus, if an antenna is lying in the
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horizontal plane and electrostatic lines of force exist between op-
posite ends of the wire, the lines of force also lie in the hori-
zontal plane, and the waves are said to be horizontally polarized.
The converse is true for vertical polarization. At broadcast fre-
quencies, the polarization isnot particularly important, since the
average receiving antenna contains both a horizontal portion and a
vertical down lead, so that the wire will pick up either horizontal
or vertical polarization. Furthermore, reflections from the sky
cause the wave to arrive at the receiver with random polarization.
This 3is not the case for ultra-high frequency transmission, Re-
ceivers operated at ultra-high frequencies use an antemna which is
small, and the lead-in is either carefully shielded, orarranged in
such away that it picks up aminimum amount of energy. Furthermore,
there is less scattering and less rotation of the plane of polar-
ization at television frequencies than at broadcast frequencies.
For this reason, it is necessary to have the receiving antenna ly-
ing in the same plane at the transmitting antenna, barring any un-
usual circumstances of reflection.

Since the transmitting and receiving antenna must have the same
plane of polarization, it is necessary that the transmitter polar-
ization be standardized in order that a receiver may pick up more
than one transmitter. The optimum polarization has beer a strongly
debated question. Witness of this is the fact that England and
certain European countries have decided that vertical palarization
is superior, while in the United States, horizontal polarization is
the accepted standard. Besideshorizontal and vertical polarization,
circular polarization is also possible. Circular polarization is
generated by feeding both a horizontal and a vertical antenna 90
degrees out of phase in such a way as to produce awave whose plane
of polarization rotates in the same way that the poles of amagnetic
field rotate in a two-phase motor.*

The choice between horizontal, vertical, or circular polari-
zation is influenced by four factors: First, is the relative field
strength that may be produced by & simple antenna servinga typical
metropolitan area. Second, isthe signal-to-noise ratio created by
either type of polarization, based upon equal fields. Third, is
the indirect path propagation efficiency, which should be low com—
pared to the direct path propagation for maximum signal quality.
Fourth, is the ability of the wave to fill in the area behind an
obstruction, and thus create the minimum amount of shadow. Of these
four, the second and third considerations are by far the most im-
portant.

Before entering into a discussion of the comparative merits of
horizontal, vertica%, and circular polarization, it should be re-
alized that any pickup in the receiver itself, or in the down lead,
will nullify the effectiveness of the choice, since the random po-
larization of these components will pick up external noise, regard-
less of its polarization, or will pick up signals whose polarization
has been changed due to reflection from some building or object.
When the direct signal is reflected from en obstruction, it is not

1 Refer to Lesson 8A, Unit 3.



always reflected with the same polarization as the incident wave.
Thus, we find that on the average, a horizontally polarized trans-
mission will be received with an average vertical component, or from
25% to 30% of thehorizontal field strength. Likewise, avertically
polarized transmission is generally received with a horizontal com—
ponent on the order of 20% of the vertical field strength.

Tests have shown that horizontally polarized waves are, in
general, received about 20% stronger than vertically polarized waves
throughout the television band. This is not a significant differ-
ence, especially when the difference in the complexity of the trans-
mitting antenna is considered. In the next section we shall learn
that in order to obtain uniform coverage inall directions from the
antenna, a more complicated antenna system is required in the case
of horizontal polarization than for the case of vertical polariza-
tionn

Although the subject has not been thoroughly investigated, at
the present there appears to be an adventage in horizontal polar-
ization over vertical polarization with respect to signal-to-noise
ratio. Ignition interference and other sources of extraneous noise
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Fig.5 \Undesirable multiple path propagation.

of the same general character are polarized chiefly in the vertical
plane. For this reason, horizontal polarization of the television
wave allows the receiving antenna to be polarized horizontally in
order to discriminate against interference.

When a direct line of sight is available between the transmit—
ter and the receiver, the direct wave between these two points is
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quite strong. Inaddition to this wave, however, there are numerous
other paths that the signa,l may take. The reflection coefficient
of stone masonry is quite high, and the signal may be reflected from
numerous buildings and other objects and arrive at the receiver in
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phase or out of phase with the direct path wave. Thisisillustra-
ted in Fig. 5. The indirect path may be TBR or TAR, or numerous
others. Whether the indirect signals arrive in phase or out of phase
with the direct signal depends not only upon the relative lengths
of the transmission paths, but also upon the frequency of the trans-
mitter. Since the television transmitter coversawide band of fre-
quencies, it generally happens that the direct path and indirect
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path add up for some of the sideband frequencies and cancel for
others. The wideband response of a typical eantenna installation
at a residence fourteen miles from the transmitter isshown in Fig.
6. Notice that the variations are highly irregular, indicating se-
veral transmission paths. The transmission for the case of hori-
zontal polarization is more uniform than the transmissior for the
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case of vertical polarization at this particular installation. Even
in the open field, perfectly free from obvious obstruction, consid-
erable variations over the band take place as shown in Fig. 7. In
this case, as in the previous one, horizontal polarization is super-
ior to vertical polarization. In extremely poor locations, such as
illustrated by the field strength graph of Fig. 8, neither horizon-
tal or vertical polarization will furnish fields sufficiently free
from extraneous signals to be usable.
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Suppose that in Fig. 8 the carrier is to be located at 81 meg-
acycles, then the upper sideband contains amplitude variations ex-
ceeding 4 to 1. If a television picture is to be received from a
transmitter supplying this much variation in field strength, the
picture will be tremendously distorted, since after detection, these
sideband frequencies become the video frequencies constituting the
picture signal. Fig. 9 is reproduced from Lesson 1, Unit 6, to show
the effect of multiple path propagation upon the received picture.

Fig.9 Effect of multiple
path propagation upon the
received picture.

It has been found that in most locations the indirect path propa~—
gation efficiency isbetter for vertical polarization than for hori-
zontal polarization. Comsequently, the indirect interfering sig-
nals are from 50% to 60% stronger for the case of vertical polar—
ization than for horizontal polarization. It has also been found
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that the indirect interfering signals are from 1U% to 2U% stronger
at 14U megacycles than at 80 megacycles.

The phenomena of diffraction is enhanced when the polarization
is in the same plane as the edge of the object around which the sig-
nal must pass. Therefore, if tall buildings intervene between the
transmitter and the receiver, diffraction takes place aver the tops
of the buildings in the case of horizontal polarization, and around
the sides of the buildings in the case of vertical palarization.
From this standpoint, there seems to be little choice between the
two. However, in the case of intervening hills, the advantage lies
with horizontal polarization inthat it tends to fill inthe valleys
slightly better than does vertical polarization.

Although there is some disagreement between different investi-
gators, horizontal polarization has become the accepted standard,
because of its superiority in the four points just outlined.

3. ANTENNA DIRECTIVITY AND GAIN. Whenever possible, television
antennas are so designed that they concentrate their energy inuse-
ful directions. Such design, however, must be carried hand in hand
with the design of the wideband characteristicsof the antenna sys-
tem. Any directivity which is achieved at the expense of the an-
tenna bandwidth is undesirable.

At present, antenna directivity is solely for the purpose of
concentrating the energy toward the main service area, since this
realizes a higher field strength at the receiver “oragiven amount
of power at the transmitter. As television stations become more
numerous, a different type of directivity may eventually be re-
quired. Specifically, it may some day be necessary to give protec—
tion to areas served by other transmitters operating om the same
frequency in the manner which is being dene by standard broadcast
stations at present.

D Y
4 A B
<«— 1 Mile—
- 10 Miles

Fig.10 vertical angle of radiation.

We shall first consider the problem of vertical directivity.
In Fig. 10 is illustrated a transmitter whose antenna is located
at the top of a tall tower; and two receivers, one at A, a dis-
tance of one mile, and one at B, a distanmce of ten miles. It is
not possible to draw the vertical and horizontal dimensioms of this
figure to the same scale, as the building would be too small to be
vigsible on the figure. Suppose that the tower is a tall one on
8 slight knoll so that the elevation of the antenna isapproximately
700 feet above average level ground. It is obvious from this il-
lustration that any radiation in the direction of X, parallel to
the earth's surface serves no useful purpose, since it is mot pos-
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sible to elevate the receiving antenna to a height of 700 feet.
Any transmission at elevations greater than X, say inthe direction
of Y would also have no useful purpose.

Even though radiation parallel to the earth's surface serves
no useful purpose, oddly enough, television antennas must be de-
signed to concentrate their emergy in this direction. In Fig. 10,
the receiving station at B located ten miles from the transmitter,
receives its radiation from the transmitter at an angle B, which
is three~quarters of a degree below the line parallel tothe earth's
surface. It is not practical to build an array which can discrim-
inate between directions only three- quarters of a degree apart.
Therefore, since maximum radiation isdesigned to follow the direc-
tion OX, maximum radiation will also occur along the line OB, A
receiver located near the transmitter, such as A which is one mile
distant, would receive radiation at an angle of 7% degrees below
the line OX parallel to the earth's surface. Even a directivity of
Tz degrees is not gemerally practicable in antennas designed for
television. Stations closer tothe transmitter than one mile would
be in a region of such extremely high field strength that antenna
directivity discriminating against reception in this region would
not prevent these receivers frombeing served witha perfectly usable
signal.

Consequently, television antennas should be designed to sup-
press as much as possible all high-angle radiation and to concen-
trate all of the energy in the form of a thin layer parallel to the
surface of the earth. This desirable directivity is difficult to
achieve in any type of high frequency service, but it is doubly so
in the case of television, since the designof the directive proper—
ties must go hand in hend with a consideration of the bandwidth.
Generally speaking, a complicated array is apt to have less band-
width than a single dipole unless these two problems are coordin-
ated in the design of the antenna system.

Horizontal directivity is less important then vertical direc-
tivity, In the usual case, the television transmitter is located
in a tall building which, naturally, is in the center of the town,
and therefore, often in the center of the populated area. In this
case, no horizontal directivity would be desired and the antenna
would be arranged to deliver a circular radiation pattern. If ver—
tical polarization had been used, this would have been accomplished
automatically. Since it is necessary touse horizontally polarized
antennas, a circular pattern can be achieved by crossing two dipoles
(half-wave antennas) and feeding them 90 degrees out of phase to
produce a rotating field which ishorizontally polarized. This ar—
rangement is known as a single section "turnstile” antenna. The
simplest way of feeding these antennas is to make the transmission
line to oneof them a quarter-wave longer than the line which feeds
the other. If more than two antennas are used or if they are not
crossed at their centers, it may be necessary to feed them with
other phase relations. However, it is generally possible to produce
a poly-phase rotating field with any number of symmetrically-dis-
posed half-wave antennas.
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The principle of producing a uniform field from a number of
half-wave antennas is so important that it will now be discussed
in detail. It isa familiar fact that a half-wave antenna produces
a figure eight pattern in the plane of the antenna, as shown in
Fig. 114, %t first, one would think that it would be possible to
secure general coverage by placing two such antennes at right angles
to each other and feeding them in parallel. Such is not the case.

Sw

() 7% (8)

Ne

(0) s R )

Fig.11 *"Figure eight" pattern from two dipoles.

In Fig. 11B is shown the instantaneous fields from two antennas
arrenged in this manner. The polarities of the fields are indi-
cated by the plus and minus marks upon the antenna wires. Of course,
the radiation off the ends of either wire is zero; therefore, in
the north, south, east, and west directions, one dipole or the other
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Eroduces itsmaximum field and actsasif the other were not present.
n the northeast and southwest directions, the fields from the two
antennas add up, but in the northwest and southeast directions, the
fields from the two antennas cancel. For example, assume any point
in the southeast direction. It will lie equidistant from correspond-
ing parts of dipole A and dipole B. Since at any instant the polar—
ities of these two dipoles are opposite with respect to the assumed

N
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Fig.12 Turnstile con-
nection produces a rota-
ting field.

aN
U

point, the field from one antenna will cancel the field from the
other. The all-around result of these two super-imposed fields is
shown in Fig. 11C, and it isseen that the field produced by two an-
temnas is still a figure eight. If the leadsto ome of the antennas
bad been reversed so as to change the phase of one antenna by 180
degrees, the pattern of Fig. 11D would have resulted, which is ap-
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parently still a figure eight, but having the lobes in opposite di-
rections.

When the crossed dipoles are fed with equal currents which are
90 degrees out of phase, asshown by the sine wave currents of Fig.
12, the figure eight pattern illustrated in Figs. 114, 11C, and
11D will rotate at radio frequency speed so that all directions will
be served with a uniform field strength. This can be uncerstood by
following through, in Fig. 12, the various instances throughout the
radio frequency cycle and summing up the fields of the two antennas
in 'all directions at each instant. At time T: the current in an-
tenna 1 is positive and the current in antenna 2 is zero, resulting
in a figure eight field in the direction indicated. A fraction of
a cycle later (45 degrees later at time T2) the currents are equal
in the two antennas, but are somewhat smaller inmagnitude than the
current in antenna 1 at time Ti. The two fields add up to produce
the figure eight pattern which is rotated in a clockwise direction
from the field at time T:. Theproduction of this field is the same
as the production of the field in Fig. 11. At time T3, the current
in antenna 1 has dropped to zero, but the current in antenna 2 has
risen to a maximum, resulting in the figure eight in the direction
as shown. At time Ty, the current in antenna 1 has changed direc-
tion, rotating the resuitant field still furtherina clockwise di-
rection. Additional instances are shown until time Ts, when the
rotating field has almost completed a cycle of 360 degrees.

Fig.13 Horizontal radia-
tion pattern of turnstile
antenna.

Actually, the field produced by the antenna isof constent mag-
nitude at all instants of time, although its direction rotates at
radio frequencies. However, to an observer in any direction, the
effect is the same as if the antenna was producing an alternating
field at radio frequency. Furthermore, the effect is the same for
any direction about the antenna, orwe can say that the antanna pro-
duces a circular pattern (gemeral coverage) as shown in Fig. 13.
One method of producing the 9U-degree phase difference beiween the
two antennas is shown in Fig. 14, and consists of feeding the two
antennas through two terminated lines, one of whichiselectrically
90 de%rees longer than the other.

t present, genmeral coversge antennas are used almost exclu-
sively. However, simple forms of horizontally directive anternas
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Fig.14 Turnstile connection of two dipoles.

are quite practical. For instance, if a transmitter is tobe locat-
ed between two towns which are close together, a simple horizontal
antenna would give the figure eight pattern required to cover both
towns. If the transmitter is to be located on the outskirts of a
town or at the seashore where radiation in one particular direction
would have no value, it can be suppressed by the use of a simple
reflector of the parasitic type to give the cardiod radiation pat-
tern shown in Fig. 15. In general, this type of array results in

Parasitic
Ant. Reflector

Ale— ir —=

Population

To
Transmitter

Fig.15 Horizontal directivity with simple parasitic reflector.
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a restricted bandwidth, and for this reason is seldom used.

In discussing the problem of securingacircular radiation pat-
tern for general coverage, or of securing a directional pattern for
special cases, simple half-wave antennas were assumed; however, in
practice this is not necessarily the case. As was pointed out at
the beginning of this section, the narrowest possible directivity
in the vertical plane is desirable; therefore, it should be realized
that each of the crossed dipoles mentioned in the last paragraph may
actually be a whole array of dipoles arranged to suppress vertical
radiation. Inthis case, two similar arrays may be used, one mount-
ed above the other, placed mutually at right angles, and arranged
so that the arrays are fed with equal currents and a phase difference
of 90 degrees. In simpler arrays, it is the usual practice to sup-
plement each element of the array witha similar element placed at
8 90-degree angle to the first and fed with a current displaced by
90 degrees as shown in Fig. 16.

A
P
2 A Line
Line to ® L
Transmitter ~ Transposed
A 7 .
4N X ;
A e
o ine to
Q8 éTransmitter
tALine
«

f‘F'ilg'ie Method of connecting four dipoles to produce a circular
e .

The specific nature of the array for suppressing vertical ra-
diation will now be considered. Since television antennas must be
kept fairly simple in order to facilitate the design of wideband
characteristics, there are but two fundamental principles employed
to secure vertical directivity. These mey be used one et a time,
or both together. One of these has already been shown in Fig. 16;
the other general type is shown in Fig. 17, and consists of a two
section "turnstile". These two systems are shown in simplified form
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in Fig. 18A and 18B respectively. When the two antennas are mounted
in a plane parallel tothe earth's surface, and fed 180 degrees out
of phase, the radiation from the two antennas cancel in a vertical
direction, since the earth immediately below the antenna (or the sky
immediately above the antenna) is equidistant from the two elements
which are carrying out of phase currents. Along the line parallel
to the earth's surface, the radiation from the two antennas add up,
because the field from antenna No. 1 requires 180 degrees longer to
arrive at point X than does the field from antenna No, 2. Since the
fields were originally started out of phase, they arrive at point
X in phase. The result is the familiar figure eight pattern in the

vertical plane.
N/
é'\

Open Wire
Lines

-5

8

g.17 Two-section turn-
e.

The same result occurs when two antennas are mounted one above
the other and fed in phase. In this case, the fields from the two
antennas add up in the direction X, but cancel in avertical direc-
tion since the fields from the two antennas are out of phase at any
point directly above or directly below the array, due to the half-
wave spacing of the elements. The vertical patterns developed in
Fig. 18 a.pp%y for the slightly more complicated structures of Figs.
16 and 17 which were arranged to give uniform coverage inall hori-
zontal directions.,

4. BANDWIDTH REQUIREMENTS. An ideal television transmitting
antenna would radiate a constant field at any frequency throughout
the television channel. It would also present a constant load im—
pedance to the antenna feeder over the entire channel., The last of
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these two characteristics is the most important; and if this con-
dition is fulfilled, then the "flatness" of the antenna character-
istic with respect to radiation of various frequencies will be sat-
isfactory. Even if the radiationofall frequencies is not exactly
the same, it can be compensated within limits by correcting circuits
at video frequencies in the transmitter itself. Therefore, insuf-
ficient bandwidth of the radiation characteristic is mnot very im-
portant compared to the protlem of maintaining a flat input imped-
ance characteristic.

PA
Fig.18 Basic methods of - 0
producing vertical direc- Iy = 1, <180
tivity. ()

If the antenna is not properly matched to the transmission
line, part of the energy traveling up the transmission line will be
reflected from the antenna and will travel down the line in the op-
posite direction. Upon reaching the transmitter, it is reflected
a second time and returned to the antemna. At this poimt, part of
the energy will be radiated by the antenna and the remainder will
be reflected again to the transmitter and back to the antemna. Thus,
for each impulse generated at the transmitter, a series of impulses
of decreasing magnitude will be radiated by the antenna. The effect
at the receiver is to cause multiple images.

Let us take a typical case and examine the magnitude of this
effect. Assume that atransmitter operating on a frequency of 51.%5
megacycles feeds a television antenna through a transmission line
which is 250 feet long. Assume that the antenna presentsa load of
90 ohms toa 70 ohm transmission line. In this particular case, 78%
of theenerzv would be radiated by the antenna and the remaining 22%
would be returned to the transmitter. The wave returning to the
transmitter would encounter almost perfect reflection at the trans-
mitter since the tank circuits are sharply tuned and consist of pure
reactive elements, The tube itself presents a negative resistance
to the tank circuit. Upon the return to the antemna, 78% of the
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reflected wave would be radiated some time after the initial radia-
tion had occurred. Asignal strength comparison between the initial
wave and the reflected wave, would be given as follows:

Generated Signal = 100% io: 2nd Sigmal - 17 .
1st Radiated Signal = 78% Ratio: 4 Sivnal 78~ 22

2nd Radiated Signal 22% of 78% = 17%

Thus, it is seen that the antenna behaves as though two im~
pulses instead of one were fed to it, the second impulse being 22%
as strong as the first. Successive reflections would each be 22%
of the preceding one, or inother words, the third reflection (fourth
radiated signa.%) would be approximately 1% of the original signal,
and thus indistinguishable at the receiver.

The distance between the transmitter and the receiver is great-
er for the case of the reflected wave than for the initial wave,
because it must travel anadditional path down the transmission line
and back again, a distance of H00 feet. If we assume avelocity of
propagation equal to .97 that of light, we find that the second im-
pulse radiated by the antenna is delayed from the first by slightly
over half a microsecond.

=L=500'xl3048(ﬂ1tr/ftv)= Y. x e
t 7 T 300,00%’%00 «h25 x 10™° sec.

On the face of a 12-inch cathode ray tube at the receiver, a series
of images would be formed of decreasing intensity and spaced some-
what over a sixteenthofan inch apart. Assume a 73" x 10" picture
with 10% blanking time.

Time to scan 10" line = 13:23 second = 68 microseconds.

Displacement of multiple images = 10" x '%285 = ,077 inch.
077" = approx. /64 inch.

When the antenna does not have a constant input impedance over
the television channel, it can generally be arranged to match the
transmisgion line at the carrier frequency, but all of the sideband

(8) (8) =

Fig.19 sSimulating a constant-resistance network with a simple
antenna.
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frequencies will be mis-matched in varying degrees. When this con-
dition exists, amultiple image is still formed at the receiver, but
since the sideband frequencies suffer more reflection than the car-
rier frequency, the multiple images would have an absence of low
video frequency componerits. Thus, the multiple images would lack
contrast and have, in general, a very ghostly appearance compared to
the main picture signal. Television antennas should have an input
impedance which should vary preferablymnot more than 5%, and at most
not more than 1U%, plus orminus, over the television channel. Sev-
eral methods of obtaining this desirably flat characteristic will
now be considered.
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Fig. 20 Effect of radiator shaoe upon bandwidth.

The student has already learned that a network of the form
shown in Fig, 19A exhibits a constant and pure resistance at all fre-
quencies. if the center of the network is grounded, it can be ar-
ranged as shown in Fig. 19B. At one particular frequency, this net-
work could be simulated by a short anteuna fed with an extended
transmission line as shown in Fig. 19C. An antenna shorter than a
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quarter-wavelength behaves as a capacity which is loaded with ra-
diation resistance. Thus the antenna c of Fig. 19C simulates the
resistance-loaded capacity of Fig. 19B. Since the outside portion
of the transmission line is not grounded at its end, current must
flow along the outside of the outer conductor back to ground. The
line is chosen so that the path to ground is less than a quarter-
wavelength, and in this case the outer surface of the transmission
line presents an inductive reactance to the termination Z. The cur-
rent flowing on the outside of this transmission line causes some
radiation, and therefore, the inductive transmission line is loaded
with radiation resistance, fulfilling the conditions set up under
Fig. 19B. If the antenna and transmission line of Fig. 19C behave as
pure capacity and inductance, the system will reflect a constant
resistance to the terminus of the transmission line. However, both
of these elements have distributed inductance and capacity; and
therefore, the effective capacity (in the case of the antenna) and the
effective inductance (in the case of the short transmission line) are
not constant over a wide band of frequencies, due to the fact that
at different frequencies, these elementsare different fractions of
a quarter-wavelength. There is, however, a way of making these ele-
ments approximate pure capacitance and pure inductence.

LT

o 0o
oap

Fig.21 oOptimum mechanical proportions for a wideband radiator.

The ratio of distributed capacity to distributed inductance
along an antenna, or along a section of transmission line, varies
with the diameter of the line. Thus, by altering the proportions
of the line, it is possible to offset the change in electrical length
over the television band by an equal and opposite effect of the
varying ratio of capacity to inductance which the current distri-
bution encounters. The effect of varying the shape of the antenna
elements is shown in Fig. 20, and Fig. 2% shows the optimum cross—
section of a quarter-wave element fed by a 110-ohm concentric line.
A view of the RCA installation at the Empire State Building employ-
ing the principles just outlined is shown inFig. 22, while the wide-
band characteristic of the antenna is shown in Fig., 23. You will
notice that the bandwidth of this antenns exceeds by a considerable
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margin the best characteristic obtained under Fig. 20. The reason
for this is that the two pairs of antennas are fed 90 degrees out
of phase ina turnstile fashion. The effect of the turnstile feeder
connection upon the bandwidth will be discussed in following para-
graphs.

Fig.22 Empire State-NBC wideband turnstile.

The RCA installation in the Empire State Building is a splendid
piece .of engineering. However, the antenna itself is physically
complicated and difficult to fabricate. Furthermore, if many of
these complicated dipoles (pairs of "Indian Club" quarter-wave an-—
tennas) were used in an antenna array, the array would be expensive
to build and would have considerable bulk and wind resistance, making
it difficult to support atop a tall tower. For this reason, many
modern installations still use systems of ordinary dipoles arranged
to achieve broad band characteristics by one or more of the prin-
ciples which will now be outlined.
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Fig.23 Bandwidth of Empire State antenna system.

One of the simplest methods of increasing the bandwidth of
the antenns is to increase the diameters of the conductors used in
the construction of the antenna. The larger the diameter of the
antenna conductor, the smaller is the reactance or impedance change
over the television band. This method is limited in its ability to
flatten the impedance of the antenna system and a point is soon
reached where an increase in conductor size isnot justified by the
small increase in bandwidth that is obtained. As the conductor
diameters become appreciable fractions of a wavelength, %t becomes
- difficult to arrange a connection from the antenna to the feeder.
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To preserve uniform current distribution around the antenna conduc-
tor when it is of large diameter, the end of the conductor should
be tapered to a point and a feeder attached to this point. Large
diameter conductors have considerable weight and wind resistance so
that the mechanical support is difficult to arrange. However, it
is possible to use a cage system of wires to simulate, to a close
degree, the performance of a large diameter conductor.
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Fig.24 Effect of conductor diameter upon bandwidth.

A comparison of bandwidths for antennas of #" diameter and 24"
diameter, each operating at a frequency of 51.25 megacycles, is
shown in Fig. 24. Conductors having a diameter of 24" are easy to
support and even slightly larger omes are quite practical. For
example, the General Electric antenna, located in the Helderberg
mountains outside of Albany, New York, consists of eight dipoles,
each about seven feet long and about 4" in diameter. %‘he elements
of this antenna will have a "flatter" input impedance than the best
cgrve of Pig. 24. A picture of this installation is shown in Fig.
25.

Another way to increase the bandwidth of an antenna system is
to apply correction circuits across the transmission line close to
the antenna, but between the antenna and the transmitter. Funda-
mentally, an antenna is nothing more than an extended transmission
line which is loaded by radiation resistance. Over one television
band this is approximated to a fairly close degree by a series reso-
nant circuit of low Q as shown in Fig., 26. At resonance, such a
cireuit is a pure resistance, but on either side of resonance, the
circuit also presents a reactive component which is capacitive on
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Fig.zs General Electric wideband antenna at Albany N.Y. (Photo,
courtesy General Electric Co.)

the low frequency side, and inductive on the high frequency side.
A parallel resonant circuit exhibits an opposite reactance. On the
high frequency side of resonance, a parallel circuit is capacitive
and on the low frequency side of resonance, it is inductive. Thus,

Fig.26 fquivalentcircuit
of a simple antenna.

by combining the two as shown in Fig. 27, it is possible to make
the reactance change of the parallel cjrcuit partially neutralize
the reactance change of the series circuit. At resonance, the par-
allel circuit hasapure and very high resistance and thus does not
influence the performance of the series resomant circuit.
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The application of this principle is to place a high Q, par-
allel resonant circuit of low characteristic impedance across the
terminals of each dipole in the antenna system. Such a tank cir-
cuit could be formed by the use of the Kolster "hat" studied in
Lesson 4 of this unit. Although such a circuit would cancel the
reactance variation of the antenna, the resultant resistance vari-
ation over the television band would still be very high; in fact,
worse than before the tank circuit was added. However, by some

Fig.27 Compensating net-
work plus simple antenna.
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refinements of this general principle, it is possible to secure an
antenna system with very small impedance variations over the tele-
vision band,

The curves of resistance and reactance, from which the impedance
curves of Fig. 24 were plotted, are shown in Fig. 28, Resonance of
the antenna occurs when the reactance is zero., Thus, it is seen
that the larger the diameter of the conductor, the shorter it will
be to produce resonance. Given a diameter of conductor and frequen-
cy of operation, it is possible to predict the resonant length of
the antenna by applying Fig. 28, when the effect of surrounding ob-
jects is neglected. Cancelling the reactance of the antenna system
by applying an additional pa.ral%el tank as discussed in the preceding
paragraph causes the effective resistance of the antenna to rise.
However, the radiation resistance of the antenna falls off somewhat
below resonance, Consequently, on the low frequency side of reso-
nance, the resistance rise due to the effect of the parallel tank
circuit isoffset by the decrease in radiation resistance. Provided
the proper diameter of antenna elements is chosen, the result will
be anearly constant and pure resistance over one television channel,

In practice, the corrective circuits are not placed directly
at the dipole, but are placed across the transmission line near the
antenna. Ifthe tank circuit isplaced across the line, a half-wave
behind the antenna, it will behave almost as if it were placed di-
rectly across the antenna.

The student has learned in the preceding lesson that a half-
wave section of line reflects an impedance to its input terminals
equal to the impedance placed across the output terminals. In the
case of a wideband antenns system, the reflected impedance at the
end of a half-wave section of line does not follow this simple rule
inasmuch as a line is not an exact half-wave lengthat.all frequen-
cies over the television channel. However, the practical difference
is not a disadvantage. The tank circuit placed across the line need
not be limited to a simple formof tank circuit and is, in general,
formed by the use of two sections of transmission line, one of which
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Fig.28 Self-impesdance of half-wave radiator.

is tuned to a frequency above the television chamnel, and the other
tuned to a frequency below the television channel. Thus, one of
the lines will be inductive and the other capacitive, and the two
together will simulate a peculiar type of parallel tuned circuit.
The advantage of such a complicated circuit is the extreme flexi-
bility of reactance characteristics that can be achieved.
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In the case of a simple tuned circuit, the general shape of
the characteristic follows a universal resonant curve as shown in
Figz. 29A. In the case of the-network just described, the circuit
not only has aparallel resonant frequency, but two series resonant
frequencies; one either side of the parallel resonant point. The dif-
ference between the two series resomant points can be altered by
varying the lengths of the transmission lines, while the ratio of
the slope on the low frequency side and on the high frequency
side of resonance can be varied by altering the characteristic im-
pedances of the lines. A general idea of the type of characteris-
tics that can be formed in this mannmer is shown in Fig. 29B. This

(a)

Fig.29 Input impedance of
compensating network.

3

(8)

—f°+ —f°+ —f°+ —f°+
flexibility aids in the selection of anetwork which will best flat-
ten the input impedance of the antenna system when placed across the
transmission line. Not only can the choice of network be varied,
but the position of its placement along the transmission line can
be chosen for optimum flatness of input impedance. An application
is shown in Fig. $0.

The television antemnna of the Columbia Broadcasting Station
atop the Chrysler Building employs this general principle as dia-
grammed in Fig. 31. The use of correction circuits can be thought
of either as improving the input impedance characteristic of the
antenna system, oras causing a reflection onthe transmission line,
which is 180 degrees out of phase to the reflection caused by the
antenna itself. Whichever system of logic is employed, the action
is the same in reducing the detrimental effect of mis-matching the
feeder at the antenna.

A fourth way of reducing the impedance variationsof an antenna
system involves making use of the impedance inverting characteristics
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A
1y = less than ¢ A
Fig.30 Theapplication of 1= graater than A
transmission lines to wide-
band antennacorrection net-
works.
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of a quarter-wave section of transmission line. If an antenna hav-
ing the characteristics of Fig. 324 is inverted through a quarter-
wave section of transmission Iine, which matches the antenna imped-
ance at the carrier frequency, the input impedance to the quarter—
wave transmission line is given by the curve of 32B. Now, if an
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additional antenna, similar to the first, is connected across the
feeder to the first antenna, one-quarter wavelength awey from the
first, the combination will achieve a flat impedance characteristic
over the entire band. Thus, the combination shown in Fig. 33 will
exhibit a flat input impedance characteristic at point X.
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Antenna A has its impedance inverted at point X as explained
by Fig. 32. Not only is the impedance inverted by the following
familiar expression:
= _%o°

Zout
but the sign of the reactance is also inverted. Thus, an antenna
at A (Fig. 33) which exhibits a capacitive reactance on the low
frequency side of resonance will appear to point X as an inductive
reactance, due to the inverting characteristics of the transformer
T. This inductive reactance cancels the capacitive reactance of
- 106"

q Sy D 3" dia.

Zin
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Frequency in Mc. 33

Fig.32 |[mpedance inverting properties of antenna matching quarter-
wave line.
antenna C. The compensating effect of adding the reciprocal imped-
ances of the two antennas at point X is very high provided that the
mis-match of antenna A or antemnna C is not excessive. Thus, if a
10% reflection is caused by antenna A and a 10% reflection is caused
by antenna C, the resultant input impedance will be so flat as to
cause a reflection of only 1%. However, if the antennas themselves
would cause reflections on the order of 50%, the compensation effect
of this type of comnection is only 2:1.
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Fortunately, the use of the quarter-wave connecting transformer
is highly desirable from another standpoint. Wehave already learned
that a quarter-wave transformer must be inserted between two anten-
nas to cause the 9U degree phase shift necessary to secureacircular
radiation field from two antennas. Thus, the antennas of Fig. 33
need only be rotated at right angles to each other to function in the
same manner as the antenna shown inFig. 14. Either Fig. 14 or Fig.
33 (altered as mentioned) is known as a single section turnstile.
It is the turnstile connection principle which accounis in a large.
measure for the extremely flat impedance characteristic of the NBC
antenna installation whose performance was shown in Fig. 23.

In considering the directive properties of antennas, it was men—
tioned that the designof the directivity of the system must be car—
ried hand in hand with considerations of bandwidth. The reason for
this is that when two ormore antennas are operated so that the space
between themis comparable with the operating wavelength, consider-
able mutual coupling exists between the antennas. Thus, each antenna
reflects an impedance, which has both a resistive and a reactive com—
ponent, into the other antennas. The behavior of antennas is somewhat
similar to the behavior of coupled coils (such as the primary and
secondary of an I.F. transformer in the receiver) in that changes
of loading and tuning in ome winding are reflected as an impedance
change in the other.

= A
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Fig.33 Combinationof two T2y +A
antennas and quarter -—wave
line having wideband charac-
teristics. X
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By varying the spacing between elements in an array, it ispos-
sible tomake the mutual resistance and mutual reactance oppose the
self-resistance and self-reactance of the elements and thus flatten
the input impedance of the array as a whole. For instance, ir the
case of two out~of-phase elements which are located close together,
the change of mutual impedance is such as to sharpen the input im—
pedance of either, or both together, and decrease the bandwidth. How-
ever, if the same elements are placed slightly over ahalf-wavelength
apart, the change of mitual impedance tends to nullify the change of
self-impedance and thus improve the bandwidth. The improvement that
can be achieved by this method isnot very great, but some improve-
ment is possible. On theother hand, if the arrayis designed with-
out regard to the effect of mutual impedance between the antenna ele-
ments, the effect is generally to decrease.the bandwidth.
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5. SOUND ANTENNAS. Since the sound channel is very narrow,
compared to the bandwidth of the television channel, mis-terminations
of the transmission line are unimportant, except insofar as they in-
crease the losses in the transmission line and decrease the power
handling capability of the line. Consequently, if the television
antenna is designed to have sufficient bandwidth to cover the picture
channel, the same antenna will be a satisfactory radiator for the
sound transmitter. :

The two transmitters cannot be simply hooked up to the same an-
tenna, since the power that would circulate between the two trans-
mitters would cause cross-modulation to occur between the sound and
the picture signals in the output stagesof the transmitter. If the
same antenna is to beused for both transmitters, it becomes neces-
sary to employ & special coupling or combining network which will
be discussed later in this lesson.

Fig.34 Televisionantenna
installation of CBS.

i

The use of & coupling network can be avoided by employing two
separate antenna systems, one for the sound transmitter and one for
the picture transmitter. Even then the antennas must be located
quite far apart, or be designed in suchaway that a minimum mutual
impedance exists between the two antennas. If this is not done, the
mutual coupling between the two antennas causes the power radiated
from one antenna system to be picked up by the other and propagated
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down the line to the output stage of the transmitter. If such is
the case, cross-modulation will occur and the received picture will
suffer from horizontal striations whose intensity varies with the
character and intensity of the sound modulation. On the other hand,
the sound quality at the receiver will suffer, due to a super-im-
posed, 6U-cycle note, withmany harmonics, which has been introduced
into the sound by cross-modulation of the vertical blanking and
synchronizing pulses of the picture transmitter.

If the reduction in mutual impedance between the two antenna
systems is to be achieved simply by locating the antennas at adis-
tance to each other, a great deal of space will be required, since
considerable mutual impedance exists even with & spacing of one
wavelength between antennas. Since at present most television an—
tennas are located at the top of high buildings, itisdifficult to
mount one antenna system above the other and maintain a great deal
of spacing between the sets of antennas. However, by employing
antennas which have directivity in the vertical plane, and which
radiate a minimum amount of energy straight up and straight down,
it is possible to reduce considerably the mutual coupling between
the sound and the picture antennas.

i
8
4

Fig.35 NBC television 7
sound antenna.
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The sound and picture antennas of the Columbia station in the
Chrysler Buildingare pictured in Fig. 34 and employs the principle
of Fig. 18B to eliminate radiation in the vertical direction. In
addition to this, the antennas themselves are a considerable dis-
tance apart as can be seen in Fig. 34. This figure is not an ac-
tual photograph, since at the time of this writing, the installation
of the antenna is not yet complete.

The top set of radiators which appear in the figure consti-
tute the sound array, while the lower set of radiators constitute
the picture array. Both the sound and the picture antenna consist
of two tiers of dipoles, a half-wave apart vertically. Since the
complementary dipoles are fed in phase, and since they are a half-
wave apart in the vertical direction, the field from ome dipole of
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the sound antenna arrives at the television antenna 180 degrees out
of phase with the field from the complementary sound dipole. There-
fore, any mutual coupling that exists between one of the sound di-
poles and the television antenna is cancelled out by an equal and
opposite mutual impedance existing between one of the other dipoles
of the sound antenna and the picture antenna. The same situation
exists with regard to any energy which might be transferred between
the picture antenna and the sound antenna,
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Fig.36 One of the fold-
ed dipoles of NBC sound an-
tenna.

Mutual coupling between the sound antenns and the picture an-
tenna can also be reduced in the case of turnstile antennas by con-
necting them so that the fields from the two antennas rotate in op-
posite directions. It was pointed out earlier in the lesson that
to secure a uniform field with horizontal dipoles, arotating field
could be produced by comnecting the crossed dipoles with a quarter—
wave section of transmission line in order to delay the field pro-
duced by one dipole. If the connections to one dipole are reversed,
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the dipole which produced the leading field inthe first case, pro-
duces the lagging field in the second case. The rotation of the
resultant field will occur in the opposite direction. The two fields
rotate at slightly different speeds, due to the difference in car-
rier frequency between the picture transmitter and the sound trans-
mitter. For this reason, some coupling still exists between the
two antenna systems.

Three other principles are available for reducing the coupling
between the sound antenna and picture antenna. Since all three of
these are incorporated in the NBC Empire State installation, they
will be discussed inconjunction with this particular installation.

The sound antenna is shown in circular form mounted above the
visual entenna in Fig. 35. If the sound antenna wasa perfect cir—
cle, carrying uniform current, it would be at right angles to the
turnstile antenna at all points, since the turnstile islined up in
such a wey as to form the diameters of the circular sound antenna.
Since the current in the sound antenna is at right angles to the
current in the picture antenna, no coupling would exist between the
two. Inpractice thisisapproximated by uging four folded dipoles,
arranged in a circle, for the sound antenna. The method of folding
the dipole and attaching the feeder is shown progressively inFigs.

36A, B, and C.
A
8
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Fig.37 Connections of NBC
circular sound antenna.

Input

When the dipole is folded in this manner, the radiation resis-
tance is lowered, due to the fact that radiations from part of the
antenna are cancelled by radiations from other partsof the antenna.
The lowered radiation resistance means a higher Q and, therefore,
a more sharply tuned antenna. In fact, the antenna takes on the
nature of a slightly loaded section of transmission lime. The in-
creased sharpness causes the antenna to be non-resonant over the
television picture band and for this reason, as well as for the pre-
vious one, very little coupling exists between the sound antenna
and the picture antenna.
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The four dipoles are arranged in circular form and comnected
to a single feeder as shown in Fig. 7. Opposite dipoles are con-
nected 1§U degrees out of phase and since they are ahalf-wave apart
in a horizontal direction, the radiation aion any horizontal line
adds up for the opposite dipoles. This connection, however, cancels
out the effect of any voltages produced between the picture antenna
and the sound antenna. The picture antenna induces equal voltages
in opposite dipoles, such as X and Y in Fig, 37, but the induced
voltages cancel at the connections of the feeder, A and B, since the
branch feeders to the individual dipoles are reversed at this point.
Thus on three points, namely, physical placement, sharpness of reso—
nance, and reversing of feeder connections, the circular sound an-
tenna reduces to a minimum the coupling to the picture turnstile
antenna.

of the line and the effect of the construction and application of
& line upon the performance characteristics of the antenna system
as a whole.

B tA —3=
T Ant. 3
A Balanced open
;vure Feeder
Fig.3B o0One use of open
wire transmission line.
Dual Concentric

; Line

Transmission lines used for television purposes are almost ex—
clusively of the concentric type. Balanced open wire lines of the
type shown in Fig. 38, are sometimes used, in short sections of ap-
proximately one-quarter wavelength, as matching transformers between
the main feeder and the antenna. They are occasionally used for
longer distances because of the ease of installation when the trans-
mission line is to be carried around corners, or where short, lengths

the line has to be carried up through buildings, or up the center
of a tower, irregularities in the construction of the building or
tower will tend to unbalance the line to ground, and will therefore
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cause stray radiation. Radiation from the transmission line affects
the quality of the picture in much the same way as mis-terminating
the line, since the path of the stray radiation to the receiver is
different than the path from the transmitting antenna.

The unavoidable irregularity in the proximity of the tower or
building acts to cause slight variations in the characteristic im-
pedance of the line. This tends to cause reflections at various
points along the transmission line. The detrimental effects of
reflections have already been considered.

Another disadvantage of open wire lines is the difficulty of
achieving a low value of characteristic impedance. Yon will be
shown later that it is desirable to have the transmission line match
the antenna load without the use of impedance-matching transformers.
Because of the present methods of feeding the antennas for tele-
vision, the impedance of the antenna system is generally lower than
the value which is easily obtainable by the use ofopen wire lines.

() (8) (c)

Fig.-39 Forms of concentric transmission lines.

Concentric transmission lines are used in three general forms
shown in Figs. 3YA, B, and C. Fig. 39A pictures the unbalanced or
ordinary coaxial transmission line. Fig. 39B shows how two of these
lines may be used to feed abalanced load, while Fig. 39C shows =
balanced type of concentric line.

The simple concentric line is the least expensive of the three
types. Since the antemna load is always balanced to ground, it is
difficult to arrange a feed system employing a single-ended trans—
mission line. Another disadvantage of this type of line is that it
is difficult to secure anabsolute ground at both ends. Unless this
is done, radio frequency currents will circulate on the outer shell
and produce radiations with detrimental effects upon the picture
quality.

There are two general methods for overcoming this latter dis-
advantage, which make it possible to feed balanced loads from this
type of transmission line. Either of these two methods antomatic-
ally aids in effecting a good ground for bcth ends of the trans-
mission line.
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The first of these two methods is the use of a half-wave sec-
tion of line as a phase inverter, shown in Fig. 40, In this case,
the line PO is made a half-wave long. Thus, the voltage delivered
to point 0 is 180 degrees out of phase with the voltage appearing
at point P. Furthermore, since ahalf-wave section of line reflects
an impedance equal to its termination, the two halves of the antenna
are effectively inparallel at point P, and equal power isdelivered
to both halves of the antenna. In other words, the voltage from
P to ground is the same as the voltage from 0 to ground. This is
the svsten employed iu the British Broadcasting Company's antenna
system which uses a large single feeder to the television antenna.
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Fig.40 Use of half-wave phase-inverting line.

The second method employed in couplinyg between a balanced load
and a single transmission line is the use of a balance converter,
as shown in Fig., 41. In this method, the last quarter-wave of the
transmission line is surrounded hy & concentric sleeve which is con—
nected to the transmission line at a point one—-quarter wavelength
from the end of the line, shown at point B. Thus, the outer con-
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ductor of the main transmission line is, in turn, the inner con-
ductor of the balance converter. The balance converter is essen-
tially a quarter-wave concentric line, short-circuited at one end
(point B). The student already knows that a quarter-wave line short—
ed at one end exhibits an extremely ligh impedance at the other.
Therefore, a high impedance exists at point % between the outer
conductorof the main transmission line and its surroundiung sleeve.
The sleeve is essentially at ground potential.

Fig.41 Balance converter. :I'

Since the outer conductor of the main feeder exhibits a high
impedance to ground, it may he connected to one-half of the dipole
in the same manner as the ceutral conductor is connected to the
other halfof the dipole. The mutual coupling which exists between
tlie two halves of the dipole, or antenna system, balances the volt-
ages to ground. An equal voltage to ground appears on the inner
and outer conductor of the main transmission line. On the other
hand, the main transmission line has its outer shell effectively
grounded at point B, because of the actionof the talance converter,
and from this point back to the transmitter, the transmission line
behaves in a normal single-ended fashion.

This system of feeding a balanced load froma single concentric
line isused in Midland's high frequency broadcast transmitter WY9XER
and also in the sound antenna installation for the NBC television
transmitter atop the Empire State Building.

The picture channel of this transmitter utilizes the double
barrel transmission line previously shown in Fig. 39B. This type
of transmission line isalso used by the Columbia Broadcasting Sys-
tem installation, and in fact by almost all of the present televi-
sion installations. The balance achieved by the use of two lines
does not possess the disadvantages of the open balanced type of
line. These are overcome because of the shielding afforded by the
outer conductor of the concentric type. In this case, the outer
shells are bonded togetherat frequent intervals, and particularly,
at both ends of the transmission line. They may either be bonded
to the tower, or building, or entirely insulated from it; but in
either case, they must be mechanically rigid. Thereisalways some
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slight unbalance, causing some current to flow on the outer shell.
If the shell currents are changed in any way, as would be the case
should the bonds make intermittent contact, or with the lines not
rigidly supported so that they would vibrate close to each other or
to the tower in a high wind, the slight radiation from the lines
would alter in character, causing changes in the received picture
quality. Furthermore, a variation in input impedance of the trans-
mission line would occur, and this change, although exceedingly
small, would further affect the picture quality by causing the an-
tenna to reflect a varying load to the transmitter. Of course,
these effects do not a.ctua.l%y occur in large transmitter installa-
tions, because the lines are large and rigid, and care is taken to
secure stability in their insta.l%a.tion.

The balanced and shielded type of line shown in Fig. 39C, is
at present, rather special, and used only in smaller apparatus such
as remote pick-ups or mobile transmitters. It has several advan-
tages over any of the other types already considered, in that it
is inherently balanced, and any unbalance occurring in the two lines
has a smaller effect upon the transmitter and upon the transmitted
picture quality. It has one slight disadvantage in that it is im-
practical to make the inner conductors special in shape, and when
round conductors are used, the distribution of current on these
conductors is not entirely uniform, and therefore, the efficiency
from this type of line is slightly lower than the type shown in
Fig. 38B. This however, should not be a very practical disadventage,
and it is to be anticipated that this type of line will become more
prevalent in the future, particularly in the smaller stations of
approximately 1 kilowatt power. These lines, as yet, are not com~
mercially available as a standard product, but can be made to order
at & very nominal charge.

The size of the transmission line is determined by the break-
down voltage of the line, the line loss, the power capability of
the line, and the ease of mechanical construction. The breakdown
voltage of a transmission line is rather erratic at the ultra~high
frequencies involved, and is determined by the spacingof the line,
and by the radius of curvature of the conductors. Thus, sharp points,
caused by crimping the inner conductor to hold the isolantite spacers
in place, reduce the radius of curvature, and materially lower the
breakdown potential of the line. Metal filings, or dirt, work in
a similar manner, and decrease the breskdown voltage tremendously.

The line lossis determined by the lengthof the conductor, the
size of transmigsion line involved, and the frequency of the trans-
mitter. Ingeneral, the conductors are chosen of sufficiently large
diameter, in order to reduce transmission line losses, that the
breakdown voltage comes within the necessary factorof safety., The
transmission line used fora 1 kw, transmitter must consist of either
one or two transmission lines of 7/8 inch to one inch in diameter,
depending upon whether the system of $9A or 39B is chosen. In this
case, the breakdown voltage would be on the order of 3000 volts at
50 megacycles, provided ordinary care was used to eliminate any sharp
‘points, which would adversely affect the breakdown rating. Since
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the normal range of impedances is from about 50 to 15U otms for this
type of feeder, the maximum voltage encountered should not exceed
600 volts for the case of aline properly terminated asis necessary
for television.

Fig.42 Transmission line of NBC 4 kw. television transmitter.

The power loss goes up as the square root of the frequency and
directly as the length of the transmission line. For instance, a
typical 1 kw. installation usinga standard type of one—inch trans—
mission line, would have a loss of .33 db for 1000 feet at one meg-
acycle. Thus, if this type of line is used foratelevision trans—
mitter on 51.25 megacycles, the loss involved for a 250-foot line,
would be 130 watts as shown below.

Loss = db at 1 megacycle x length x /¥ = .33 x ,25/51.25
Loss = 130 watts for a 1000 watt carrier.

It would not be good economy to use this size of transmission line
for installations requiring a 250-foot feeder, since the loss en—
countered is appreciable ard expensive to generate in the picture
transmitter. Thus, the cost of a larger size of line must be bal-
anced against the cost of producing the wasted power. Italso fol-
lows that a short transmission line could be constructed using
smaller conductors than in the case of the long transmission limne.
The 4 kw. British Broadcasting Company transmitter in London uses
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transmission lines having anouter conductor diameterof five inches
and an inner conductor diameter of one and three-eighths inches.
The size of the transmission line used in the RCA 4 kw. installation
in the Empire State Building can be seen in Fig, 42.

In the concentric type of transmission line, insulators are
necessary to space the inner conductor in the exact center of the
outer line. In commercial lines for broadcast transmitters, which
have been adapted to medium power television transmitters, these
insulators consist of isolantite washers spaced every foot or so
along the inner conductor. The distance between insulators depends
somewhat upon the manufacturer and upon the size of the line used.
The larger line requires fewer insulators because of the greater
rigidity of the inner conductor. The general comstruction of the
coaxial line of the commercially available variety is shown in Fig.
39D. The insulators not only introduce considerable loss, since
they are in the intense electrostatic field, but each insulator
raises the capacity of the line at the point of its placement, be-
cause the dielectric constant of the insulating material is always
greater than unity. The increased capacity causes a reduction in
the suryge iwpedance of the line, as can be seen in the following

fami-liar equation.
B, = /% (4)

Each insulator causes a reflection of the signal, due to the
change in characteristic impedance of the line at that point. The
detrimental effect of the reflection is not as bad as would be ex-
pected at first thought. Because there are a great number of insu-
lators, there is generally a reflection somewhere else on the line
which is 180 degrees out of phase with the reflection from some par—
ticular point., The multiplicity of reflections from the wvarious
insulators tend to cancel out, and only a small amount of distor-
tion is introduced into the transmitted signal.

If the insulators are widely spaced, and only a few of them
are used, they should be constructed so as to have a very low capa-
city, and should be spaced at some particular fraction of the oper-
atin% wavelength; either one—quarter wavelength apart, or one—eighth
wavelength apart. When placed in this manner, they should be ar-
ranged in groups with long distances between groups, with the assur-
ance that the reflection from one insulator will be cancelled by an
equal and opposite reflection from another insulator.

In large transmission lines which are built especially for
television, ordimary types of insulators are forsaken in favor of
the type of insulator illustrated in Fig. 43. A thin rod is passed
completely through the inner conductor into projecting cups on the
outer conductor. The inner conductor is centrally located by means
of small sleeves which slip over the rod insulator. The sleeves
are made of the same insulating waterial as the rod. This type of
support eliminates the necessity of crimping the inner conductor or
using metallic parts to locate the imsulator, thus averting irreg—
ularities of the conductor. Furthermore, the rod, because of its
smaller size, does not inmcrease the capacity between the inner and
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outer conductor as much as when -the disc type of insulator isused.
The type shown in Fig. 43 raises the capacity only .4 mmfd,, which
changes the characteristic impedance by only approximately .35 ohm
for a 75-ohm transmission line.

In the case of the special transmission line illustirated in
Fig. 42, the supporting rods for the inner conductors are of quartz,
which is the best high frequency insulator available. Quartz is
also used at other points in the RCA-NBC installation even to the
use of quartz windows to seal the ends of the transmission lines
at the throat of the antenna shown in Figs. 21 and 22.

Every other insulated
support rotated 900)

Fig.43 Insulator detail } % L) ?
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Bends and junctions are to be avoided in the construction and
layout of transmission lines since it is difficult tomainiain con-
stant impedance under such conditions. The feeders should he run
in as straight aline as possible and wherever bends are to be used,
right angles can be formed with the aid of junction boxes as shown
in Fig. 44.

Since the impedance of a transmission line is given by formula
(4), and since both the inductance and capacitance of the line chang-
es at the junction box, the capacity at this point is made slight%y
lower and is then increased by the use of a small padder as shown,
Thus, by adjusting this padder, the ratio of inductance tc capacity
can be made such as tomaintain the proper characteristic impedance
of the line at the junction. Notice also, the expansion joints
provided to take care of differences in expansion between the inner
and outer conductor.

At several points in this lesson, the use of a quarter-wave-
length section of transmission line has been mentioned as an im-
pedance transformer to match between a particular load impedance
and the characteristic impedance of a transmission line. Such trans—
formers are occasionally necessary, but should be avoided whenever
possible. Theuse of these transformers decreases the bandpass char-
acteristics of the antenna and the larger the mis-match that must
be transformed by the quarter-wave section of line, the greater will
be the sharpening effect by the use of sucha transformer. Suppose
the 24" diameter dipole of Fig. 24 is to be matched to a 70-ohm
line, and to a 1H0-ohm line. For the two cases, the quarter-wave
transformer would be chosen with a characteristic impedance of 6§
ohms and 95 ohms. The input impedances to the two transformers are
shown in Fig. 45. It isseen that the larger transformer ratio re-
sults in a sharper input impedance characteristic having less band-
width, Thus it is seen that for optimum results, the antenna should
be designed to match the feeder with a minimum transformer ratio.
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7. MECHANICAL CONSIDERATIONS. Television antennas must be
located in high places where wind and ice loads are severe. Con-
sequently, the antenna structure must be physically strong, partic-
ularly in the case where it is located on the top of a high build-
ing. In this position, there must be absolutely no possibility of
breaking, since the falling parts would not only cause property
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Fig.u4 Transmission line
junction detail,

damage, but might endanger pedestrians. For this same reason, as
well as for electrical characteristics, ice accumulation on the an-
tenna must be avoided. Falling icicles from the height of a tele-
vision antenna in a metropolitan area would be quite dangerous. In
addition to strength and provision for the removal of 1ice accumu-
lation, the antenna must be arranged for lightning protection and
must conform to the architectural beauty of the building upon which
it is erected.

The strength of the antenna will depend upon the area that is
exposed to the wind and the amount of streamlining involved. The
antenna should be capable of withstanding a wind velocity of 100
to 150 m.p.h., with a reasonable factor of safety under these con-
ditions. The antenna illustrated in Fig. 22 was designed to with-
stand a wind velocity of 130 m.p.h., witha factor of safety of five.
In addition to the ordinary strength of the antenna, care should
be taken in the design to avoid mechanical resonance which might
set up a vibration or an oscillation in the structure when high
winds prevail. For example, an ordinary tubular antenna, such as
8 dipole, tends to develop a circular motion at the tip of the an-
tenna. If the wind velocity is such that the rotational torque
induced in the antenna hits resonance with its normal period of vi-
bration, enough motion might be set up in the antemna to tear it
loose from its support. %his difficulty is overcome by making the
antenna rigid as well as strong.

Lightning protection is best accomplished by grounding the
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center of the antenna, which is done either in the design shown in
Fig. 22 or in Fig. 25. When the dipoles are fed in the manner shown
in Fw. 25, the support net only affords lightning protection, but
results in an extremely strong support for the antemna by avoiding
the use of insulators between the antenna and the supporting arm.
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Fig.45 €Effect of matching transformer upon input impedance.

When it is necessary to insulate the antenna as in the case
of Fig. 2& the antenna element can be supported by a metallic in-
sula.t,or, consisting of a quarter-wave metallic rod plainly visible
in the figure. It is generally convenient to make the supporting
arm shorter than a quarter-wavelength. Inthis case, the arm would
exhibit an inductive reactance to the antenna. However, if the an—
tenna is arranged to have a capacitive reactance at the carrier
frequency, equa.% to the reactance of the supporting arm, the metal-
lic support will then be resonated, and its bandwidth will be suf-
ficient so that the antenna will not be effectively loaded over the
television channel.

The accumulation of ice on an antenna changes its effective
capacity and causes leakage between the various parts. Sucha con-
dition is particularly bad in the case of open wire feeders where
the ice accumulation would upset the characteristic impedance, pro-
ducing signal reflections and distorting the received picture. It
is not always possible to design the antenna so that an accumulation
of ice does not upset its characteristics, and if continuous service
is to be had, some means must be provided for removing the ice from
the antenna. The obvious method is to insert heating units in the
antenna, which can be turned on either manually or autematically
when the ice accumulates on the antenna. The heaters would melt
any ice accumulation and prevent further accumulation of ice. The
antenna of Fig. 22 is so equipped. The Calrod heating units and

* Refer to Lesson 4, Unit 7.
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Fig.46 Calrod heating unit for television antenna.

associated parts are shown in Fig, 46, while ice accumulation on
this antenna is shown in Fig. 47, just after the heat was applied.
Obviously, a great deal of power will be required in severe weather
to raise the temperature of such a bulky antenna in the icy wind to
which it is subjected. Thus, this particular antenna is equipped
with heating units arranged to consume a total power of 27 kw. under
maximum conditions.

Fig.47 Ice accumulation
upon television antenna.

8. ANTENNA ADJUSTMENT. Since any mis-match between the tele-
vision antenna and the feed line seriously impairs the picture qua-
lity, it is necessary to accurately adjust the antenna after it has
been erected. These adjustments are ordinarily rather small, since
the antenna has already been designed to terminate the feeder. For-
mulas are available for accurately calculating the self-impedance
of the antenna elements and the mutual impedances existing between
them.® The properties of the transmission line and the transformer

. 1 Directional Antenmas, by G. H. Brown, Proceedings of I.R.E., Januéry ‘37, also
High Frequency Models inAntenna Investigation, by G. K. Brown and Ronald King, Proceed-
ings of |.R.E., April ‘'3i,
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matching sections can also be accurately calculated so that the an-
tenna adjustments after erection are refinements to take into ac~
count the effect of the structure which supports the antenna and
the effect of any surrounding objects. It is difficult to calculate
ahead of time the exact influence of small, non-resonant objects,
placed in the field of the antenna.

In order to adjust the impedance of the antenna, three pieces
of equipment are necessary: First, a source of variable frequency
RF power; second, an accurate and flexible heterodyne type of fre-
quency meter; third, an impedance meter.

Gammatron 24 / /
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Fig.48 RF test oscillator for anzenna adjustment.
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The first (high frequency source of power) can be a stable self-
excited oscillator which is capable of furnishing either a balanced
or an unbalanced output (push-pull or single-ended to ground). The
oscillator should be capable of furnishing from 2 to HU watts, de-
pendin% upon the type of impedance meter used, but inno case should
it be loaded to near its maximum output, as this would decrease the
stability of the oscillator. The oscillator should bewell shielded
to prevent any stray radiations from influencing the antanna per-
formance or the impedance meter. The frequency control should pre-
ferably be a single dial, and the coupling to the output should be
easily variable over a wide range without materially affecting the
frequency control. A circuit diagram of a suitable oscillator is
shown in Fig. 48. It employs a unity coupled circuit, with the grid
coil wound inside of the copper tubing that forms the plate tank
circuit. The output tank circuit is electrostatically shielded from
the main tank, and variable coupling is provided. An arrangement
of taps permits varying the output impedance, and extreme care is
taken to maintain symmetry and balance to ground in the output tank
circuit. If single-ended output is desired, a somewhat different
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output tank would have been necessary, but the balanced type of out—
put is the most generally useful in antenna work.

A suitable frequency meter is the Genmeral Radio Type 6204,
heterodyne frequency meter, which canbe used tomeasure frequencies
up to 3UU megacycles with an accuracy of .U1%. A picture of this
unit is shown in Fig. 49.

Impedance meters useful at television frequencies may be divid-
ed into three general classes, each of which may be applied in se-
veral forms. e familiar radio frequency bridge, usually employed
by troadcast stations, is not useful at television frequencies,
since the stray capacities between the various arms of the bridge
and ground, as well as the undesirable inductances of the inter-
connecting leads, complicates the circuit to an impossible degree.

Fig.49 General Radio frequency meter for television services.

The first practical type of impedance meter to be discussed
employs the volt—ammeter method. The circuit of such & meter is
shown in balanced form in Fig. 50. The tank circuit is coupled to
the RF oscillator previously described. The voltage developed across
the tank circuit is applied to the load at terminals XX through the
two thermo-milliammeters. If the load is perfectly balanced, the
readings of the two milliammeters should be identical; but in case
slight unbalances exist, the average current of the two milliam-
meters is taken as the load current. The voltage across the load
is the same as the voltages across the tank at when the series
resonant circuit L,C, is tuned to the frequency of the input sig-
nal. The inductance L, is simply the unavoidable inductance in the
connecting leads, which is generally sufficient to resonate with
the condenser C;, Suppose the load 1s a pure resistance. In this
case, we can apply Ohm's law, and observe the value of the load
resistance if the reading of the vacuum tube voltmeter is divided
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by the average reading of the milliammeters (R = E/I). Since some
stray capacity exists across the output terminals indicated as Cu,
and also across the vacuum tube voltmeter, this must be canceled
by the inductance L3. Otherwise, the milliammeters will read even
when the output terminals are open-circuited. The small condenser
C3 is provided to keep the capacity current between the output ter-
minals at aminimum at all frequencies for which the frequency meter
will be used.
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Fig.50 Volt-ammeter type of impedance meter.

Before applying the meter to a more complicated type of load,
it is necessary to obtain a calibration of the setting of the con~
denser C2. This isdone in the following manner. A carbon resistor
of known value is placed across the output terminals, and the con-
denser Cz rotated to obtain minimum reading on the vacuum tube volt~
meter. This will occur when the series resomant circuit L2C: is
tuned to the frequency of the RF generator. Under these comditions,
minimum impedance is reflected across the terminals YY, and this
impedance is exactly equal to the load resistance Ri. Thisisdone
for several frequencies through the television band, ané thus, a
setting of C2 is obtained for any particular value of load resis-
tance at any frequency. When this calibration curve is obtained,
we can proceed to measure the value of any unknown load across the
terminals XX.

With the terminals XX open-circuited, Ci is tuned for maximum
reading on the vacuum tube voltmeter, indicating resonance of the
input circuit. Condenser C3 is tuned for minimum reading on the
thermo~milliammeter, indicating that the strey capacity across the
output terminals has been balanced out. Next, the unknown load is
placed across terminals XX, and condenser C: is rotated for mini-
mun reading of the vacuum tube voltmeter. The load across YY in
this case will be a pure resistance, because any reactance in the
output circuit has been neutralized by adding or subtracting capa-
citive reactance with condenser C2. This was automatically done
when C2 was tuned for minimum reading on the tube voltmeter. The
resistive component of the load is found by dividing the reading
of the vacuum tube voltmeter by the average milliammeter reading.
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This is indicated by the vector R in Fig. 50B. From the calibration
curve of C2, the known frequency, and the resistance just measured,
the correct setting of C; can be found to produce resonance of L2Cz.
If all other adjustments remain unaltered, it will be noticed that
the reading of both the vacuum tube voltmeter and the milliammeter
change as %z is rotated toits correct position. These new readings
are taken, and the load impedance is given by: Z = E/I., Thus, we
have found the impedance of the load and its resistive component.
The reactance of the load is given by the following equation:
X = /2% —“R? (see Fig. 50B).

Whether the reactance of the load is capacitive or inductive
will be determined by whether it was necessary to add or subtract
capacity from condenser C: in order to balance out the reactance
of the load. When obtaining the resistance component of the load,
if the setting of C2 was at a lower value than the value indicated
by the calibration chart, then it can be deducted that the load
circuit has inductive reactance. If the setting of Cz was higher
than normal, then capacitive reactance exists in the load circuit.

Space does not permit the complete description of all the
available varieties of impedance meters, but the principles will
be outlined.
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Fig.51 Q-meter.

One circuit suitable for measuring ultra-high frequency imped-
ances is known as aQ-meter. The basic diagramis shown in Fig. 51.
The principle consists of measuring the voltage rise in a tuned circ-
uit when it is tuned to resonance. A tuned circuit supplies energy
to a large resistance R; and a small resistance R,. The latter is
made quite small so that the voltage across it isconstant, regard-
less of the tuning of C2. The unknown load is connected at points
XX,, and resonated by the capacity Cz. The capacity of C2 to produce
resonance, is a measure of the inductive reactance of the load, while
the vacuum tube voltmeter which measures the voltage rise across the
condenser, in the series resonant circuit, can be calibrated in terms
of the Q of the unknown load.

Condenser C: isof the low loss variety, usually employing quartz
insulation. If the unknown load has capacitive reactance, 1t 1s
necessary to insert a known inductance, such as Ly, in series with
the load in order that it can be resonated by condenser C;. Having
determined the reactance and the ¢ of the unknown circuit, the quo—
tient is the resistive component of the impedance (R = X/Q). The
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impedance of the unknown 1s given by 3 = /R? + X7,

The most widely used variety of high frequency impedance meter
places the load either across a tuned circuit orin series with it.
The value of the unknown load is indicated by the change of voltage
or current in the tuned circuit. The principle is employed in se-
veral ways, but the basic diagram is shown in Figs. H2A and B. The
series resonant circuit is used to measure low values of impedance
up to approximately 3U0 ohms, while the shunt or parallel resonant
circuit shown in Fig. 52B, is used to measure higher values of im-
pedance. The circult is first resonated with the output terminals
short-circuited and the coupling adjusted for full scale reading of
the current meter. The unknown impedance isthen placed across the
output terminals and anew current readingisobserved. The current
in each of these two cases will be inversely proportionel to the
total resistance in the circuit. In the first case, it was simply
the unavoidable resistance of the tuned circuit, while in the second
case, it was the unavoidable resistance plus the load resistance.
Thus, it is possible to determine the resistive component of the
unknown impedance by the drop in the current meter, if the unavoid-
able resistance in the tank circuit is known. The reactive compo-
nent of the load can be determined by the amount of reactance which
had to be added or subtracted by condenser Ci to maintain resonance
when the unknown impedance was inserted.
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Fig.52 Impedance meter which measures tank loss.

The parallel resonant circuit is worked in the same manner,
except that the voltage across the tank is observed instead of the
current through it. Inthis case, as inthe previous onme, the change
of capacitive reactance of the standard condenser is a measure of
the unknown reactance, while the resistance of the unknown impedance
is calculated by the ratio of the tank voltage before and after the
unknown impedance was added.

Another way of determining the resistive component of the un-
known impedance is to resonate the tuned circuit with the unknown
impedance connected, and observe the current or the voltagzs reading,
(depending upon whether Fig. 52A or Fig. 52B is employed). Next,
the standard condenser Ci is rotated until the current or voltage
reading drops to .707 of its original value. With this tuning ob-
tained, the change of reactance of the standard condenser from its
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original setting is equal to the total resistance of the circuit.
The total resistance is the unknown load resistance plus the equi-
valent resistance of the tuned circuit.

Both of the preceding methods depend upon knowing the equiva-
lent resistance of the tuned circuit. This is found by using the
meter to measure alknown resistance. The meter reading will be pro-
portional to the total resistance in each case:

R = known resistance. R = circuit resistance.
M; and M, are the meter readings.

M;. Re - M,
H‘: l?*'Rc e R(MZ-M1)
Thus, the circuit resistance can be found.

A more accurate way of determining the resistive component of
the unknown impedance is to substitute known values of resistance
until the same value of tank current or tank voltage is reached as
with the unknown impedance connected. In this case, the substitu-
tion resistor will equal the resistance of the unknown impedance.
This method is limited, inasmuch asit is difficult to obtain a suf-
ficiently large number of fixed resistors for substitution. It is
impossible to incorporate a variable resistance at this frequency
because of the inductance of the switches and connecting leads.

All of the methods described for measuring impedances at ultra-
high frequencies are subject to some error, due tounavoidable stray
inductances, capacitances, and resistance losses in the leads, If
all of these were taken into account, the mathematical manipulation
necessary toobtain the true resistance and reactance from the mea-
surement would be excessive. Therefore, when precise measurements
are necessary, the impedance meter should be calibrated with known
values of capacitance, inductance, and resistance, and a series of
curves drawn for various frequencies throughout the television band.
Known values of capacitive reactance and inductive reactance can be
obtained for calibration purposes by the use of sections of trans-
mission line, the reactance of which can be very accurately calcu-
lated.

It is necessary to apply sections of transmission line as stan-
dards to calibrate the standard condenser of the impedance meter,
since even a small air-type tuning condenser has enough inductance
in the condenser plates and in the connections to the stacks of
plates to cause the effective capacity of the condenser to vary
widely with frequency.

Standard resistors for calibration purposes are fortunately
easy to obtain. One-half wattorone watt resistors maintain their
low frequency values of resistance even at television frequencies,
for resistances of from 20 ohms to 10,000 ohms. Either the metal-
lized coating on glass or the small carbon type of resistoris sat-
isfactory, and the ceramic covered variety is preferable. Molded
bakelite covering of resistors is not satisfactory, especially for
values above 1000 ohms, since the losses in the bakelite approximate
the losses in the resistor itself. Very small values of resistance
are not satisfactory, since the inductance of the resistor becomes
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appreciable and skin effect comes into play. But, for practical
sizes of resistors, that is, about 10 or 20 ohms, this is not very
important. Resistors above about 10,000 ohms have a bad frequency
characteristic because of the distributed capacity involved. These
resistors can still be used as standards if they are previously
calibrated by amethod whichwill presently be discussed. Wire leads
on the resistors should be made as small as possible, since their
inductance affects the accuracy of the standard.

%§ R R );
7:1 2 "E VT ¥ym.

Fig.53 Calibration of standard resistors.

In measuring high values of resistance, it is possible to use
low resistance standards by taking advantage of the voltage distri-
bution along a transmission line. The set-up is shown in Fig. 53.
In this case, the unknown resistor R: is placed across the end of
the transmission line which is very much shorter than one—quarter
wavelength and tuned to resonance by condenser C. The unknown re-
sistor is then removed, and the known resistor slid along the line
until the voltmeter reading is the same as the previous one. When
the line is very short, the voltage distribution alomg the lime
varies directly as the distance from the short-circuited end. There-
fore, the unknown resistor and the known resistor bear a very def-
inite relation, depending upon the distance they are placed from
the short - circuiting bar to achieve the same voltage developed
across the tank. The unknown resistor is found as foalglows:

Ri_u = RiL
R 0 Ri1 Rl

We are now ready to see how the impedance meter can be applied
in making adjustments to an antenna system after it has been de-
signed and erected. The impedance meter can be carried up the an-
tenns tower and connected between the end of the main fzeder from
the transmitter and the various antenna elements. If the elements
are center-fed, the condition of zero reactance will occur at the
resonant frequency of the antenna elements. Thus, by plotting the
impedance curve, it can be determined whether a small amoant should
be added or subtracted from the antenna length tomake its resonant
frequency agree with the calculated value. The resonant frequency
of a simple dipole is denoted as f. in Fig. 32. Ifthis had occurred
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at too low a frequency, a fraction of an inch would be removed from
the ends of the dipole and the frequency run repeated.

In the antenna of Fig. 30 and Fig. 31, the impedance meter
should be placed between the main feeder and the branch feeder,
with the branch feeder containing the corrective network. Imped-
ance measurements are taken over the television band and small al-
terations are made in the correction circuit. Thus, it is possible
to observe the effects of the correction circuit in flattening the
input impedance to the antenna, and accurate adjustments arrived at.
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Fig.54 Quarter-wave matching section for antenna adjustment.

Another use for the impedance meter is in the adjustment of
quarter-wave matching sections which match between the individual
antenna elements and the transmission line. If the impedance meter
is placed between the transmission line and the quarter-wave trans-
formers, the spacing of these transformers can be varied a thirty-
second of an inch at a time, until the antenna impedance reflected
by the quarter-wave section of line is of the desired value. This
application is shown in Fig. 54, which also shows the method of al-
terin%hthe spacing of the line as the adjustments are made.

e impedance meter is next used in measuring the characteristic
impedance of the main transmission line, and adjusting it to remove
irregularities. The irregularities occur at the bends in the line,
and are compensated by the method shown in Fig. 44. The transmis-
sion line is terminated in its characteristic impedance (instead
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of the antenna) and the small trimmer condensers at the junction
boxes of Fig. 44 are adjusted to remove impedance irregularities.

After the lengths of the antenna elements have been adjusted
and the spacing of the guarter-wave matching section adjusted, as
well as the wideband correction network, the impedance meter is
removed from the upper end of the transmission line and connected
to the transmitter end of the main feeder. A new impedamce run is
taken at this point, and further adjustments are made to the indi-
vidual adjustments of the antenna system, carefully noting the
changes in the character of the line input impedance. Lf the an-
tenna is supported on an open structure, the presence of the meter
and the observer in the field of the antenna may have upset the
impedance characteristics. For this reascn, additional adjustments
are made with the impedance meter located at the transmitter.

The input impedance to a long trapsmission line depends not
only upon the termination of the line, but upon the line length and
the frequency at which the impedance is measured. If the line is
an even number of quarter-waves long, the input impedance is the
same as the terminal impedance; or if the line is an odd number of
quarter-waves long, the imput impedance is given as follows:

Bin = —gﬂi
out

Since the feed line is usually one hundred to several hundred
feet long, it will be an even number of quarter-waves leng and an
odd number of quarter-waves long at several frequencies throughout
a single television channel. %hus, if the transmission line is
terminated in an impedance such as Fig. 554, the input impedance to
the transmission line will be equal to curve g at some fraquencies,
and equal to b at other frequencies. Thus, these two curves form
the envelope of the actual impedance, which varies between these
limits, as shown in Fig. 55B.
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Fig.55 Impedance variation of input to transmission line.

By purposely mis-terminating the transmission line in a known
resistance, and measuring the input impedance over the television
band, as shown by Fig. 556, the exact electrical length of the trans-
migsion line can be determined.

With the input impedance to the line measured, and the length
and characteristic impedance of the line kmown, it is possible to
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calculate backward and determine the load impedance on the trans~
mission line due to the antenna, and thus decide what adjustments
are necessary to improve the overall impedance characteristics.

9. SIGNAL COMBINING NETWORKS. At the present time, the ma-
Jority of television installations have separate antennas for the
sound and television transmitters. Most of the larger companies
have experimented with networks for operating the two transmitters
ona single antenna, but only a few of them have been satisfied with
the results. There is no standard type of network used for this
application. Euch company or station has developed amethod of its
own, which is subsequeatly witheld from all other companies pending
action on their patent applications.
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Fig.56 MNetwork for combining sound and picture signals into a

single antenna.

However, the general principle employed in all of these in-
stallations is the same, and will be described in conjunction with
Fig. 56. The television transmitter and the sound transmitter are
connected to the main antenna feeder by a balamced transmission
line. For simplicity, they are shown as open wire lines, but in
%enera.l, concentric types of transmission lines would be used.
cross the branch transmission lines are placed two filter networks,
consisting of from 4 to 8 sections of transmission line. The net—
work Zi1.is placed, as shown, one—quarter wavelength away from the
main feeder, but between the television transmitter and the main
feeder. The impedance of this network is shown in Fig. 56B. It
has a high impedance over the television band and series resonates
in such a way as to reflect ashort-circuit across the transmission
line at the frequency of the sound transmitter. A short-circuit at
the sound frequency prevents any enmergy from the sound transmitter
from traveling back line A: to the picture transmitter.
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The low impedance which results across point X at the frequency
of the sound carrier, is reflected through the quarter-wave section
of transmission line, tuned to the frequency of the sound trans-
mitter, and appears asavery high impedance across the junction J.
The main antenna feeder also appears across this point and will have
an impedance equal to the characteristic impedance of the transmis—
sion line, since it is carefully terminated by the antenna. Thus,
the sound transmitter sends its energy out along the branch feeder
to the junction J, where two impedances appear inparallel. One is
the relatively low impedance of the antenna system, (in the vicinity
of 150 ohms) and the other isavery high impedance reflected by the
section of transmission line XJ. Since this impedance is extreme-
ly high, all of the energy from the sound transmitter flows into
the main antenna feeder, and practically no current flows to the
television transmitter. What little current flows into this line
is short-circuited at point X, and is dissipated as circulating
energhin the short-circuiting network.

e result is that practically no energy passes from the sound
transmitter tothe television transmitter to cross-modulate with the
television transmitter and produce objectionable interference be-
tween the two. Furthermore, neither the television transmitter nor
the short-circuiting network Zi have any loading effect upon the
sound transmitter. The sound trensmitter feeds all of its energy
into the antenna circuit and behaves exactly as if the television
feeders were completely disconnected from point J.

The network Z: has a high impedance over the picture channel.
Although it effectively shorts out the feeder as far asenergy from
the sound transmitter is concerned, it hasnevertheless, very little
loading effect upon the television transmitter, since it isa fairly
easy matter tomake the impedance over the picture channel equal to
at least 10 times the characteristic impedance of the branch feeder
A1, Thus, only a small portion of the output from the television
transmitter circulates in the network Zi, and the television trans-
mitter, as well as the sound transmitter, behaves almost as if no
loading were placed upon it other than the antenna load reflected
by the main feeder.

The same condition holds for any energy which would tend to
tirculate from the television transmitter toward the sound trans-
mitter to cause undesirable cross-modulation in the output stages
of the sound transmitter. However, a different type of network
must be placed across the feeder to the sound transmitter. It will
be seen that this network is exactly the inverse of the network
which we previously considered. Therefore, it can either be made
up as acomplementary network, or the same network comnected through
a quarter-wave section of transmission line. The desirable char-
acteristics of network Z: are shown in Fig. 56C. It is seen that
we wish to have a low impedance over the television band and avery
high impedance at the frequency of the sound transmitter. The low
impedance over the picture channel short-circuits point Y, and keeps
any energy from the television transmitter from entering the feeder
Az, which leads to the output stages of the sound transmitter.
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The low impedance at point Y is iunverted through a quarter-
wave section of transmission line tuned to the television picture
carrier, and appears across point J asa very high impedance. This
high impedance is in parallel with the impedance of the main antenna
feeder, and therefore, practically all of the energy from the tele-
vision transmitter enters the antenna feeder, and only a small por—
tion flows into the high impedance looking toward the sound trans—
mitter. Of the energy that does enter line JY, most of this is
dissipated as circulating enmergy in the network Z: because of the
low impedance placed across point Y by thisnetwork. Therefore, the
television transmitter behaves as if neither the sound transmitter
nor the network Z: were present, with only the antenna connected to
the output of the television transmitter. Furthermore, the parallel
resonance of network Z: at the sound transmitter frequency places
an extremely high impedance across the transmission line at point
Y, and therefore, the sound transmitter functions asif the network
Z2 were not present.

Each transmitter works into the impedance of the antenna in a
normal way and behaves as if the other transmitter, with its asso-
ciated feeders and networks, was not present.

The networks Zi and Z; are formed of extremely low loss ele-
ments (sections of transmission line) and thus behave like pure
reactances at frequencies slightly removed from the resonant fre-
quencies of the networks. The output stages of the transmitter, plus
the transmission line sections A1 and A2, also behave as low loss
circuits for any energy feeding back toward the transmitter at a
frequency other than that of the carrier. This condition gives rise
to a possibility which may destroy the otherwise smooth operation
of the combining network.

Consider point Y, This must have a low impedance over the en-
tire television picture channel. However, the low impedance formed
by network Z: is a pure reactance and if it happens that the trans-
mission line A2, in conjunction with the output stage of the sound
transmitter, becomes an equal and opposite reactance, parallel re-
sonance might occur at point Y, and thus nullify the effectiveness
of the network Zz. The same thing is true of Zs except this case
is not quite so critical, since there isonly one frequency, namely
the sound carrier frequency, at which parallel resonance could cause
any difficulty. It is not likely that the television transmitter
plus feeder A1 would happen to be a low impedance at the sound car—
rier frequency. FEvenifthis conditiondidoccur, slight alteration
of the length of transmission line A: would clear up the difficulty.

The condition for point Y is not quite so simple. The network
Z: presents a low impedance over a wide range of frequencies, and
it is quite possible that this reactance will be neutralized by the
line A2 and the sound output tank, at some frequency within the
picture channel. Fortunately, the reactance of network Z: is only
on the order of a few ohms, not over 10 ohms at the most. If the
reactance of line Az, plus the output of the souné transmitter, can
be made equal to at least 1U times the reactance of Z: over the
television picture channel, no danger of parallel resonance will
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occur. As a matter of fact, if the reactance of the sowund trans-
mitter plus the line A2 happens to have the same sign as the im-
pedance %2, the performance of the network will be improved, rather
than impaired. That is, if network Z: presents a capacitive reac-
tance across position Y, tne impedance across this point would be
lowered rather than increased by a capacitive reactance of line Az,

If the sound transmitter 1s placed fairly close to point Y,
thus making the transmission line A2 reasonably short, a length of
transmission line A2 can be chosen which will in no way impair the
operation of the combining network,

10. SINGLE SIDEBAND FILTER. The performance characteristics
of single sideband filters were set forth in Lesson 4 of this Unit.
The physical arrangement for accomplishing the desired results will
now he considered.
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Fig.57 Basic filter network.

Consideration has been given to generating television signals
at low levels and at lower frequencies where filters using ordinary
coils and condensers can be developed to remove one of the television
sidebands. In this case, amplifier tubes could be placed between
various filter sections and thus make it possible to desiguna filter
having the desired characteristics, especially in regard to anegli-
gible phase distortion, The single sideband energy would be subse-
quently multiplied in frequency and in power to obtain the desired
output. This system has not as yet been tried outside of the lab—
oratories and will not be discussed here.

High power filters employed at ultra-high frequencies, whether
placed between the modulated stage and linear amplifier, or between
the linear amplifier and the antenna, areof the same general type.
These always consist of sections of concentric transmission lines
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rather than lumped constants, although in some cases, air dielectric
condensers are used in conjunction with transmission lines to form
the desired network.

The student is already familiar with "low-pass ladder type"
filters, even though the term applied may not be familiar. This is
the ordinary type of filter used in power supplies, the basic dia-
gram of which is shown in Fig. H7A. Asweprogress through the study
of filter circuits, many new terms will arise with which the student
should familiarize himself inorder that future outside reading will
have nore meaning.

In power supplies we started out with a pulsating DC current
which contained a DC component, plus a 6U-cycle wave, plus harmo-
nics of 60 cycles. It was desired to remove everything above 20
or 3V cycles so that only the DC component would be passed by the
filter. This explains the use of the term low-pass filter. The
term, ladder type of filter, is derived from the physical appear—
ance of the network as distinguished from the lattice type of struc-
ture of Fig. 57B. The low-pass ladder filter, as used in a power
supply is of the unbalanced form; that is, one side is grounded.
It can also be used in the balanced form as shown in Fiz. 57C. In
either case only the low frequencies are passed.

In television we wish to pass the high frequency sidebands of
the television picture transmitter and to suppress the low frequency
sidebands. This type of filter is known as a high-pass filter,
and as would be expected, the circuit elements are reversed from
Figs. 57A or 57C, and shown in Figs, 57D and 57E. Obviously, the
blocking condenser prevents DC from being passed by such a filter
and we say that it has infinite attenuation at zero frequency. As
the frequency is increased, the attenuationof the filter decreases
until the nominal cutoff frequency is reached. At this frequency,
the filter will pass all of the energy that is applied to it and the
voltage across the output will equa? the voltage across the imput
to the filter. At least such would be the case if an infinite num—
ber of filter sections had been employed. The term filter section
denotes that part of the network enclosed within the dotted lines
of Fig. H7E. Because of the gradual cutoff characteristic, this
type of filter is not particularly suitable for television appli-
cation, where an extremely sharp cutoff is desired; but it forms
the basis of the more complicated types to be discussed presently,
The filter which we have been considering is known as the constant £
type of high-pass filter, and is distinguished by a gradual cutoff
characteristic.

A sharp cutoff calls fora type of filter known as the ¥-derived
type, the fundamental diagram of which is shown in Fig. 57F. The
shunt coils of Fig. 57D have been replaced with series tuned circ—
uits, which resonate at frequencies below the cutoff frequency.
Neglecting losses, this causes the filter to have infinite atten-
uation at such frequencies, as shown by the attenuation character-
istics immediately below the circuit diagrams.

The series tuned circuits effectively short-circuit the net-
work at their resonant frequencies. Oneof these tuned circuits is
adjusted to the sound carrier of the adjacent television band in

60



order to completely eliminate transmission at this frequency. Other
sections of the filter are adjusted to series resonate at other
frequencies throughout the adjacent television band in order to
produce additional tinfinite attenuation points for the unwanted
sideband of the television picture transmitted. When several sec-
tions of filter are employed, aud these sections are adjusted for
different rejection frequencies, the network is called a composite
filter, since it consists of several different sections.

The attenuation curves shown in Fig. 57D and Fig. 57F assume
that an infinite number of filter sections are employed, and that
the elements of the filter have zero loss. Obviously, neither of
these conditions is a practical one, A typical filter consists of
five sections, employing elements with Q's of approximately 10,000,
By employing a limited number of sections, it is not possible to
terminate the filter in its exact image impedance over the tele-
vision band, since this can only be done by terminating it in an
infinite chain of additional sections. Actually, the filter is
terminated in as nearly a constant resistance as can bte achieved
by the antenna and its transmission lines. The effect of this is
to round off the cormers of the attenuation characteristic at the

cutoff frequency.
1 Il 1] I | Il
I if il it | i
¢, E

' AY’S
T T ST T T E E
(
LS ] |
R i

L
u

A)

1l
Ar

B
-60 (8)
N

—40
520 Fig.58 Composite five-sec-
e tion high-pass filter.

0

+20

fu 1’3 fzflfc

A typical five-section filterand its attenuation characteris-
tic is shown in Fig, HB8A, while the balanced form of the same fil-
ter is shown in Fig. 58B. Actually the filter is a four-section
filter, since the input and output sections are each half-sections.
That is, the reactances of L2 and C2 at resonance are doubled over
the normal values chosen in the basic design, Terminating the fil-
ter in a half-section, makes it possible for a pure resistance to
more nearly match the impedance of the filter over the television
band.

In order for the impedance match to be as mearly perfect as
possible over the entire pass band, it has been customary to choose
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the input and output sections of this type of filter so that M = 0.6.
M is given by the following formula:
= A - (=X
& ﬁ fc)
where f= is the frequency at which the output half-section produces
an infinite attenuation, and fc is the nominal cutoff frequency.

For television purposes, we are not interested in the entire
pass band of the filter, but onlyasmall band near the cutoff fre-
quency. If the carrier is placed at 51.25 megacycles, and a cutoff
frequency is chosen at 50.5 megacycles, then the pass band would
extend from 50.5 to 55.5 megacycles, as explained in Section 8 of
Lesson 5. Thus, we are interested inanarrow band, within approx—
imately 10% of the cutoff frequency., Unfortunately, this is the
very region which has the poorest characteristic in normal filter
design. Thus, for television application, it is better to choose
a filter with M equal to .4 and design it to have a characteristic
impedance equal to twice the impedance of the antenna feeder. The
actual formulas are omitted from this lesson, inasmuch asa consid-
erable amount of supplementary reading and study would be necessary
to apply them in a particular example.

It was mentioned that sections of transmission line were used
to replace the circuit elements of ordinary filter circuits. Thus
the series tuned circuits of Fig. 58B could be replaced by quarter-
wave sections of balanced transmission lines open-circuited at the
far ends. The characteristic impedance of these transmission lines
would be chosen so that the reactance curves over the television band
approximated that of the tumed circuit shown in Fig. 58B. If this
gave an unreasonably high value of characteristic impedance, the
situation could be improved by using half-wave sections of trans—
mission lines short-circuited at the far ends. The series condens-
ers could either be formed from sections of transmission line, or
could be built up asair dielectric condensersusing aluminum plates,
The circuit would then become that of Fig. 594, in which case the
transmission lines would be bonded together to give the general
appearance of Fig., H9B,

The other characteristic of filters which must be considered
is the phase characteristic. The detrimental effect of phase dis-
tortion was explained in Section 8 of Lesson §, Unit 7. Minimizing
the phase distortion is an intricate problem of filter design tied
up with the choice of filter sections and will not be considered
here. In passing, it should be mentioned that it is not always
possible to reduce the phase and amplitude distortion introduced by
the single sideband filter to a sufficiently low degree. In this
case, it becomes necessary to employ correction circuits at video
frequencies. These circuits accentuate the video frequencies which
in turn are reduced by the filters. Phase correction networks are
employed, which delayall the video frequencies except the ones which
are delayed by the single sideband filter, thus correcting the dis-—
tortion inserted by the latter, The amount of correction that can
be employed by this method is limited, particularly with regard to
amplitude correction. Non-linearity in the amplifier stages may
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mission line.

result in correcting the frequency discrimination for positive mod-
ulation peaks, but not for negative ones. Furthermore, if too much
video amplitude correction is involved, the transmitter will be
over-modulated at certain video frequencies.

Still another problem, namely securing a constant load resis-
tance for the transmitter to work into, is more easily solved. It
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is possible to combine a low-pass filter and a high-pass filter in
such a way that any change of impedance in the high-pass filter is
offset by an equal and opposite change in the impedance of the low-
pass filter. The combination is snother type of constant resistance
network, one form of which has been studied earlier in the lesson,
The low-pass filter, which passes the unwanted sideband, istermin-
ated in a dummy resistor. This dissipates the undesired lower side~
bands of the picture transmitter.
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Fig.60 Single-sideband filter of the constant resistance type.

The filter shown in Fig. 60A is a single-section filter of the
single-ended type, but in practice, the principle would be extended
to five or six sections (either single-ended or balanced to ground)
in order to obtain sufficient attenuation ofall the unwanted side-
bands, The application of transmission line sections to this type
of filter is shown in Fig., 60B. Here it is seen that not only the
tuned circuits, but also the capacitance and inductance of the
series arms are simulated by sections of transmission lines. In
order to correlate Figs. 60A and 60B, the same lettering has been
applied to corresponding filter elements. The series resonant cir—
cuits are formed by quarter-wave sections of transmission lines,
open-circuited at the far end. The characteristic impedances of
these lines are chosen to agree with the slope of the reactance
curves of the tuned circuits of Fig., 60A.

A section of transmission line shorter than a quarter-wave-
length will behave asacapacity if it is open-circuited at the far
end and will behave as an inductance when it is short-circuited at
the far end. Therefore, sections of transmission line can be made
to serve as Li and Ci, These transmission line sections must be
so arranged that they do not produce an appreciable impedance to
ground. Furthermore, they must be balanced. To obtain these char—
acteristics, it is necessary to mount the condenser or inductor
transmission line within another transmission line, as shown in
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Fig. 60B, to obtain an extremely high impedance to ground. The
operation of this arrangement has been described earlier in the
lesson under the term of "balance converter'.

If the single sideband filter is employed between the final
stage of the transmitter and the antenna circuit, it is necessary
to employ excellent shielding of the final stage in order to prevent
the unwanted sidebands from being radiated directly from the final
tank. If it isdesired to maintaina stop band 40 db below the pass
band in the filter circuit, then it is necessary to shield the final
amplifier so that the energy radiated from it is less than 1 part
in 10,000 of the energy radiated by the antenna, If a filter is
employed betweea the modulated amplifier and the linear amplifier,
it becomes necessary to secure almost perfect linearity in the linear
amplifier stages; otherwise, the unwanted sidebands will be reinsert-
ed as amodulation product between the upper sidebands and the car-
rier. Any non-linearity in the stages themselves would cause cross-
modulation to occur between these two frequencies.

The overall structure, including the antenna, the transmission
line, and the single sideband filter emplays a maze of copper tubing
sometimes exceeding 6" to 8" in diameter inorder to obtain the de-
sired Q. The unusual "plumbing" which results, and the excellent
results which can be achieved by departing from the orthodox, are
a source of intrigue to the radio men and engineers who work on
these problems.
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EXAMINAT ION QUESTIONS

INSTRUCTIONS. Before starting toanswer these examination ques-
tions, you should have studied the lesson material at least three
times. Be sure that you understand each question--then proceed to
write the best answer you can. MHake all answers complete and in de-
tatl. Print your name, address, and file number oneach page and be
neat in your work. Your paper must be easily leéible; otherwise,
it will be returned ungraded. Finishthisexamination before start-
ing your study of the next lesson. However, send in at least three
examinations at a time.

1. Name the important considerations in a comparison of hori-
zontal and vertical polarization. . Which type of antenna possesses
superior qualities on each point?

2. Using two half-wave antennas, show how they may be connec-
ted to secure general coverage in all directions. What is such a
connection calied?

3. If the antenna consisted of two dipoles, how could they be
arranged to secure radiation parallel to the earth's surface?

4. Outline five methods that are used to flatten the input
impedance of a television antenna over a wide band of frequencies.

5+ What consideration is important in the design of sound an-
tennas, and how are the desired results secured?

6. Why are concentric lines to be preferred to open wire lines,
and what precaution must be taken in the designof concentric line?

7+ Mention several mechanical considerations in the erection
of television antennas.

8. What three pieces of apparatus are used in measuring the
input impedance of a television antenna, and describe, in a general
way, how this is done?

9. Why is it desirable to eliminate one sideband of a tele-
vision tramsmitter, and which sideband is eliminated?

10. Suppose we wish to receive a picture from two transmitters.
Transmitter "A" operates with a power of 1000 watts, an antenna
height of 200 feet above average level ground, and the transmitter
is six miles away from the receiver. Station "B" on an adjacent
channel has an antenna height of 600 feet, a power of 4 kw., and is
three miles distant. What is the relative field strength at the
receiver, produced by the two transmitters?
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TELEVISION

film transmission.

We have written so many stories about the changes that
television may bring in our lives, that this page may be, in
part at least, a repetition of wnat you have previously read.
However, the possibilities are so fantastic that they will
bear repeating.

Today, moving picture films are shipped to all parts of
the United States and distributed through film exchanges. Many
of the original films must be made so tnat a considerable num-
ber of theatres may scresn the play on the same day.

Let us assume that a large moving picture company should
construct master television stations at strategic points in
the United States. These stations, in turn, would transmit
moving pictures to selected theatres within their area. Such
theatres, being equipped for the reception and scraening of
film transmission, would present the play without film. Wnila
this may sound fantastic, it is within the realm of future
possibility.

There are many other equally fantastic uses for televi-
sion that may come’ in the future. When radio broadcasting
was first inaugurated, but few people had the slightest con-
ception of the change it would bring about in our lives. Radio
was called a toy....a plaything for the man who loved a hobby .
Consider what radio means to us today. Tnen, ajain, consider
what television may mean to us in the future.

We, at Midland, are prepared, awaiting the day..... you,
too, should remain PREPARED
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Lesson Eight

TELEVISION
FILM

TRANSMISSION

"One of the big prob-
lems in television is the
source of program material.
From the experience which has
been acquired to date, it 1is
quite evident that motion picture
film will be used a great deal.
"This lesson deals with two things every television student
should learn; tirst, the operation of a motion picture projector;
and, second, how film is scanned for transmission by television.,"

1. USE OF MOTION PICTURE FILM FOR TELEVISION. It is gener-
ally appreciated that one of the chief features of the modern tel-
evision system is the simultaneous action of the events being
televised and the scenes which are witnessed on the receiver in
the home. In witnessing a sports event, a large part of the in-
terest is undeniably in the uncertainty of the outcome. The
thrill at the end of a horse race would be lacking if the audience
knew in advance which horse was to win. Furthermore, the public
wishes to feel that the show is being put on for them purposely at
that very instant. These considerations limit the extensive use
of film at the present time; nevertheless, many types of shows are
produced best by the use of motion picture film.

Most people object to recorded sound programs, even though
they must listen carefully to distinguish between a transcribed
and a live talent show in modern sound broadcasting. This atti-
tude is probably carried over to some extent in television as a
prejudice against the use of film. There is a distinct differ-
ence, however, between recorded programs for sound broadcasting
and recorded programs for television. In the case of a recorded
television program, it is possible to overcome certain limitations
of the television studio; thereby producing shows of greater elab-
oration and higher entertainment value.

For the pickup of news and sports events, the motion picture
camera has an advantage over direct picknp television equipment
in that it is more easily transported to the scene, Until recent-
ly, mobile television equipment could not be placed in an auto-
mobile or an airplane and rushed to the scene of interest. Two
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special trucks were needed for the remote pickup unit. Motion
picture cameras, on the other hand, are quickly and easily ilrans-
ported to the scene of a fire, explosion, or other unexpected
event of news value., Films can be rushed to the television studio
and placed on the air im instances where direct pickup with a
television camera is impossible.

By the use of motion picture cameras, events may be recorded
in the daytime and placed on the air at night when the largest
television audience is available. Likewise, events which occur
after midnight may be photographed and placed on the air the fol-
lowing day. A Saturday afternoon football game on the east coast
can be held over by means of motion picture film and broadcast
Saturday afternoon on the west coast. Even variety shows, dramas,
music presentations, and other broadcasts which could easily be
in the nature of a direct pickup might be recorded during the
daytime and placed on the air at night in order to take full ad-
vantage of a limited number of studios and operating personnel,
This reduces the cost of programs and allows an advertiser to
reach a large nighttime audience without excessive production
costs.

The time and space conveniences of motion pictures in tele-
vision has another aspect, especially in dramatic presentations.
Successive scenes may be produced which represent widely varying
places and unrelated time. Flashbacks to an earlier period may be
portrayed if useful to the program continuity. Changes in the
locale, time, and costuming are more convenient. If the story
depicts a street sceme in the daytime, it need not be re-written
for television simply because it is being broadcast at night, as
films can be made at the most convenient time. A character in a
play can be pictured as stepping on a train in Chicago, and arriv-
ing in New York, by actually filming these two locales, with much
more realism than could be achieved by representing these places
in the studio.

One of the best recognized advantages of motion picture film
over direct pickup is the application of splicing technique. A
program produced in the studio for direct pickup must be perfect
in every detail. Any fault in the program which develops will be
viewed by the entire audience. 1f the program is first filmed,
defects can be thrown out of the final version. In practice,
every scene is shot with two or more cameras and the scenes sub-
sequently spliced together to register the best effect. For di-
rect pickup, each scene would have to be tried in a variety of
ways, the best method selected and then rehearsed repeatedly until
it could be reproduced every time without a flaw. FElaborate re-
hearsals require that many studios be provided and all of them
equipped with a multiplicity of cameras and television equipment
necessary to audition the performance. A further advantage of
film technique is that accurate timing may be achieved by cut-
ting. Scenes may be shortened or lengthened at will and spliced
together to obtain a program of split-second length, Accurate
timing of a direct pickup, on the other hand, regquires endless
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rehearsing and greater directing skill. Timing of programs in
modern broadcasting is extremely important since the networks
switch the programs and key in the spot announcements by the sec-
ond hand on the control room clock, rather than by cues in the
program itself as was done at an earlier time. Sound programs
occasionally are marred by a station cutting in the middle of an
announcer's speech. The difficulty of accurate timing is greatly
increased in television.

When the continuous projection type of motion picture machine
is used (discussed in detail later in the lesson), the film may
be slightly speeded up or slowed down without any disturbance in
the performance of the television circuits. This is an advantage
in that the continuity can be adjusted to exactly the right length
for the time allotted to that portion of the program, which is
difficult to do precisely in studio technique. The change in
pitch of the sound accompanying the change in film speed is usual-
ly the limiting factor, as running the film faster will cause the
sound to become higher pitched, or running the film slower will
cause the sound to have a lower pitch. Of course, if a change of
film speed is carried to extremes, the motion of the picture also
will appear unreal.

The use of motion picture film also makes it easy for the
sponsor of a program to audition it, not once but many times, by
simply running the film through a projector. Advertising matter
may be spliced into the film at any point, and it is possible for
an agency of sponsored programs to produce a program on film and
then sell the program to a sponsor, whose advertising matter is
inserted, after the film has been produced.

Syndicated programs will be possible as a preliminary or a
supplement to chain broadcasting. If it is not economically feas-
ible to chain a number of small stations by coaxial cable or by a
R.F. relay network, a major program can be produced in Hollywood,
Chicago, or New York, which may be filmed, printed, and rushed to
the syndicated stations so that they can broadcast the program
either simultaneously or with due regard to the different time
belts in which they are located. This will require a systematic
and rapid means of distributing these programs, but the distribu-
tion undoubtedly will be worked out in conjunction with commercial
airline schedules.

A television program does not have to be exclusively direct
pickup, or exclusively film, A dramatic production might be
largely produced in a studio, but supplemented by shots taken at
other times and other places and recorded on film, One scene
could be a studio shot followed by a brief motion picture insert
without discontinuity in the program. Special effects can be re-
corded on film and used as program fills. This has the advantage
of reducing elaboration of the studio.

Both still slides and motion picture films are used in pro-
jecting backgrounds against which the players perform in the
studio. At present, this technique is limited because of the ex-
tremely high intensity of illumination which must be projected
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from behind the translucent back-drop if the background is to
stand out visibly in the brightly lighted studio.

The use of motion picture film in conjunction with a televi-
sion pickup tube allows more light to fall on the tube than in the
case of direct pickup. This makes possible several techniques for
film broadcasting. Insufficient light is the chief limitation in
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Fig.t intermediate film method of pickup.

the use of certain types of television pickup tubes. You will
recall that it was this factor which prevented the use of a scan-
ning disc and a photoelectric cell in a high fidelity mechanical
television system, By projecting a large amount of light through
the film, the Farnsworth image dissector tube (which you studied
in an earlier lesson) will function very well and is capable of
excellent resolution with entire freedom from blackspot. In
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systems using direct pickup, the image dissector gives insuffi-
cient signal output to override tube noise in the ampllflgrs
unless the scanning aperture is made so large that the resolving
power of the system suffers. With motion picture film, even
mechanical scanning drums are possible. In Europe, some televi-
sion systems have taken advantage of the excellent pictures ob-
tainable from motion picture film and the image dissectar tube,
by incorporating a modified direct pickup system inown as the in-
termediate film process.

A sketch of a continucus intermediate film scanner is shown
in Fig. 1. The sceme to be televised is photographed in the asual
manner. The film passes through a developer; and then, while it
is still wet, it is scenned with a mechanical scanning disc. The
disc is fitted with lenses, and rotates at high speed in a partial
vacuum, which is necessary to reduce air friction losses. Unlike
the type of mechanical television studied in an earlier lesson,
all of the holes in the scanning disc lie in the same radius, and
the scanning disc revolves several times for every frame of the
picture. The vertical motion of the picture is achieved by the
continuous motion of the film. Because of the intensity of the
arc illumination and the large amount of light passed by the lens
disc, 400-line mechanical television is practical.

There is a delay of approximately 30 seconds from the time
the picture is photographed until it is electrically reproduced in
an electron multiplier photocell pickup. In the sketch shown, the
film, after passing through the scanning apparatus, issalvaged
and re-coated with a photographic emulsion. Thus, the band of
film passing through the film scanner is continuous. However,
this need not be the case. In some models, the film path between
points A and B is omitted, being replaced by a takeup reel and a
new spool of film at points A and B respectively.

When properly constructed, an intermediate film scanner is
capable of excellent pictures, but the equipment is unwieldy, and,
because of the half-minute or so delay in transmission, the sound
must also be recorded and delayed an equivalent amount.

2. BASIC PRINCIPLES OF MOTION PICTURE PROJECTION. A motion
picture projector flashes on the screen a series of still pic-
tures, each of which has been photographed with a moving object in
a slightly different position. These pictures occur in rapid suc-
cession and the audience has an illusion of motion, Because of
the persistence of vision, successive still pictures occurring in
rapid succession cannot be individually distinguished.

The motion picture industry has standardized on the number of
pictures which must be shown per second in order to take full ad-
vantage of the persistence of vision in eliminating flicker.
Twenty-four pictures are flashed on the screen per second, but
each of these is shown twice, so that effectively 48 pictures are
shown on the screen in one second. The film which is projected
carries not only the picture, but also a recording of the sound
which accompanies the picture. The dimensions of the film, the
width of the sound track, and the dimensions of the individual
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Fig.2 Standard dimensions of 35 mm. film

pictures on the film, are shown in Fig. 2. From these dimensions,
the film travel can be calculated at approximately 90 feet per
minute when 24 frames per second are being projected. Fig. 2 is
interesting in that the small size of the projector aperture in-
dicates the tremendous magnification necessary to project a
12 x 16 foot picture in a theatre., In order to project such a
large picture without blurring the image, it is necessary that the
film dimensions be held very accurately and that the projector be
capable of pulling down successive frames of the picture to exact-
ly the same position in the projector. Misalignment of successive
frames by as much as .001 inch will spoil the resolution of the
projected image.

A schematic diagram of a motion picture projector is shown in
Fig. 9. This diagram shows typical parts in a projector, and the

6



\x. UPPER MAGAZINE

STRIPPER PLATE

FILM UPPER LOOP

§ i -
UPPER FEED l \M __COOLING PLATE
- /

SPROCKET—{|
ras -
REAR SHUTTER  |py e
\ /ooussn
P
) /” ” 7oy
{ [ FIRE SHUTFER
iy o
4 . CATHODE
' AMODE
| ! fy
'
|
LENS ~ ' N
HOLDER — \
j 4
STRIPPER )
PLATE
o Seoor ¥ AUTOMATIC FEED
AR CONDENSI
LOWER LOOP =R
YINTERMITTENT SPROCKET
[——_CONSTANT SPEED SPROCKET
SOUND FILM LENS UNIT
EXCITER
- LAMP
PHOTO
ELECTRIC
CELL
FEED
SPROCKET
el \cousnm SPEED
SPROCKET
=
._,,.-f"’"f—-— =i
7~ LOWER MAGAZINE =

Fig.3 Component parts of a motion picture projector.

functions of these parts are more or less indicated by their names
and positions. The image of the arc crater is focused to a point
just beyond the film gate so that the film gate accepts the center
portion of the cone of light. Some light is allowed to fall on
the cooling plate which contains the film gate. The light rays
cross over and enter the projection lens after passing through the
film. The upper magazine contains the film which has mot yet been
projected. This is pulled down at a steady rate of 90 feet per
minute by the upper feed sprocket. The film roller just below the
magazine, and the idling roller which runs against the feed
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sprocket, serve to steady the film. These rollers also help to
prevent the spread of fire to the upper magazine, should the film
catch on fire at the gate. A loop of free film is left between
the upper feed sprocket and the film gate, because the intermit-
tent sprocket pulls the film down, a frame at a time, with a
jerking motion; whereas, the upper feed sprocket rotates contin-
uously. There is a slight drag upon the film reel in the upper
magazine which prevents the film from unwinding too rapidly and
becoming entangled.

Fig.4 sSimplex Super Magnarc Projector.

After the film has passed over the intermittent sprocket, a
second loop is allowed to take up the intermitteat film motion,
since the lower sprocket and its idler once more transmit a steady
motion to the film, so that it will pass the sound track at a
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uniform rate of speed. The uniformity of motion is further
insured by an additional guide roller and a feed sprocket in the
sound head., Here the sound track on the film is scanned with a
thin sliver of light. The film modulates the light beam and the
variations of intensity are converted to an A.F. output by a
photoelectric cell, The exciter lamp is supplied with DC current,

fig.5 Mechanism of Simplex projector.

The lower magazine contains a takeup reel which is driven by
a loose-fitting belt, This belt tends to rotate the takeup reel
faster than it should go. Kapid rotation is prevented by the
tension of the film so that the belt driving the takeup reel con-
tinually slips. The belt tension is adjusted so that the lower
takeup reel will just barely turn when the reel is full of pro-
jected film,

The stripper plates indicated at the upper and lower feed
sprockets prevent the film from clinging to these sprockets, They
are necessary, because of the loose film loops which are provided
to compensate for the intermittent film motion between the two
feed sprockets.

A rotating shutter is introduced between the arc lamp and the
film gate which shuts off the light once while the film is being
moved to a new frame and once at the half-way interval during the
projection of each frame. This serves to eliminate flicker and
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prevents film motion from blurring the image while the film is
beiny transported from one frame to another. An additional pur-
pose of the rotating shutter is to cause a draft of air past the
film gate, keeping the film sufficiently cool at this point, and

Fig.6 Formation of
cone of 1light from a
Mazda projection Yamp.

CONZENS ING
LENS

PROJECT | ON
LENS

also ventilating the lamp house. The douser serves to shut off
the light at the beginning and end of each reel,

We shall now describe in detail the individual parts of the
projector, but first look at Figs. 4 and 5, which show a Simplex

{Bi Mir-or Refleztnar. B} Positive Carbon Jaw. €. P5si.i.e
gafeon. D) Negaii:se Carden. (g} Mi-ror vertizal Adiusimen:,
(Fl Ar:z striking Knob. G’ Mirror Horizental Ad justman- . w)
F3lus Control 71, Douter ana Flame Shiela Handie. J Positi.e
Carvor Feed Scale.

Fig.7 <Cross-section of typical lamphouse,
Super Mugnarc projector and a closeup of the Super Simplex projec-
tor mechanism which is used on this projector., These illustra-
tions are of typical theatre projection equipment, although, of
course, many other models are in use. A Simplex Model EY projec-
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tor, which is very popular, is shown later in the lesson, (Fig.
2%), after it has been altered for television purposes.

The light source of motion picture projectors may be either
an incandescent lamp, a low or high intensity arc lamp, or an AC
arc. ‘The latter is not practical for television purposes, and
will not be described. Fig. 6 indicates that a Mazda projection
lamp (which burns approximately 50 to 100 hours) is used with
condensing lenses and without a reflector in the lamphouse. The
lamphouse for such a light source does not have to be ventilated
with an external flue; this is a considerable advantage.

Fig, 7 shows the construction of one type of arc lamp. The
positive carbon is held in a clamp in front of a wmirror reflector.
The negative carbon projects through a hole in the center of the
mirror. The mirror concentrates the light from the positive
carbon onto the film aperture and cooling plate. Since no con-
densing lenses are used in this type of lamp, a great deal of heat
reaches the film, but this is not serious in a low current arc.
Both the positive and negative carbons are arranged with automatic
feeds so that they are advanced at the proper rate, as the carbons
are burned up. Since the mirror forms an image of the ecrater of
the positive carbon, the carbons are completely adjustable inposi-
tion to take full advantage in focusing the arc through the film,

13,6 M/M Dia. 5/8

J’ifj//)y
WS e

. Fig.8 Carbon positions NEGATIVE CARBON A Dia.
tn a DC arc.

The positive carbon is formed by extruding a carbon rod with
a hole in the center, and baking this rod. The hole is afterward
filled with soft carbon in the form of a core. The core material
burns out first and then the arc which is formed between the two
carbons centers on the positive crater and prevents the arc from
wandering around the face of the carbon. The negative carbon is
somewhat smaller in diameter and is copper plated to increase its
conductivity and to prevent it from spindling, which means burning
out to a long thin point. The steadiness of the flame is enhanced
in some models by the use of a magnet to direct the arc flame to
the proper position., Fig. 8 shows the proper alignment of the
carbons in a low intemnsity arc.

The arc light is produced by the carbon vapor which is formed
at a temperature of about 3600 degrees Centigrade. This temper-
ature limits the whiteness of the light which can be achieved in a
low intensity arc, because increasing the arc current simply vol-

POSITIVE CARBON
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atizes more carbon without affecting the temperature. The carbon
gases must be carried off in a flue, and this is aided in most
projectors by a fan incorporated with the rear shutter.

In high intensity arcs, the central core of the positive car-
bon is made larger and mixed with certain cerium compounds and
other rare earths. These materials light up under the influence
of electron bombardment in the arc. Furthermore, the deep crater
formed in the positive core builds up a certain amount of gas
pressure which increases the temperature of the arc. As a matter
of fact, the crater of this type of arc lamp has about the highest
temperature of anything known except the sun. The positive carbon
is rotated as well as advanced, as it burns away, to maintain a
steady flame, A picture of the flame from a high intensity arc is
shown in Fig. 9. The tail flame, as it is called, serves no use-
ful purpose, but a condensing lens system tocuses the brilliant
crater of the positive carbon to a point through and beyond the
film aperture,

Fig.9 High-intensity arc.

In order to gather as much lisht us possible, the condensing
lenses are placed close to the urc. tlowever, they cannot bhe
placed too close, since intense heat will crack them, A schematic
diagram of the condensing lens system used with the high intensity
arc is shown in Fig. 10. Facing the curved portions of the lenses
together reduces the amount of ligsht lost by reflection in the
lenses and reduces spherical aberrution,

The film path in the Model F7 Simplex projector is shown in
Fig. 11A. The film comes from the upper mugazine through u fire

12



trap and around the upper crive sprocket A. A loop of film, as
previously described, is allowed between this sprocket and the
film gate B. The intermittent sprocket C, is driven by the inter-
mittent movement which will be shown later in detail. Two idlers
help to maintain steady motion of the film over the- lower driving
sprocket D. A little slack is left in the film between this
sprocket and the rotary stabilizer E.

C ONDENS ING
J AENSES)

// N
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—-TD/’ TO SHUTTER

POSITIVE CARBON & FILM GATE

FEED MECHANISM

\\\\\h\——" —”’—’—____,,,—
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CR DOUSER

NEGAT IVE
CARBCN__’

FEED

Fig.10 Condensing lens system for a carbon arc.

The rotary stabilizer is a large flywheel connected to a film
sprocket by a film of oil. This flywheel is driven by, and, in
turn, drives the film, insuring absolutely constant motion of the
film in passing through the sound head. Any irregularity in
motion at this point carried over from the intermittent motion of
the film would cause the sound to flutter or imtroduce "wows".
The path of the sound track is not clearly shown in this photo-
craph, but will be discussed later in detail.

Fig. 11B shows a closeup view of the upper drive sprocket and
the automatic fire shutter safety trip. Details of this safety
trip vary with most projectors, but it is arranged to operate a
free fallinc fire shutter to cut off the illumination if the film
accidentally remains stationary in the film gate or if the film
drops below a speed of 60 feet per minute. The fire shutter
remains closed until the film has reached its normal speed.

Fig. 12 shows the comstruction of the film gate and the means
for maintaining absolute accuracy in the positicn of the film.
Fig. 12A shows the guide rollers and the accurately machined
cuides, (which should be replaced if slightly worn), for maintain-
ing the correct position of the film. The film is held against
the cuide by long, light-pressure spring clips shown in Fig. 12B.
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The guide unit (Fig. 124), and the film gate (Fig. 12B), mount
face to face in the projector,

The rear shutter shown in Fig. 13 is equipped with curved
fins which cause an air stream to pass away from the film aper-
ture and back through the lamphouse, thereby keeping the film
cool,

\.

Fig.114 Film path in a Simplex E7 Projector.

Perhaps the most delicate part of the entire projector is the
intermittent, which causes the film to be pulled down one frame at
a time, This must move successively in steps into a new position
with an accuracy of .0001 inch. This means that the individual
parts of the intermittent must be machined to a closer tolerance
than this. Fig. 14 is an illustration of the intermittent oper-
ation. The star, labeled A, is directly connected to the inter-
mittent sprocket. While the cam (B) is rotating for three-
quarters of one complete revolution, the star is locked rigidly
in place by the curved track labeled C on the cam., In the re-
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maining one-quarter revolution, the pin P engages the slot in the
star and causes it to rotate. The star begins to rotate slowly,
comes up to maximum speed, in the position shown in Fig., 14B, and
the rotation is then decelerated as the pin P leaves the groove
or slot in the star. The star is now locked rigidly in place
while a second frame of the motion picture film is being rotated.
Thus, for each complete revolution of the cam, the film is being
transported for one-fourth of the time and held steadily in front
of the film gate for the remaining three-quarters of the period.

a

Fig.118 Automatic ‘ire shutter safety trip and upper drive
sprocket.

The smooth motion of the intermittent in starting and stopping the
film reduces wear and tear on the film, and the accurate locking
of the intermittent during projection increases the steadiness of
the picture. Fig. 15 is a cutaway view of .the intermittent mech-
anism during the interval of moving the film from one position to
another. .

A film passes through the sound head over several constant
speed sprockets equipped with idlers, and steady motion of the
film at the point of scanning is insured by a rotary stabilizer
previously described, A generous use of flywheels connected to
the constant speed sprockets is sometimes substituted for the
rotary stabilizer.
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Schematic diagrams of two types of scanners are shown in
Fig. 16. In the first type, an image of an air slit approxi-
mately .001 inch wide is focused on the sound track of the film.
Light passing through the film is picked up by a photoelectric
cell, In Fig. 16B, an enlarged optical image of a portion of the
sound track is focused on a shield containing an adjustable slit.
This has the advantage that the effective width of the slit can be
greatly reduced with reasonable mechanical dimensions. Fig, 17 is
a pictorial representation of the operation of Fig. 16B.

Fig.t2 Film gate and film guide.

When the sound is recorded iun push-pull, two film tracks are
employed side by side. To reproduce sound from this type of film,
a double photocell is employed and connected to a push-pull ampli-
fier, The light beam is split and passed through the two sound
tracks either by using a split mask or a system of prisms.

The sound is recorded upon the film in several ways. The
density of the negative can be varied according to the audio fre-
quency amplitude present in the recorder, or the width of the
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sound track can be varied., The Western Electric system of re-
cording uses variable demsity, while the RCA system of recording
.uses variable width sound track, To reduce the noise due to dirt
and scratches on the film in the variable width method, a portion
of the sound track which is unused for low intensity sound is
blocked out in the film. This has the effect of adding a very low
frequency component on the order of 3 or 4 cycles, but it is not
objectionable because the audio amplifier in the reproducing sys-
tem will not pass these low frequencies.

Fig.13 Rear shutter in a Simplex E7 Projector.

Either the variable density or the variable width method may
be employed in push-pull; that is, the sound track is split in
half and two recordings are made. In the case of variable density
recording, as the width of the line is increased in ome half of
the sound track, it is diminished in the other. In the case of
variable density recording, a dark portion of ome sound track will
lie opposite a corresponding light portion of the other sound

17




track. Push-pull recording in general reduces noise due to film
scratches and the like, and reduces the amplitude distortion in
the photoelectric cells and audio amplifiers,

Fig.14 Intermittent star and cam,

Fig. 18 shows a photograph of a variable density recording;
a variable width recording; and a variable width recording where
the unused portions of the sound track are blanked out to reduce
noise during the low passages.

Fig.15 Cut-away view of intermittent mechanism,

3. OPERATION AND MAINTENANCE OF PROJECTION EQUIPMENT. The
first step in operating the motion picture projector is to thread
the machine, The reel itself is placed in the upper magazine and
if it has been correctly spooled, the film, in passing through the
projector, will be upside down with the emulsion side of the film
toward the lamphouse. Looking from the lamphouse or toward the
emulsion side of the film, the sound track will be on the right
hand side of the film. In threading the machine, it is necessary
to leave a loop of film between the upper drive sprocket and the
aperture plate. This is necessary because the film passes through
the aperture plate in jerks, one frame at a time; whereas, the
upper drive sprocket advances the film continuously. The upper
loop must be just large enough to take up the differential motion
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of the film, The size of the loop is usually determined by the
experience of the operator.

To find out just how much loop should be allowed, it is
necessary to thread the machine and rotate the flywheel which
causes the film to move in its normal fashion, but at greatly
reduced speed. The intermittent motion of the film is absorbed by
the loop,and the size of the loop is diminished until most of the
slack is taken up as the frame of the picture is advanced. Some
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Fig.16 alternative systems of sound track scanning.

operators prefer to allow rather large loops, but they should, of
course, not be made so large that they would touch the upper or
lower fire shields. Between the intermittent and the lower con-
stant speed drive sprocket, another loop of film must be allowed
in order to translate the intermittent motion of the film back to
a constant speed of travel. The statements applying to the mini-
mum and maximum size of the upper film loop apply equally well to
the lower film loop. Between the lowest sprocket of the projec-
tor mechanism and the constant speed sprocket in the sound head,
a small amount of play is allowed in the .film,

For perfect synchronization between the picture and the ac-
companying sound, the frame which is threaded in the sound head
must be exactly 20 frames ahead of the frame occupying the pro-
jection aperture. This location is not especially critical and
one or two frames one way or the other is difficult to notice in
the sound. It simply gives the illusion that the observer is sit-
ting a little closer or a little further away from the scene than
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he actually is. In order to get perfect synchronization, most
standard films have a diamond mark on the film leader, 20 frames
ahead of the start frame. If the projector is correctly threaded,
when the start frame is over the projection aperture, the diamond
will lie opposite the scanning aperture in the sound head. In the
case of sound on discs, if the starting frame is over the projec-
tion aperture, the needle on the sound disc should lie opposite
the synchronization mark.

Fig.17 Pictorial sketch of sound track scanning.

After the film has been threaded, the douser should be closed
while striking the arc so that particles of hot carbon will not
damage the condensing lenses, The carbons are advanced manually
until the arc is struck, and they are then moved back immediately
to a normal operating position. A little experience will enable
the operator to determine just how much spacing between the car-
bons should be allowed on a particular type of arc. When the arc
is running, the motion picture operator starts the machine on a
cue a few seconds before time for the film to flash on the screen.
The fire shutter should open automatically when the projector
comes up to speed, and as soon as the starting frame of the film
passes the projector aperture, the douser is raised and the pic-
ture is on the screen, In case the showing is a test, the pro-
jection lens is focused and the position of the arc carbons are
adjusted for maximum resolution and brilliance of the picture on
the screen. These adjustments need not be made during the actual
performance,
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Films are received from the film exchange in 1,000 foot
reels. During the inspection by the projectionist, these films
are normally spliced inte 2,000 foot lemgths and re-wound on the
2,000 foot reels which are part of the projection equipment. If
the motion picture consists of more than one reel; and any feature
length picture consists of several reels; the second projector is
loaded and the arc started. When the reel of the first projector
is nearly exhausted, the operator must be on the alert for the
motor start cue. This cue consists of a black dot in the upper
right hand corner of the picture. If this portion of the picture
represents a dark scene so that the spot would not be visible, or
difficult to distinguish, the dot will be surrounded with a thin
white line. The dot lasts for four frames and is located four
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Fig.18 Sound tracks.

feet and six frames from the end of the reel. This allows the
projectionist eight seconds to start projector number two and
bring it up to speed. As projector number two comes up to speed,
the projectionist must now watch for the changeover cue. This is
a black dot similar to the motor start cue, but it is located 22
frames from the end of the reel. This allows the operator approx-
imately one-half second to make the changeover from one projector
to the other. This is done by raising the douser on projector
number 2 and dropping the douser on projector number 1. The sound
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must be switched from projector 1 to projector 2 at the same time,

As soon as a reel has been finished and removed from the
machine, it is immediately rewound before being placed in the film
storage cabinet. Film should not be out of this cabinet longer
than is absolutely necessary and no reels should ever be removed
unless they are beins inspected, projected, or rewound.

The film exchanges are responsible for supplying the pro-
Jectionist with film in good condition, clean and ready for show-
ing. idowever, the projectionist must inspect each reel of film
before loading the machine with it, This is done by unwinding it
and passing the film over a sround glass with incandescent illum-
ination from the underside.

Fig.19 Hand re-winder.

Motor operated rewinds are to be preferred since they can be
set up to rewind the film at a slow rate of speed, If hand re-
winders are used, the general tendency is for the operator to
rewind the film too rapidly, which puts unnecessary stress on the
film, particularly if the rewinding spindles are neot perfectly in
line. A simple hand rewinder is shown in Fig. 19. The film
should be rewound at the rate of 1,000 feet in six minutes. In
inspecting the film on the rewinder, all splices should be in-
spected to see if they are tight; not too bulky to pass over the
sprockets in good shape; and that the sprocket holes are correctly
aligned. Portions of the film containing broken sprocket holes or
tears in the film should be cut out and the remainder of the film
spliced together. (il or dirt on the film should Le carefully
removed, since this spoils resolution and introduces noise into
the sound.

If excellent motion pictures are required, the projector must
have considerable care. The tension in the upper magazine and the
tension of the belt driving the takeup reel must be frequently
inspected to make sure that the film is operated at just enough
tension to prevent it from buckling up, but not enough to cause
excessive strain on the film. The path of the film through the
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projector should be inspected every day to make sure there is no
accumulation of emulsion from the film on various sprockets or
idling rollers, and particularly in the film gate. A collection
of dirt or emulsion will cause scratches on the film or may even
cause the film to jump the sprocket teeth and 