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CHAPTER I
INTRODUCTION

Television, as a means of entertainment and a source of income is rapidly becoming as
important as the present sound broad casting. To many men who have seen television grow
and who have been instrumental in this growth, this is regarded as a natural development. A
medium which utilizes two senses (sight and sound) is certain to offer more to the observer
than if one sense alone is utilized,

TELECON

Fig. 1.
Television receivers
in current production

FARNSWORTH

Television receivers are available in either console or table models. Several units of each
are illustrated in Fig. 1. The larger receivers, which retail up to $2,500 (with an average
price of around $1,200) possess a larger receiving screen and better designed circuits. In
this, both the present sound receivers and the television receivers are comparable. The smaller
television sets, the table models, market at an average price of $250. In general their screens
are no larger than 10 inches in diameter and many are designed solely for television 1eception.
Almost all the larger models have provision for receiving the standard A.M. frequencies while
many also include F-M and short-wave. As we shall see when television receiver circuits are



analyzed, the reception of the other frequencies involves merely the addition of a simple tuner
for each. These tuners, in conjunction with the circuits already existing in the television set
itself, provide a complete unit. Not only does this represent a saving for the consumer, but

it also makes for a neater and more compact arrangement,

In approaching a television receiver, we find our attention immediately directed toward
the viewing screen. Everything within the receiver is designed with but one idea, to make the
image as faithful a reproduction of the original scene as possible. It would seem therefore,
that the best place to begin a study of television is with the image itself. From the observers
viewpoint, the screen should possess the following properties:

1. Be capable of reproducing the scene with sufficient detail to give the appearance of
a smooth, continuous texture,

2, As with the movies, no flicker must be observable,

3. The image should be bright enough to permit viewing without any dimming of the
light normally used to illuminate a room.

4. A large size screen that will permit comfortable viewing by 7 to 10 people,

5.. ' A contrast range of the screen which is sufficiently wide to produce an image which
will rnot have a dull or flat appearance.

The foregoing features are readily obtainable with present-day equipment. However, in
order to fully appreciate some of the problems involved in obtaining these properties, let
us examine carefully the present form of the television receiving and transmitting equipment.

Television Cameras

At the television broadcasting studio, a camera focuses the light from the scene onto a
photosensitive plate. The plate converts the light into an equivalent electrical charge from
which a series of electrical pulses can be obtained. These pulses, in conjunction with the
proper synchronizing voltages constitute the video signal. The total video signal, after it has
been sufficiently amplified, is made to modulate a carrier in the same fashion as a sound wave.
This, then, is the television signal as it reaches the receiver. A block diagram of a television
receiver is shown in Fig. 2. In many respects it may be compared to the sound superheterodyne.
Thus, if we look across the center of the diagram, we see the usual r.f., mixer oscillator,
and i.f. stages, detector and video amplifiers.

However, there are many additional stages which are specifically required because of
the difference in audio and video signals. Into this category fall such stages as the pulse
clipper, pulse separator, and horizontal and vertical saw-tooth generators. In the main, these
additional circuits deal with the synchronizing pulses and their function of keeping the receiver
in step with the received signal.

In sound broadcasting, the microphone receives the spoken sound and converts it into an
equivalent electrical impulse. The problem, in television, is to take the scenes that we desire
to transmit and likewise transform it into an equivalent electrical signal. Basically, we re-
quire some device which will act as an agent between the incoming light rays and the resultant
electrical currents, This is the function of the television camera. See Fig. 3. The light rays
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from the scene are focused by the camera lens onto a photosensitive surface, known as a mosaic.
The mosaic, which is placed inside the evacuated camera tube, consists of a mica plate with one
face coated with a photosensitive layer of a caesium-silver compound. This side is turned toward
the light. The rays, reaching the mosaic, impart sufficient energy to the sensitive coating to
force the emission of secondary electrons. Furthermore, the number of electrons which are
given off are directly dependent upon the intensity of the light rays at any particular area. Thus,
the resulting charge distribution on the moxaic plate will be identical in all respects to the

light distribution throughout the scene.

The construction of the mosaic plate is such that each globule of caesium-silver compound
does not come into contact with any other globule, Hence, when one globule loses several elec~
trons due to the incident light, we may consider, in this simplified analysis, that it does not, in
in any way, influence the charge of any other globule. On the reverse side of the mosaic there
is one continuous conducting sheet., From this sheet, connection is made to the camera load
resistor. The voltage developed across this resistor (R in Fig. 3) due to the pulsesof current
flowing through it represents the video signal.

Returning to the mosaic, we see that due to its construction it consists essentially of a
series of condensers with mica as the dielectric. All the condensers have one common plate,
the backside of the mosaic. The fact that one plate is common to all does not, in any way,
invalidate the condenser action.

The first step in the conversion of the light rays into equivalent electrical currents has
now been accomplished. There is a charge distribution which 1s equivalent to the incident
light rays. There remains the second and final step--that of converting the various charges into
corresponding electrical currents.




It is not only necessary to convert
COLLECTOR ANODE the charge into currents, but, some regular
method must also be decided upon with
which to scan the image. In transmitting
a scene it would be highly impractical to
send all the image charges simultaneously
SCANNING BEAM Decause this would involve the use of
many circuits, However, if we dissect the
image in a series of narrow strips and
then send the information in each strip
in an orderly manner, then we can utilize
but one circuit. At the transmitter the
scene is broken down in the proper number
of strips or lines and then reformed at
the receiver,
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In order to convert the mosaic charges

SIGNAL 1000 V into currents, a narrow electron beam is
(ACCELERATING formed within the tube and directed at the
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mosaic plate. The beam starts at the upper
left-hand corner of the mosaic and, under
the influence of deflecting voltages, slowly

Fig. 3. travels horizontally across the plate, At

each globule, the beam releases enough

electrons to make up for the deficiency caused by the incident light rays. This neutralization
releases an equivalent charge on the reverse side of the mosaic and flow of current takes place.
The current passes throught the load resistor; R, and develops a voltage., This is the video
voltage and it is fedtoa series of amplifiers to bring it to the proper amplitude.

The beam continues to move across the mosaic until it reaches the extreme right-hand
side. This completes the scanning of one line. In order to place the beam in position for the
next line, it is quickly brought back to the left hand side of the mosaic again. Once in position,
the beam starts its slow motion toward the right. This sequence is repeated for as many times
as the image is broken down into, which, under present television standards, is 525.

It is readily seen that a close synchronization must be maintained between the motion
of the scanning beam in the camera tube with the motion of the electron beam in the receiver
image tube. Unless this is done it may very well happen that the bottom part of the scene will
appear at the top of the receiver screen. (This may be observed in any receiver by adjusting
the hold control until the receiver is no longer in synchronization with the incoming signal.)
To indicate to the receiving system the precise instants when the beam must swing over to the
left-hand side of the screen and when it must return from the bottom of the screen to the top,
synchronizing pulses are inserted into the video signal. With these the transmitter and
receiver can be locked in with each other. As long as the synchronization is maintained,
both pictures will be identical,

Image Scanning and Flicker: The process of scanning was touched on briefly because it was
more important to understand the general overall operation, The scanning sequence, however,
is not as simple as described for several reasons. First, there is the problem of flicker.
Whenever a set of related films are shown on a screen, the human eye is able to correlate
them and make their action appear continuous if the images follow each other fairly rapidly.
This is what happens in the movie theatre. Each individual film is itself stationary. However,




by showing all the related strips at a fairly rapid rate, it is possible to have the observer
believe that a continuous action is occuring. If the rate of presentation is steadily decreased,
a point is soon reached where the image from each film frame diminishes sufficiently in our
mind to make us aware that the action is not continuous. At this point we say that flicker is
evident, For optimum results in entertainment, no flicker must be discernible,

Among other things, the bandwidth that any television signal requires is a function of
the number of complete pictures (or frames) sent in one second. We shall see, as we become
more conversant with television, that anything which reduces the number of frames per
second, without introducing flicker, is desirable. Hence, if we could somehow find some other
system which would permit us to transmit the full 525 lines in fewer frames than 50,

a considerable and desirable saving in frequency space could be achieved. Such a method
has been found and is known as ‘‘interlaced scanning’’. Why this method is successful is due
to the ‘‘persistence of vision’’ phenomena of the human eye.

Whenever a light impulse reaches the eye, the impression that results does not immed-
iately disappear. How long the sensation remains, after the light itself has vanished, is a
function of the surrounding illumination and the intensity of the impulse. However, the im-
portant aspect is the retention of the light image in our mind’s eye after it has ceased to
exist. If a series of separate pulses of light reach our eyes sufficiently fast, the result, to us,
is the same as that produced by a steady unwavering light. In other words, we possess the
ability (if we wish to call it that) of holding the sensation produced by one impulse for some
small length of time after its energy has ceased to exist.

In the movies, the presentation of a picture is accomplished by projecting the image of
each individual frame onto the screen. Here again, a rate of 50 frames per second would be
required. However, by a clever device, only 24 frames are projected each second, yet no
flicker is evident, The method is quite simple. Instead of showing each frame once, it is
shown twice. This is done by holding the frame in place while a shutter passes over it,
monentarily blocking it off from the screen. After the shutter passes, the frame is once again
projected on the screen. Thus, while only 24 frames are actually used, to the observer they
appear as 48 because of the shutter action, At this rate there is no flicker.

In television, we can accomplish essentially the same effect by interlaced scanning.
Instead of scanning all the lines of an image successively, the image is first scanned using
every other line. After all the odd lines, for example, have been scanned, the remaining
ones (in this instance the even ones) are scanned. Thus, in a total of 525 lines, 262 1/2
are sent one time and the remaining 262 1/2 are sent the next time. Each set (which is
known as a field) requires 1/60 of a second, or both fields (which combine to form a frame)
need 2/60 of a second or 1/30 of a second. Hence, 30 complete frames are scanned in one
second. To the observer, however, there is the equivalent of 60 frames per second. Flicker
is totally absent.

We are now in a position to reconstruct the entire scanning procedure. The scanning
beam starts at the upper left-hand corner and travels horizontally until the end of the line is
reached. At this moment a blarking pulse appears which cuts off the beam from reaching the
screen. During this blanking interval, a syrchronizing pulse triggers the vertical deflection
oscillator and the beam is rapidly shifted into position for the next odd line. Note that the
intervening even line is omitted for the time being. The blanking voltage is now removed
and the scanning process starts anew., This sequence is repeated over and over again until
every odd line has been scanned. The beam is now at the botttom of the image.



At this point a longer blanking pulse is injected and the beam brought back to the top of the
image. Note that because each field contains 262 1/2 lines that the beam must be brought back
to the center of the screen, one line above the first line of the previous field. This is shown in
Fig. 4. From this position the beam then scans every other even line, or those lines which were
not scanned on the previous run. The use of the words odd and even is arbitrary. They merely
indicate the interlaced pattern. The important point to remember is that every other line is scan-
ned during any one field.

There is one point which has been omitted. This concerns the fact that in traveling from
left to right, the beam does so at a slight angle. This is also indicated in Fig. 4. The reason
for this is quite simple. By having the scanning beam travel at an angle from left to right, it
can be snapped back straight across during the retrace period and thus shifted readily into
position at the start of the next line. The retrace path is indicated by the broken dashed line.

START OF START OF In later lessons, the precise form
A /FlELD' t-;/ FIELD 2 of the synchronizing pulses will be stud-
ied, together with the method employed
to separate the vertical and horizontal
pulses,

SOLID LINES FOR

ACTUAL SCANNING The Video Signal

The method of combining the cam-
era detail, the synchronizing pulses and
the blanking voltage is shown is Fig. 5.
Two complete lines are indicated. Note
that the camera voltage occupies 75%
of the maximum possible amplitude
while the blanking and synchronizing
pulses require the remaining 25%.

At the end of each line, the voltage
D F rises sharply to the blanking level. This
EIT:EDOr 7 EEES)E/ cuts-off the electron beam, During this
period the synchronizing pulse is active
and swings the beam into position for
the following line. Once accomplished, the blanking voltage relinquishes control and the camera
detail again becomes active.

DOTTED LINES FOR
BEAM RETRACES

Fig. 4

The camera signal ranges from white to black, the latter naturally occuring at the level of
the blanking voltage. Black means the absence of all light and this, in turn, requires beam cut-
off. Hence, the blanking level is known as the black level. Since the synchronizing voltage extends
beyond this so-called black level, it is labeled as the blacker-than-black region. In terms of the
image, this has no significance.

The signal, as shown in Fig. 5, is in the same form which it uses to modulate the carrier.
The synchronizing pulses possess the most positive potential, while the brightest portions of
the image are represented by the most negative voltages. If we consider this signal, we note
that all the relative values are reversed. In other words, if the signal, in this form, were
applied to the grid of the cathode -ray tube, a reversed image (like a photographic negative)
would be obtained. At the grid, the brightest sections of the image must be represented by
the most positive voltages. The black region is obtained by current cut-off or driving the grid
sufficiently negative to stop the electron beam from reaching the screen. The video signal,
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in the form shown in Fig. 5, because of the reversal of values, is said to be in the negative
picture phase. The carrier is modulated by the video signal in this form and is transmitted
over the air. In the United States, all television transmission is in this negative phase. The
reasons for this particular choice will be investigated in a later section. In England, the
positive picture phase is used for modulating the carrier and thus they have positive picture
transmission.

Audio and Video Modulation:  Within the past 10 years frequency modulation, as a method
of transmission has become increasingly popular. It has been found, as far as sound is
concerned, that F-M results in superior reception and greater freedom from noise. Hence,
F-M is the mode of transmission for the audio portion of the television signal.

Due to these same characteristics, it was at first believed that F-M for the video
signal would likewise be desirable. This might have been true if the reflection of the higher
radio waves from surrounding objects (such as buildings, mountains, hills, etc. ) did not
occur as frequently as they do. The radio signal, when it leaves the transmitting antenna,
does not always reach the receiving antenna by the most direct route. This is especially true
in cities. The wave generally hits some steel structure and bounces (or reflects) off in
another direction. Hence, it is a common occurence for the same signal to reach the tele-
vision receiving antenna by several routes. Multipath reception, it has been experimentally
determined, proves far more troublesome when F-M is used. This not only affects the general
appearance of the image, but it also interferes with the synchronizing action. Hence, A-M
is used for the video portion of the television signal, while F-M is reserved for the audio
section,

It may be wondered why multipath reception of an F-M signal is so much more trouble-
some with the video than the audio signal. To understand this, let us consider the effect
of multipath reception on both the video and the audio signals. When the radio waves leave
the transmitting tower and, through reflection, arrive at the antenna from several different
paths, it causes the formation of voltages which are alike but which differ in phase from
each other. The latter difference, of course, arises from the varying lengths of each path
between the transmitter and receiver., If the paths taken by two signals in reaching an
antenna differ by half a wavelength, the two voltages will be out-of-phase and cancel com-
pletely. At other path length differences, less cancellation will occur. Since the human ear
is relatively insensitive to moderate phase differences between voltages, it is feasible to
employ F-M for the sound channel. Let us determine, however, what the effect is on the
video signal.
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The video voltages are traced out on the cathode-ray tube screen in the order of their
arrival. But if the same signal arrives at the receiver antenna at slightly different moments
(due to path difference) the visual result is two identical images slightly displaced from each
other., This phenomenon is known as ‘‘ghosts’’ and if pronounced can completely ruin the
observer’s enjoyment of the broadcast. Since F-M produces more distorted ghosts than A-M,
it was decided to use the latter as the method for transmitting the video signals,

Frequency Allocations

Until quite recently, there were many sections of the frequency spectrum which were
not definitely assigned by the Federal Communications Commission. Realizing that such
uncertainty was retarding development of equipment for these frequencies, the F.C.C, has
allocated all frequencies up to 30,000 MC to specific services. These are shown in Table I.
Of particular interest are the television frequencies. Between 44 to 88 mc., there are six
channels, each six megacycles wide. Since only black and white television can, under the
present systems, be transmitted in this bandwidth, the six channels are being used exclusively
for this form of image. Seven additional channels are situated between 174 and 216 mc.
Provision is made for the experimental color television transmissions in the frequencies from
480-920 mec. No fixed channels are designated here in order to permit complete freedom in
experimentation.

TABLE 1.
Frequency in Mc, United States Allocation
25.015-27.185 ' Government and non-gov. fixed and mobile (*) (1)
27.185-27.455 Scientific, industrial and medical (**)
27.455-28 Government and non-gov. fixed and mobile (*) (1)
28-29.700 Amateur
29.700-30 Government and non-gov. fixed and mobile (*) (1)
30-30.5 Government (2)
30.5-32 Non-government fixed and mobile (2) (3)
32-33 Government (2)
33-34 Non-government fixed and mobile (2) (3)
34-35 Government (2)
35-36 Non-government fixed and mobile (2) (3)
36-37 Government (2)
37-38 Non-government fixed and mobile (2) (3)
38-39 Government (2)
39-40 Non-government fixed and mobile (2) (3)
40-40.96 Government (2)
40.96-41 Scientific, industrial and medical
42-44 Non-government fixed and mobile (2) (4)
44-50 Television
50-54 Amateur
54-60 Television
60-66 Television
66--72 ' Television
72-76 Relay
76-82 Television
82 .88 Television



Frequency in Mc

88-108
108-112
112-118
118-122
122-132
132-144
144-148
148-152
152-162
162-174
174-180
180-186
186-192
192-198
198-204
'204-210
210-216
216-220
220.225
225-328.6
328.6-335.4
335.4-400
400-420
420-450
450-460
460-4170
470-480
480-920
920-940
940-960
960-1145
1145-1245
1245-1325
1325-13175
1375-1600
1600-1700
1700-1750
1750-2100
2100-2300
2301-2450
2450-21700
2700-2900
2900-3700
3700-3900
3900-4400
4400-5000
5000-5250
5250-5650

TABLE I (continued)

United States Allocation

Frequency Modulation

Government

Government

Airport control

Aero mobile primarily non-government
Government

Amateur

Government

Non-government fixed and mobile (5)
Government

Television and government
Television and government
Television fixed and mobile (6)
Television fixed and mobile (6)
Television fixed and mobile (6)
Television fixed and mobile (6)
Television fixed and mobile (6)
Government

Amateur

Military, and civil aviation channels
Glide path air navigation aids
Military, and civil aviation channels
Government, including radiosonde
Amateur and air navigation (7)
Non-government fixed and mobile (8)
Citizen’s radio

Facsimile broadcasting

Television

Experimental broadcast services
Fixed and experimental broadcasting (9)
Navigation aids

Amateur

Television relay

Non-government fixed and mobile including aero.
Government

Air navigation aids

Meterorological

Non-government fixed and mobile
Government

Amateur

Non-government fixed and mobile
Meterorological and air navigation aids
Naviagtion aids

Air navigation aids

Non-government fixed and mobile
Government

Instrument landing air navigation aids
Amateur



TABLE 1 (continued)

Frequency in Mec. United States Allocation
5650-7950 Non-governmert fixed and mobile
7050-8500 Government
8500-10,001 Government
10,000-10,500 Amateur
10,500-13,000 Non-government fixed and mobile
13,009-16,000 Government
16,009-18,000 Non-government fixed and mobile
18,000-21,000 Government
21,000-22,000 Amateur
22,000-26,009 Government
26,000-30,000 Non-government fixed and mobile
30,009 -up Experimental

Notes

(*)  Power to be limited internationally to 500 watts peak.

(**) All equipment to be adjusted and maintained as closely as possible to 27.320 Mec.

(1)  On the basis of an average channel width of 25 ke. in the band between 25 and
28 Mc. there will be 24 relay broadcast and geophysical channels, 12 channels for power,
petroleum and other industries requiring similar radio service, 10 provisional and experi-
mental channels, 7 aeronautical channels primarily for flight tests and flying schools, and
6 relay press and motion picture channels.

. (2) No change proposed in existing services between 30 ard 44 Mc. outside the
continental United States.

(3)  On the basis of an initial channel width of 40 kc. in the band between 30 and 40 Mec,
there will be 36 police channels, 29 channels for forestry and conservation (6 of them shared
#ith maritime mobile and another 6 shared with urban transit), 20 channels for general
highway mobile (for all types of service such as marine, land vehicles, aircraft, etc.; pending
tinal determination of the best method of operation these channels will be assigned on an ex-
perimental basis, with 12 channels assigned to development on a common carrier basis, 4
30ing to trucks and 4 going to buses, except inthose cases where it is shown that a different
listribution is more desirable,) 15 channels for fire, 11 for govern mental use, 7 for power,
Jetroleum and other industries requiring similar radio service, 6 for special emergency, 5
‘or maritime mobile and geophysical, 5 for urban transit, provisional and experimental,

3 for provisional and experimental, and 2 for provisional and experimental with anterna input
imited to 5 watts peak,

(4) On the basis of an average channel width initially of 40 ke. in the band between 42
ind 44 Mc. there will be 24 police channels, 20 general highway mobile channels (subject to the
same division as general highway mobile service in note 3), 5 maritime mobile and geophysical
*hannels, and 1 provisional and experimental channel.

(5)  On the basis of an average channel width of 60 ke, in the band between 152 and 162
Vic. there will be 60 channels for railroads, 36 channels for police, 24 channels for urban mobile
subject to the same division as general highway mobile service in notes 3 and 4 ) and for rural
subscriber and short-distance toll telephone, 12 for fire, 12 for relay broadcast, 8 for maritime
nobile, 6 for power, petroleum, and other industries requiring similar radio service, 4 for relay
ress, forestry, conservation and geophysical and 4 for provisional and experimental. Services
10w operating between 156 and 162 Mec. may continue temporarily on a non-interfering basis,

10



(6) Provision may be made for the operation of non-governmental fixed and mobile
services (such as police control and relay circuits, point-to-point, marine control circuits,
forestry fixed circuits, rural telephone, broadcast studio-to-transmitter links, railroad ter-
minal and yard operations) upon proper showing of need, and that such channels may be shared
on a mutually non-interfering basis.

(7) To be used temporarily for special air navigation aids. Band to be exclusively
amateur when no longer required for such aids, with amateur peak power meanwhile being
limited to 50 watts.,

(8) To be temporarily used for special air navigation aids and reserved for non-
government services wher: no longer required for such aids.

(9) May be used by low-power fixed point-to-point stations for such services as studio-
transmitter links, control circuits, ard police fixed facsimile circuits.

11



CHAPTER II
MECHANICAL SCANNING SYSTEMS

In the past few years we have heard less and less about mechanical television systems
and more and more about cathode-ray tubes. However, in the past year or so, color television
has jumped to the forefront and has received considerable publicity. Color television, in one of
its present forms, is partly electronic and partly mechanical in nature. For this reason, and
also because mechanical scanning systems are the oldest and simplest television systems, we
shall discuss them in this text.

The first idea for television transmission and reception was the nerve system. The
idea was to have a single photo cell for each element of the picture to be transmitted, to have
a wire going to an amplifier, ard thence to a light source. An amplifier, a light source, and a
wire is needed for each element of the pictures. Since this would require hundreds of thou-
sands of amplifiers, hundreds of thousands of wires, and hundreds of thousands of light sources,
the idea is obviously impractical. The oldest practical system of television can therefore be
stated to be the aperture disc system invented by Paul Nipkow over 52 years ago. The main
difference between his system and the previous ones was the idea of scanning. Instead of sending
all of the signals corresponding to all of the picture elements at one time, the picture was to be
dissected into its elements and the elements were to be transmitted ir: turn and then reassembled
at the receiver. This breaking down and reassembling of the picture must occur so rapidly that
the eye will not know it is happening., That is, the picture period must be less than the period
of persistance of vision of the eye. With this system, only one amplifier, one wire, and one
light source need be used.

It is obvious that if the signal which is transmitted is to produce an element of the image
at the receiver corresponding to the same element at the studio, the process of dissecting and
the process of integrating must be synchronous or in step with each other. If this were not the
case, the elements of the image at the receiver could easily be displaced from their proper
positions. Up to the present time the scanning system is the only one used in commercial tele-
vision and apparently only two systems of television have ever been invented which do not use
scanning. One of these systems is the nerve system described above, For this reason, the
invention of Paul Nipkow is still of the greatest importance, even though the aperture disc which
he used to perform the scanning function has been largely replaced by other and more efficient
scanning means.

Since the invention of the scanning disc, many thousands of arrangements have been con-
trived in an effort to increase the light efficiency of the television system. Most of these have
been found to be of little practical value and there was probably no higher mortality in the realm
of invention than in the field of television scanning systems., Through various combinations of
mirrors, prisms, and lenses, it can be truthfully said that the greatest advancement of all occurred
when the idea of projecting a whole line of the image at one time was developed. This is accom-
plished in the Scophony light valve. This light valve is used in conjunction with tiny mirror
drums which are less than an inch in diameter and are incorporated in what is known commerc-
ially as a beam converter. Probably the first demonstration of the superiority of high speed
mirror drums was incorporated in that television device known as the Mihaly-Traub system
which uses a combination of a mirror drum and a ring of stationary mirrors. By the use of such
systems, picture rasters 4 by 5 feet in size and so brilliant that they can be used in small
cinemas have been developed. Whether they will find application in the present black and white
system or the color television yet to come remains to be seen,

12



THE APERTURE DISC

The aperture disc was invented by Paul Nipkow in 1884 and in spite of its comparative
antiquity, its efficiency is greater than most other systems for the same number of lines. It
is also more economical to produce and these factors made it one of the most popular forms
of mechanical scanning. Since the invention of the aperture disc, there have been numerous
scanning devices invented, but its efficiency is only exceeded by a special mirrored system and
then when the speed of the motor is extremely high.

¥ | o |
A~ @D
P N N L]

C

Fig. 1. Fig. 2.

The scanning of the picture apperture is accomplished in the following manner. The hole at
the top of the picture aperture passes across the top of the aperture so that it sweeps out a line of
the picture. See Fig. 1. The holes are spaced exactly the same distance apart as the aperture is
wide, so that one hole is uncovered just as the other disappears on the opposite side. This hole
sweeps out its line in turn and so down the disc. When the last hole of the disc disappears, the top
hole repeats its former line and the cycle continues. If the disc were stopped at any one point, then
the light would be shining through one hole, or upon one element of the subject. Thus, the whole
line scan may be considered to be madeup of a whole series of these elementary circular areas,
each of which is exactly as wide as it is high. If the picture is square, the total number of picture
elements will be equal to the square of the number of lines, thus if we use a 45 line scanner, the
picture will have (45 x 45) or 2,025 elements. The definition of the square picture, therefore, will
increase as the square of the number of lines.

The ratio of the width of a picture to its height is called its aspect ratio. In most mech-
anical systems the aspect ratio is about 1 to 1. It has been found from actual experiment that
the width should be greater than the height for the best entertainment value, or rather for most
pleasing appearance. In modern television receivers, therefore, it is the practice to standardize
an aspect ratio of 4 to 3. If the number of lines is equal to 525 as has been declared the standard
in United States, by the Federal Communications Commission, then the total number of picture
elements will be 4/3 x 5252 or 334,167. To obtain the total frequency coverage required by the
television amplifier, we divide by 2 to obtain the number of cycles, because the greatest number
of contrasting elements would occur if each alternate element were black and white respectively.
Then we multiply by the number of pictures per second which has been standardized to 30 so that
the total frequency coverage required will be 30/2 x 334,167 or is equal to 5,012,505 cycles per sec-
ond down to about 15 cycles per second.

The aperture type scanning disc is usually constructed of a thin sheet of steel or aluminum
and rotated by a small synchronous motor. In the simple form of the disc, holes are arranged around
its outer edge in the form of a spiral. The holes are arranged evenly around the diameter, i.e., if
there are twenty-four holes, each is 150 from the other around the disc. If there are 45 holes, each

13



is 8° apart. The picture is assumed to be approximately square so that the height of the picture
would be equal to the linear distance between the holes. The holes should have a diameter equal

to the height divided by the number of holes. Thus, the dimension will be directly proportional

to the number of holes and to the radius of the disc, and the size of the holes will vary accordingly.

A 22/1000 diameter hole is considered standard size for a 17 inch diameter scanning disc,
though the holes at the transmitter may be a little smaller than this to increase the definition and
the holes of the receiver disc made larger to increase the amount of light on the image screen.
These processes are called underlap and overlap respectively. The size of the scanning holes
for larger or smaller discs may be developed proportionally. Thus, a 34 inch disc would use
34/17 x 22/1000 or 44/1000 inch holes. The radial distance between the holes is zero so that the
height of the picture is the number of holes times the diameter of each. Thus, the height of a
45 line picture on a 17 inch disc would be about 45 x 22/1000, or .99 inches.

The width of the picture will be seen to vary from the top to the
bottom of the picture because the holes are located on the radii and
naturally these must be closer together near the center of the circle
than near the rim. This is called the Keystone shape. Also, as the
scanning disc rotates, the holes will sweep out arcs rather than straight
Fig. 3 lines. Both these effects are of negligible importance because the

T size of the picture is kept small compared to the size of the disc.

The amount of light passing through the aperture decreases seriously with the number of scanning
lines employed, so that the aperture disc is satisfactory only up to 180 lines. When a large number
of lines (anything above 100 lines is a large number of lines for a scanning disc) are employed, the
disc must become quite large to accomodate such a large rumber of holes if the latter are of reason-
able diameter. It is obvious that the size of the hole cannot be decreased indefinitely for light con-
siderations, so that the size of the disc must increase. There is a limit, of course, to the size of

the disc which can be employed without making the apparatus so unwieldy that it becomes impractical.

It is obvious that the circuiar hole type of aperture is the cheapest to manufacture, but it
is considered by many television engineers to be inferior as far as definition is concerned as well
as evenness of illumination, The definition of the transmitted picture is strictly proportional to the
horizontal width of the scanning aperture. That is, the smzller the horizontal width, the greater
the definition of the picture. While it has been stated that an aperture can resolve a point only the
same size as itself, there is reason to believe that this is not strictly true. Apparently, slightly
greater definition can be achieved by the use of proper electrical circuits, Nevertheless, the res-
olution is still proportional to the size of the aperture. If the aperture is circular, then there will
be more light passing through its center than its edges. This unequal illumination of the line scan
tends to produce dark lines which run through the picture. To overcome both these difficulties,
some manufacturers used a rectangle aperture which may be either square or oblong. If the width
is less than the ‘length, then the horizontal definition will be much greater than the vertical definition
of the picture.

900 WATT LAMP
SILVERED CONDENSING LENS PROJECTION LENS 7
REFLECTOR -
o — - ———— g
-1 -~ -
- —— — 5 /_,.é- oo
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— SCANNING DISC BEADED "SCREEN
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Fig. 4.
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The advantages other than an economy in the manufacture of a disc with a smaller number of
apertures is questionable. When an aperture disc is used, light from the source must obviously
cover the whole picture raster in spite of the fact that only a small fraction of it is actually being used
at one time. I the source is small, then a lens must be used together with a diffusing screen so
that light may cover the masking aperture., Obviously, such an arrangement is extremely inefficient
from the source standpoint. A modified version of the aperture disc uses more than one spiral and
a moving aperture, which is geared to the motor. Thus, the hcles of the disc may be made larger
and more light can pass through. The gearing arrangement necessary to move the aperture usually
is sufficient to condemn it on practical grounds. Economically, the device is more expensive. Mech-
anically, it is more complex and backlash troubles alone are very serious. Another modification
is the aperture drum which has little, if anything, in the way of an advantage over the disc. In
fact, the problem of lining up and centering is much more complex. The distortion of the picture
raster does not assume the usuzl Keystone shape, but a characteristic distortion does occur. The
drum, like the disc, must be accurately centered, and this is usually done dynamically. This disc
is mounted on its shaft and the motor is started. The flanges which maintain the disc in its proper
position are slightly loosened and the disc is lightly tapped on the rim until balance is achieved.

The motor is then stopped, and the flanges are tightened up. In the case of the drum there are
two bearings, and thus, two flanges. The drum has one advantage, and that is it allows a much small-

er scanner than would be required if a disc were used. The allowable tolerance in the scanning
hole spacing, diameter, etc., is quite small, and therefore an original disc is quite expensive to
manufacture. Once the jig has been made, however, the cost becomes quite reasonable. This
accuracy is characieristic of any mechanical scanning system. The mounting of the various mir-
rors and mirror drums, etc., must be done with a minimum amount of errors.

Before we depart from aperture disc scanners, let us discuss
methods of scanning briefly, It was in the practice in the past of
English manufacturers to have the picture line scanned vertically
and the frame scanned horizontally, while the United States and
Germany, the reverse was true. The present day practice is to line
scan horizontally and the frame is scanned vertically. The first of
these is called the direct scanning method, and the second the indirect
or flying spot method.

In the first case, an image is formed ot ihe subject by a lens in the plane of the aperture disc and

a photo cell is placed on the side opposite. In the second case a strong source of light is placed
behind the disc and an objective lens in front of it so that the subject is scanned by moving s spot

of light. Photo cells in large reflectors are placed so that light is reflected from the subject to them.
If all of the placements of the elements of both systems were the same and the elements the same
size, the effeciency would be the same. However, this is not the case usually and the indirect

method is to be preferred by far. It has the disadvantage of being applicable only to small scenes

or views, such as the head and shoulders of a person, while the direct method can scan whole scenes.
For the higher number of lines, however, the flying spot method is the only one which can be used,
because the amount of light passing through the photo cell in the case of the direct method is so
small that only a few electrons are caused to flow in the circuit.

Fig. 5.

In working out the layout of a television system we can find the required parameters and
distances by the application of relatively simple formulae. To illustrate this, let us take the fol-
lowing example. Suppose that we have a 45 line, 34 inch scanning disc at our television transmitter.
We have to scan an area of 20 x 20 inches and the throw distance is to be 36 inches. It is required
to find the distance between the.cobjective lens and the scanning disc, and also the focal length of
the lens required.
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We must first find the height of the picture at the scanning disc. As the picture hole dia-
meter is 22/1000 for a 17 inch disc, the height of the picture will be 2 x 22/1000 x 45 or 1.98 inches.
Magnification of the system is equal to the length of the image divided by the length of the object.
Taking the latter to be 2 inches, the magnification will be 20/2 or 10. We also know, however,
that the magnification is equal to the image distance divided by the object distance so that length
of the lens can be found from the formula:

11 1
UtV F
1,1 1
36 36 F

F = % 3/11 inches

Suppose that we had available a glow lamp which produced an area of light 1/16 of an inch
in diameter. If a lens disc equipped with lenses having a focal length of 3 inches were used and it
was placed 4 inches from the glow crater, what would be the throw distance of the system? What
would be the width of the line appearing on the screen?

1,11

UV F
Source of light equals 1/16 inch diameter.
Focal length of lens equals 3 inches.
Distance from source to light equals 4 inches

_l+1_=1_ F =3 inches
U v ¥ I] = 4 inches
" = distance from lens to screen

Substituting: 1 1 1 1 1 1 1

3*VvV:-3 V.34 °17

V =12 inches
Magnification: M= vy _12 3; 5 x3 = = inches width of line on scieen
U 4 © 16 L FEER



X PARABCLCIMERSS Many television engineers had been
’\i@‘ + PHOTO-ELEC. CELL pretty well convinced that the aperture
N disc had outlived its usefulness when they

CONDENSER LENSES SHELD oo recrion LENS ] were confronted at television exhibitiors
ol : in Berlin in 1936 and 1937 with a 375 line
~AOE=== == —[_"]} = film scanner. Even the construction of
' - 7 such a disc had been considered out of the
ReFLecToR -3 ' question, but there it was doing its job

D
= %/ even better than many of the modern pic-
&P~ PHOTO-ELEC. CELL

Q’, ture pick-up devices, Dr. Moller, the
PARABOLIC MIRROR famous German: engineer who had done

so much in the field of mechanical scan-

ning, has stated that the aperture disc is
superior to any other system if it is remembered that it can pick up practically any type of scene with
little differentation. The pictures given by such a disc are said to be almost perfect in definition
and contrast. One of the main difficulties, other than light inefficiency due to the small holes, has
been the power required to drive the large disc and also the difficulty with dust getting into the
apertures. As the disc is only to be used at the transmitter, then methods can be used which
otherwise would be unsuitable, One of these methods which has proven quite satisfactory is to
enclose the disc in a partially evacuated chamber. This immediately does away with both of the
difficulties mentioned. From these remarks you may gather that the King aperture disc has been
by no means completely deposed. In the realm of transmission, at least, we can look forward to
aperture disc scanning for some time to come,

~

Fig. ©o.

Some years ago a rather novel form of television scanner was developed by the late C, Francis
Jenkins. See Fig. 7. Prisms were arranged in a circle near the edge of a scanning disc and each
of them was ground so that the light would be refracted to a different degree. Thus, as the disc
revolved, light from a point source could be made to scan a screen in the usual manner. The de-
vice was very soon supplanted by the more economical lens disc. The cost of actually grinding
these prisms, mounting them, etc., was extremely high.

e The apertures of a scanning disc
- ~ may be replaced by simple double con-
- vex lenses which are fitted into sockets
- around the periphery of the disc. The
- size of the lens makes the disc diameter
o required much larger, but this type of
~ . 20" scanner has the advantage of not requir-

ing an objective lens, nor a large source
of light, and thereby its practicability is
~— quite great. Amazing is the fact that its
MOTOR ~ efficiency is no greater than that of the
- 2 ~~ aperture disc. This, of course, is due to
~— the fact that either a point source or an
~_t aperture is required so that the lens may
38" form an image of this source or aperture
on the screen. The only change as far as
the system is concerned, other than the
advantages mentioned above, is that the
lens is moving and the aperture is stat-
ionary; in the former case the aperture
Fig. 7. was moving and the lens was stationary.
The lenses must be accurately fitted in
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their sockets, and this is more difficult a problem than would at first be supposed, as the lens is quite
fragile. The usual practice is to drill a hole slightly smaller than the lens right through so that a
rim will be formed. The lens is then inserted, and a ring may be placed over the lens.
Small screws may then be used to hold
. qoeron PR the ring in pliace, or the lenses may sim-
LENS NS proTO cEwL , ply be peenec in place. The lerses in

7 \ \\‘
élg@ \O: / @ % P Bt Q ) the lens disc are not displaced by the
) a

é : s [ diameter of the lens along the radius, but
Fi [ ) ) ] :
M%%ﬁ#;m }sc \ / . only by an amount equal to the spot dia-
AND ASSECTATED
EQUIPMENT

CONDENSE|
LE!

R

e meter. Thus, the spots formed on the

translucent screen wili just touch one an-

other sideways as there must be some met-

al between them to act as a support.

There is a very definite limit therefore

to the size of the lenses which can be used
Fig 8. in a disc of a given diameter. They are

usually as large as is practicable so that a maximum amount of light will be gathered from the point

source.

SYNCHRONOUS
MOTOR

Film Scanning

A small type of lens disc receiver was manufactured in quite a large quantity in 1932 by the
Western Television Corporation. This system used a 45-line triple interlaced lens disc of 8 inches
diameter. A small (about 3 inches in diameter) synchronous motor was used to turn at 900 R P.M.,
or to form 15 pictures per second. A small argon arc discharge tube was used which furnished an
almost black and white picture, approximately
4 x 5 inches, on the translucent screen., A super-
heterodyne receiver was incorporated, and it was
one of the first successful really comn =rcial
receivers. Many of them were sold in the vicinity
of Chicago where they picked up quite good pic-
tures from the transmitter of W9XAO. This
model was called the ‘‘Visionette’’ receiver and
a little later a slightly different model having a
screen size of about 6 x 6 i/2 inches was put on
the market which used the same type of scanning
disc as the visionette but larger (19 1/2 inches),
The lenses in the larger receiver were 1/2 inch
in diameter, while those in the visionette model
were 4/5 inches in diameter. Lenses car be ar-
ranged in a drum much in the same manner as
apertures, but the same difficulties apply to lens drums as those which apply to the aperture drums.
Thus, lens drums are little used except in combination with mirror drums. One of the first to use
this idea was John Baird and he called it the ‘‘optical lever principle’’. The only present day com-
pany to use this principle is the Scophony Company which utilizes it in their lens drum film scanner.

Vibrating Mirrors

Many inventors have suggested the use of vibrating mirrors to effect the line and frame
scanning. Up to the present time such devices have proven to be failures The main reason for
this is that oscillating masses tend to vibrate sinusoidally which is, of course, not satisfactory
for television purposes. Furthermore, at the high vibration rates required for the line scanning
of the now standard picture, extreme difficulties were experienced in obtaining even a workable
design. A problem presents itself in the design of driving means for the oscillating mirror. At
high frequencies this is a real difficulty, especially if the deflection is to be anything other than
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sinusoidal. Mirrors that would be useful for
this purpose must be very small in size, con-
sequently, the light efficiency must be small
unless the aperature of the system is placed
near the scanning mirror. If this is done, the
compactness of the system is largely destroyed
For this reason, no commercial receivers have
been designed which use this principle and at
the present time the idea seems to have been
completely discarded,

The Mirror Drum

There are several arrangements of mir-
ror drums which are used in television scan-
ning sysiems. In one of these a single mirror
is used in which the mirrors are slightly tilted
to vary  in degrees arourd the periphery.
This tilt is called the cant of the mirror and by
reason of the cant and the revolution of the drum
both horizontal and vertical scans occur sim-
ultaneously. Alternatively, two mirror drums
may be used, one which turns at a slow speed

for the frame scan, while the other turns at a high speed for the line scan. Neither of these drums
reed be canted. It is evident that when two scanners are used in combination, they must be either

geared or belted so that they will run sytchronously. It has been the experience of television eng-
ineers that such methods are rather difficalt to achieve practically. It is extremely difficult to use

gear systems for television purposes

It is even more d:fficult to use belted systems due to the slip-

page of the belt. Arother method is to use two synchronous motors, one for each of the drums, but,
of course, this has obvious disadvantages. The efficiency of the mirror drum is greater than the

aperture or lens disc arrangements, as long as the line number is kept below about 50 lines. Above
this line number the other systen: : are more efficient. The mirror drum, however, has definite ad-
vantages at the television receiver in spite of the fact that it has been totally abandoned at the trans-
mitting-end. This advantage will be okvious upon inspection of Figure 12. Compactness of the tele-
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vision receiver is essential and this is the chief ad-
vantage that the mirror drum has to offer. By suit-
N\ able arrangement of lens system, so that the latter
PN is vetween the drum and the light valve, definite ec-
/ \\ onomies in space are effected. Surface mirrors are,
‘\ of course, to be preferred; but in actual practice, they
/ \\ are not widely used because the surfaces are extremely
difficult to maintain untarnished, For this reason, sil-
ver back glass mirrors or polished metal are usually
used.
\

The cant of the mirrors used in a single drum
T system must be very carefully adjusted so that the
\ \ ,,’ ™ lines in the picture are equally spaced. It is difficult,
> § O \ indeed, to do this directly on a jig, so the final adjust-
//{\\ /  ment is usually left until the drum is mounted in place

\§‘</ N~ 7 and the lines can be seen on the screen, The mirror
AN is slowly turned by hand and the portion where each
7 light trace strikes the screen is marked. Any mirrors

which are out of place can thus be easily detected. The
mirrors are usually mounted on tabs which can be bent

Fig. 13. slightly, or mounted with screws so that their tilt or
cant can be easily changed.

Another simple method of using mirrors in a television scanning system is to place them in
a disc instead of lenses. The light in this case will be reflected from the disc rather than passing
through'it, as in the case of the lens disc. Some difficulties are usually encountered in the latter
by reason of the chromatic and spherical aberration, to say nothing of the other distortions., In the
case of the mirror disc, however, chromatic aberration is automatically eliminated, which is a
decided advantagc. The method of mounting these concave mirrors into a disc is quite an interesting
one. The holes in the disc are usually drilled smaller than the mirrors themsgelves. The latter
are then cooled by application of liquid air or prolonged exposure to dry ice (solid carbon dioxide),
They then contract to a size smaller than the
diameter of the holes in the disc, and may be
inserted. When they regain the normal temperature
they become so tightly wedged that they may be
said to have become an almost integral part of
the disc. Either plane or concave mirrors may be
used, depending upon the associated optical system.
It is usually more efficient to use concave mirrors
because convergence and reflection is then ob-
tained with but a single optical device.

When we consider the scanning of a screen
by a mirror, we must remember that the spot
moves across the screen twice as fast as the mir-

. ror turns. This is simply due to the fact that the
angle of incidence of the light must be equal to the angle of reflection. For instance, if the light
falls upon the mirror normally, then it will be reflected back exactly the opposite direction along
the normal plane to the surface. If the mirror surface is in practically the same plane as the in-
cident light, then it will be practically unreflected. Thus, if the mirror is rotated through an angle
of 900, then the reflected light will be rotated through an angle of 180°,

This fact is of much value in mechanical scanning systems. When these systems are designed,
of course, the mirrors should be arranged so that the light falls upon them at nearly normal incidence
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as possible. This will keep the losses within reasonable limits. In some set-ups, however, con-
siderable deviation from this rule occurs. One of the instances where the rule cannot be used

is in the receiver of the Mihaly-Traub type. Here the arrangement of the parts must allow a
rather compact design. For this reason, a certain amount of light loss must be tolerated, and an
actual angle of 379 is used. As the incidence of the light to the scanning mirror varies with its
movement, the amount of light reflected must also vary. This tends to result in an unequal illumin-
ation of the screen, the edges being dimmer than the center portion. To overcome this fault, the
stationary mirrors of the line scan arrangement in the Mihaly-Traub system are but half the width
of the mirrors used on the rotating drum. This insures adequate illumination of the stationary

mirrors at all times.

The curvature of the lines of the various scanning systems varies considerable. We have
seen that the lines are really arcs of circles in the case of the aperture scanning discs. In the
case of the simple mirror drum, which uses canted mirrors to produce the frame deflection, the
curvature will obviously change with the position of the line in the picture. The center line of the
frame usually has no tilt whatever, while the mirrors corresponding to the top and bottom lines
are tilted equally but in opposite directions. By this means the curvature of the lines is kept
small,

We have seen that the efficiency of a single mirror drum scanner is inferior to the aperture
disc when a reasonable number of lines are used. In an effort to get more and more light on the
screen, the area of each scanning mirror was increased, but it was found that to obtain a reasonable
illumination of the screen enormously large scanning drums had to be used. These were obviously
impractical for television receiver use. The first great advancement was due to Mihaly who
used a single double-faced mirror rotating inside a ring of smaller mirrors. Thus, the scanning
angle was multiplied without increasing the size of the mirrors. As the amount of light falling
on the screen is proportional to the solid angle formed by the scanning movements, then the
illumination of the screen must increase with a larger angle. Traub later modified this
system by using only a portion of the stationary ring of mirrors, but increasing the number
of mirrors that rotated. The mirrors in the stationary sector are canted to provide the frame
sweep, just as in the Mihaly system, but the number of mirrors used can be greatly reduced.

For instance, if a 100 line system is desired in the original Mihaly system, 100 mirrors
would be required. If, in the Traub modification 5 involving mirrors were used at the center,
then only 20 (100/5) mirrors need be used in the ring. This, of course, is a very great ad-
vantage; not only is the loss reduced, but the device is more economical to construct and
easier to maintain, '

If two mirror drums are used, one which produces the frame scan and the other the line
scan, a certain independence of speed of rotation of the drums is gained. For instance, if but

Fig. 15. Fig. 16.

21



R a single drum is used both for frame and
line scanning, then there must be as many

7 N VA o a mirrors on the drum as there are to be
(@ ‘J i {Lr T T,VH] lines on the picture, Furthermore, the
Q ) & /f / uTo period of rotation of the drums must be
e f equal to the frame period of the picture.
/} Thus, if a picture is to reproduce 100

lines at 30 {rames per second, then the
drum must have 100 mirrors and rotate

T,’JT“’!’"I]‘Q—:* //7 at a speed of 30 revolutions per second,
i :'il«n;\' i or 1,800 R.P.M. If, however, two drums
'J_L_i-l-l_f\«-“/’“"’ . are used (this is called the cross drum
!L,l T e \__@. system) this is no longer true, The frame
e T scan drum may contain 5 mirrors and if

there are to be 30 frames per second, then
it need rotate but 30/5 or 6 revolutions
per second. The frame scan drum is us-
Fig. 17. ually placed between the line scan drum
and the screen, and as the former has such
a few mirrors, they can be guite large so that a large amount of light can be transmitted to the screen.
Now, as the line scaun>r need no longer perform the frame scan as well, it can rotate several times
during one frame. Thus, the nummber of mirrors required for a given number of lines will be de
creased proportionally, For instance, in the first case we needed 100 mirrors for 100 lines, In
the case of the cross drum arrangement we can use 20 mirrors and rotate the drum 5 times as fast.
Now the fuct is, the faster we rotate the lire scan drum the greater the amount of light that will pass
to the screen, -0 that in modern mechanical scanning systems this speed may easily be 13,097 R.P.M.
Vith the increase ir light given by the high speed scanning, it has been found possible to reduce the
size of thc mirrors materially. Some of these mirror drurms are but 1 to 2 cm. in diameter, and
thus, they can be mude from a =olid piece of glass which is not only strong enough to withstand
the large centrifu;;al forces, but also may be arranged so accurately that they never require further
adjustmen®, The statiorary mirrors can also be mude from one piece of highly polished metal so
that they too need have no further adjustment after they have once been set up, I the Mihaly-Traub
television receiver made by the International Television Company, a 9 sided rotating mirror is
used together with 5 stationary mirrors. This rotating drum turns 9 times per frame so that 405
lines are produced. The picture size is approximately 20 x 16 inches, and the zpparent illumination
of the screen is about 5 lux,

If the light through the scanning system
of the receiver described above is parallel, the

lines traced out on the screen will be uniformly
curved upwards as shown in Fig. 18. If, however
- e S the light is convergent through the system, a
Sl I Lo e distortion termed ‘‘trapezoid error’’ will be ob-
LT iy served. See Fiy. 19, This distortion gets its
' ] e name from the fact that each five lines of the
S raster forms a type of trapezium shaped fig-
| | ure. Both these distortions can be eliminated
by using an aperturegafter the line scanner so

that only a straight portion of the scar is allowed
to pass through on to the frame scar ner and
Fig. 18. Fig. 19. ther.ce to the screen, We should mention that if
the light is divergent the effects are similar to
that shown when it is convergent through the
scanner except that the trapezium is reversed.
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Fig. 20. Mihaly-Traub Receivers. At left, plan of
big screen receiver. At right, plan of home receiver.

Even if the curvature of the lines of the picture is eliminated by either optical means or aper-
ture selection, the image field will still be curved. This is due to the fact that the focal distance from
the frame or slow drum scanner is constant irrespective of its position, and therefore the focal point
will travel across the arc of a circle rather than in a straight line, If the slow drum is near the
screen and the scanning angle is correspondingly large, then the curvature of the field may become
so great that the definition at the sides of the picture may become unsatisfactory. Furthermore,
the greater the scanning anzle, the less will be the depth of focus of the scanniiig system so that the
curvature of field will become even more serious. It is therefore necessary to keep the slow drum
just as far from the screen as feasible, Of course this will correspondingly decrease the efficiercy
of the system, and this is one of the many cases where definitiorn: and light efficiency require con-
tradictory conditions. In the small home receiver, the slow drum is placed at the top of the cabinet
while in the large screen receiver, where the drum is of quite large dimensions, it is usually placed
lower than the rest of the system.

A novel arrangement originated in Germany some years ago is the mirror screw. See Fig. 21.
This is quite a unique arrangement using flat plates with their edges silvered, and turned about a
vertical axis so that they take on the appearance which is characteristic of their name. The original
flat element mirror screw had the immediate disadvantage of a large viewing distance. This, of
course, is not compatible with the requirements of 4 television receiver. In an effort to cut down
this viewing distance the inventor modified his original design so that the element mirrors were
concave rather than plane. This did materially decrease the viewing distance required, but it has
been found that ironically enough the mirror screw must be viewed at such distances that the highest
definition of the picture it forms cannot be resolved by the eye at that distance. In other words, it
is not possible to use the definition achieved by such ar arrangment. This factor together with that
disadvantuge common to all simple mirror arrangements of becoming inferior to the aperture disc
at about 50 lines has condemned this device to the television apparatus museum. Notice from the
diagrams that the mirror screw requires a long light source. In fact, a light source as long as it-
self, unless condensing lenses are used. Due to the manifest advantages of a point source of light,
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Mirror Screw Scanner

Fig. 21.

while the crater type gas discharge tube is used for the lens disc arrangement.
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the condensing lens usually is used, but naturally
the losses of reflection and absorption occur,

The efficiency of the various scanning sys-
tems is listed in Table 2. It should be kept in mind
that the values given depend upon identical appar-

ing used. In practice, this assumption will
not hold water, because if such proportions

were used, the device would become impractical
for either reasons of expense or light efficiency.

tance, in the table, the aperture disc is listed
ng the same efficiency as the lens disc, as we

have pointed out before. This would entail the use of

source of light for the aperture disc having

the same intrinsic brilliancy as a point source of
light would in the case where a lens disc was used,
This obviously never occurs in practice. The in-

brilliancy of the point source is many times
than that of the large sources of light. This
realized at once when it is remembered that
plate glow lamp is used for the aperture disc
Also even if the

crater lamp is used for the aperture disc, only a small portion of the surface is of value

at any one time, whereas in the case of the lens disc all of the light is used all of the time.

Table 2.

You

Characteristics of Mechanical

Optical Scanning Systems.

. lf o
I SSc;Sntrg:]g | Light Output in Lumens = Lux for 1 m? Picture ]
[ 120 lines | 240 lines | B D | t [plalk
L "‘—:1;" bt A & ST BT S T == ge 0. a4 R
! Aperture Disc _l n.7 0.045 80,500 | 190 | 0.1 | 1 2
| Mirror Drum ' 0.004 | 0.00765 | 80,000, 100 0.1 |1
! Double Mirror 1.6 0.018 so,nonf‘ 50 0.1 | 4
. Drum
- : - t —t——t —
Mihaly-Traub 0.78 0.0012 81,000 10 0.1 {1 30

. —
3 Mirror Screw
, 10163 0 = .

Real Image 0.002 0.000163 | 80,000 | r=5 | 0.1 2 )
| Lens Disc 0 0.n45 80,000 | 100 | 0.1 2
, Multiplying 28 0.18 80,000 50 | 0.1 | 4 2
! Lens Drum l 1

2

B = Brightness, always in candles/cm
D = Effective diameter of scanning member
K = Picture ratio, K = L/W.
N = Number of elements. N =
k = Aperture ratio or f/number of objective

p = Number of revolutions of scanning member to
effect one complete picture scan. This is the
so-called speed factor.
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will see also that when a crater lamp is used with an aperture disc a magnifying lens and a diffusing
screen must be used as well, and naturally losses are encountered.

It will be self-evident that the number of mirrors and lenses in any optical system must be
kept to a minimum so that the light losses will not be too exhorbitant. The mechanical scanning
systems are no exception to the rule, and it is a fact that many otherwise excellent scanning sys-
tems are useless, because of all the amount of light from the source at the receiver, only a fraction
of 1 percent can possibly emerge and be used at the screen. It is obvious that really well corrected
lenses cannot be used for most mechanical television systems. Highly corrected objective system s
have a relatively enormous loss and thus it is usually recommended that doublets corrected for
chromatic and spherical aberration alone should be used on the most important ground of light effic-
iency. When reflectors have to be used at large angles of incidence, it is necessary to use the
total reflection occuring at the inside face of a prism. .Vhile the latter is by far a more expensive
device, the expense is more than counter-balanced by the efficiency gain. The greatest single loss
in the mechanical systems occurs at the light valve. Light valves usually have an efficiency of but 10%..

Motors and Synchronizing

The synchronizing of mechanical systems is a great deal more complex than that which we
have studied in regard to cathode-ray systems. The main reason for this complexity is due to the
fact that the mechanical scanner has inertia, and therefore considerable power must be used to pull
and then lock into step the scanning elements. It is interesting to note here that when the Scophony
Company first used their commercial television outfits to receive a picture transmitted by an icon-
oscope, there was considerable difficulty in synchronizing the two. The iconoscope sweep circuits
would slow up, then run fast und vary intermittently. With the cathode-ray tube, of course where the
scanning means have no inertia, it follows'the synchronizing pulses of the transmitter with greater
accuracy. Such irregularities however, were extremely difficult to allow or compensate for in the
mechanical system. It was not until the spontaneous changes in the iconoscope were eliminated that
good pictures could be obtained from the mechanical receiver.
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The synchronization of two aperture discs is one of the oldest problems in the television art.
In the 1890’s it was suggested that synchronous motors running from the same power line should be
used. Thus, the discs would run isochronously, and to make them run synchronously it would only
be necessary to turn the motor with respect to its mounting so that the discs would be brought into
frame. Such an arrangement is an extremely simple one. It was used in the old A.T.L. television

- outfit, which utilized small hundredth horse power synchronous motors running on 100 volts, 60 cycles

A.C. When broadcasting of the television signals is to occur over quite a great distance, then it may
be difficult to obtain the same power line as that actuating the transmitter. The frequency may be
just a trifle below or above that at the transmitting end, and difficulties will therefore occur. For
these and other reasons, the early television receivers used to use a variable speed electric motor.
By adjusting a resistor in the motor field, its speed could be varied so that the picture would be
running isochronously with the transmitter and framing could then be easily accomplished. Such an

Fig. 22.
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Discs in Isochronism (same speed)

arrangement is not desirable because the picture is
usually either slipping a frame or two so that the device
requires almost constant attention. Synchronizing pul-
ses were then transmitted over the air with the picture
signals and these pulses were separated from the latter
at the receiver, amplified and then applied to a synchro-
nizing device.

A synchronizing device that was used in the days
of mechanical television consisted of an electro magnet
energized by the receiving circuit and placed beside
a slotted copper disc and mounted on the shaft of the
scanning motor. The latter was arranged to run slightly
fast, and when the synchronizing pulses passed through
the electromagnet, it exerted a drag on the copper disc
due to the eddy currents set up therein. When the motor
was slowed down to the proper speed and was in syn-
chronism, then the slot would be in front of the elec-

but not synchronized (picture out tromagnet pole when the impulse arrived, and so, of
of frame) course, the pulse had no action on the motor whatever.
. . . In this way the motor would attempt to speed up after
Fig. 23. The illustration above
shgws that while you ma; have each pulse, but would be pulled back into step at the
transmitter and receiver scanning end of each line. If the wandering was kept small, then
discs revolving in step, the pic- the device could be kept in fairly good synchronism.

ture may still be out of frame.

Another device consisted of a small tooth wheel arrangement which worked something after the style of

induction motor. While this accomplished syncrhonism, it had the disadvantage of requiring extra amp-
lifying stages and a considerable amount of power. Furthermore, it added to the expense and bulk of the
receiving apparatus. It is, however, one of the most suitable methods of synchronizing a mechanical

receiver.
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Fig. 24.

When synchronous motors are used to drive the transmitter and
the receiver of the television system, they will most certainly be in
step, but it is unlikely that the receiver will be properly framed. That
is, the scanning velocity will be the same, but any single hole in the
aperture disc at the transmitter will not correspond in position to that
same hole in the aperture disc at the receiver. For this reason, the
scanning motsr at the receiver is mounted so that it can be turned
within the supporting frame. When the picture is received, the motor
can quickly be turned so that the proper framing is accomplished. When
interlaced scanning is used, it is essential that the receiver be oper-
ating on the right spirial and therefore the same adjustment must be
made in this case as that outlined above. When synchronizing pulses
are transmitted with a picture signal, then it is usually the practice to

include frame signals as well as line scan signals, so that any further adjustment of the receiver is un-

necessary.

Before leaving the subject let us look at the considerations required to minimize a type of
picture distortion. The scanning means must be carefully designed to reduce the vibration to a min-
imum. Unpleasant distortion of the picture occurs if any part of the scanning disc or drum mirror system
is subject to appreciable vibration. For this reason the disc and its motor are very often suspended on
rubbor supports. Earlier attempts to reduce this vibration sometimes consisted of rubber connecting
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links between the disc and the motor. This was found to cause
oscillations of the disc about its driving shaft so it was later aban-
doned. The use of springs in this connection would fail for the same
reason, thus, the development of the so-called mechanical filter be-
tween the driving motor and its support described above.

Multi-Channel Television Systems

You will be familiar with the fact that enormously high fre-
quencies are generated by the television transmitter; also, quite
low ones are formed. It is obvious that to obtain a picture which
corresponds exactly to the subject, the amplifier must be capable

Tg__(_sg:_l;_lﬂ!i of passing equally the whole frequency range bctween these ex-

Fig. 25. tremes. This is a very serious problem in the design of amp-
Tooth wheel for lifiers, and in an effort to obviate this difficulty, the multi-channel
svachronizing. system was devised. In this system, elementary areas of the sub-

ject may be separately scanned by different scanning systems using
separate photo cells or a single scanning means may be used with several photo cells. Separate
amplifiers are attached to each of the photocells and separate lines from each of the amplifiersgo
to the glow lamps or light sources or valves at the receiver. A separate light source or valve must
be used for each channel, For instance, if ten channels are used, each having about 20 lines, then
each of the amplifiers need only pass one-tenth of the frequency band that would be required by a
television outfit using a single channel. Obviously, their design is a great deal simpler, yet a ras-
ter of 200 lines is secured,

Such a system was that embodied by U.S. Sanabria’s Television outfit built in 1933. It was
a 10 channel, 150-line affair having a lens equipped with 15 lenses and using 10 small photo cells.
The amplifiers used 65 tubes each making a total of 650 in all. At the receiver another 15 lens
disc was used with a special glow lamp about 30 inches long having 10 separate arc discharge
streams. The lenses were 7 inches in diameter and the whole disc about 44 inches in diameter.
Extremely brilliant pictures were exhibited in many large department stores and theaters through-
out the country. The device was extremely successful for show purposes as you can well imagine,
For home use, however, such a device would obviously be totally unsuitable, as the equipment is
said to occupy about a box car. The device gave pictures from 6 to 10 feet square. It used the
direct scanning system, which is more suitable when multi-channel arrangements are used.

F, .

‘Fig. 26. Prinriple of zone or multi-channel television.
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CHAPTER III
MECHANICAL SCANNING SYSTEMS II

In the previous section on Mechanical Scanning Systems, we dealt only very generally with
the various factors. We must know much more about the considerations involved in the design
of such systems before we are in a position to understand them. As the Nipkow disc is the old-
est form of scanning device, yet also one of the most efficient, we feel it will be of profit to study

it first.
The Aperture Disc

We have already discussed briefly the size of aperture used in a 45-line disc of various
dimensions, and also the fact that the scanned area is not square but keystone in shape. (See
Figure 1.) Let us put out calculations on a little more general basis. It is evident that only one
hole of the disc must be exposed at one time, the others being cut off by a suitable apertre.
Therefore, the distance between the apertures or the width of the picture will be equal to:

2r

W=

where r is the radius of the disc to the hole, and n is the number of lines. (In these examples
we will assume that the hole is circular.)

The distance of the holes from the center obviously
changes from hole to hole, so that the picture is wider at the
top than at the bottom. Further, it is bounded by an arc both
at the top and bottom so that the area swept out in scanning
takes the form of a keystone. As the holes are to be circular,
it is evident that the diameter of the hole must be equal to the
width of the picture divided bv the number of lines. As the
width varies from the top of the picture to the bottom, we must
use the mean width in calculating the size of the aperture. For

Circular hole instance, suppose that we have a 45-line disc which is 17 inches
in diameter. We will assume that the mean radius (radial dis-
tance from center of the disc to the center of the picture) to

. iy ' the scanning holes is 7 1/2 inches; the mean distance between
Fig. 1. “'Keystone Effect apertures will then be:

_2Tx171/2
W= g5

1.03 inches (approximately).

To find the diameter of the hole required, we must divide once more by the number of lines:

1.03
45

diameter

.022 inches (approximately).

The height of the picture will be the rumber of lines times the hole diameter because the holes
must scan out adjacent strips. Thus, for this disc the height of the picture will be 45 x .002 inches
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or 1.03 inches (the same as the mean width of the picture). Assuming that the radius at the top
of the picture is equal to approximately 8 inches, then the width will be:

2Tx 8
45

= about 1.1 inches

At the bottom of the picture the radius will be about 7 inches so that the width of the picture at
this point will be:

21Tx 7
S

= .92 inches (approximately).
Thus, by very simple calculations we can ascertain the value of the various elements concerned.

Let us assume that we wish to construct a 180-line, 36-inch scanning disc, and are required
to find the various parameters. As the radius of the disc is 18 inches, the mean radius will be
about 1 inch less than this or 17 inches. The mean width of the picture will therefore be:

27Tx 17
180

= .58 inches(approximately).

We find the diameter of the holes required by dividing once more by the number of lines, soO the
diameter equals:

.58
180

= .0032 inches (approximately).

This is a very small hole and the illumination of the spot on the screen must necessarily be small,
Notice how the diameter has decreased by increasing the number of lines from 45 to 180 even
though the diameter of the disc has been more than doubled. Now that the amount of light reaching
the screen is a function of the area of the aperture, and as this is equal to r2 where r is the radiur
of the hole, then the light transmitted obviously has been decreased enormously.

The height of the nicture is equal to the mean width, or, as calculated above, .58 inches.
The width of the picture at the top can be found when it is remembered that the radius at that point
is equal to the mean radius plus one-half the picture height, or 17 + .58/2, or 17.29 inches. The
width of the picture at the top will therefore be:

2TTx 17.29
8

= .59 inches (approximately).
The illumination afforded by a flat plate type neon glow lamp such as has been extensively

used in the past is but 1.5 lux. With from 30 to 45 lines, the picture formed with such a lamp is
acceptable under certain circumstances, but when the number of lines reaches 180 or more the
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light passing through the apertures becomes almost negligible. The amount of light passing through
the aperture must obviously be proportional to its area or d°/4. We have seen that the diameter

of the apertures used in a 45-line disc of 17-inches diameter is .022 inch. When 180 lines are used,
even though the size of the disc has been more than doubled, the hole is but .0032 inches. The
amount of light transmitted is therefore decreased, the ratio of light transmissions being (.02)2 to
(,003)2 or 4 to .09. Thus, the one system is about 44 times more efficient than the other.

The exact relationship between the various parameters of the scanning disc and the amount
of light which represents the picture is:

Light output (1 ) BDHC;
i output (lumens) =
€ P 4n4k2

where B is the brightness in candles per square cm. (stilb), D is the effective diameter of the scan-
ning disc in cms., C; is the transmission loss coefficient, n is the number of lines, and k is the
aperture ratio or the f-number of the system.

Calculating the efficiency or the light output of one of these systems is rather tedious, but
it is useful in many ways. Let us calculate the light output for the 45-line disc we have dis-
cussed above. In addition to the values already given, let us assume that an intense source of
light such as an arc is used which provides us with a brilliancy of 10,000 stilb, Also, that the
transmission coefficient is equal to .4 and that the f-number of the system is equal to 5. The
mean diameter or the effective diameter of the disc is equal to 15 inches or 37.5 cms.: There-
fore we substitute in the equation as follows:

8 x 10,000 x 37.52 x .4
4 x 45 x 52

Light output =

= 0.426 lumens (approximately).

Thus, if the picture is 1 meter square, the illumination would be 0.4 lux. However, the illumination
can be greatly increased by decreasing the size of the picture to say about 10 ¢ms. square., If this
were done then the area of the picture would be decreased about 100 times and therefore the illum-
ination would be increased about 100 times, or would be equal to 426 lux. In fact, such a value is
seldom approached in practice, because if an arc light is used the light valve necessary to mod-
ulate it would make the total loss coefficient less than .4.

On the other hand--if a modulated glow lamp was used, the brilliancy would not approach such a
high value as 10,000 stilb. The example does, however, serve to illustrate the efficiency that can
be expected with an aperture disc system.

Slotted disc Spiraled aperture disc (Hoxie disc)
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These calculations apply to both the sequential scanner and the interlaced scanner. The
order of scanning does not affect the optical efficiency. It does however materially affect flicker
of the picture. Various types of scanning are discussed in a following assignment on television
image characteristics. Interlacing requires the use of several spirals of holes none of which
completely scans the image. In the three-spiral disc used by A.T.L. in its early experimental
developments each of the spirals covers an angle of 1209, in other words extends around 1/3
of the disc’s circumference. A different type of multi-spiral disc which is not used for inter-
laced scanning but affects the disc size is that invented by Hoxie in 1924. This disc arrangement
simply consists of several spirals, each of which extends entirely around the disc (Fig. 2). Each
one of them, however, is displaced along the radius so that the disc must revolve several times
for one picture frame. The holes are displaced laterally by a distance equal to the picture width
just as in the case of the simple spiral discs. In order that light from only one hole strikes the
screen at one time, a defining aperture must be used with the disc to cut off all but one spiral.
This aperture can move up and down as the disc rotates. A variation of this arrangement is one
which used a slotted drum or disc. The light source is placed inside the drum or behind the
disc, and the slots allow light to fall upon only one aperture of the disc at one time. The size
of the scanning hole increases with the number of spirals. If there are three spirals or five
spirals, then the holes can be three or five times as great as those of the simple disc. The area
of the holes will then increase by a factor of 3“ or 52 or 9 and 25 respectively. As the light from
the source must now cover several spirals instead of one, however, there is no light efficiency
gained in spite of the increase in aperture size. The only advantage then, is that the disc size
can be reduced as the number of spirals is increased, i.e., if there are two spirals the disc will
be one half as large, if there are four spirals the disc will be one fourth as large. Schroter devel-
oped several devices which allowed all of the light to fall upon ore spiral when that sviral was be-
ing used, and thus gained light efficiency as well as disc size efficiency with a multi-spiral disc.
One of these devices utilized a cylindrical lens drum in conjunction with the multi-spiral disc. You
will remember that a cylindrical lens forms a line image of a point source. If the source has an
appreciable area, then an elongated rectangle of light will be formed by the lens. These lenses
were arranged in the drum so that the light would cover just one spiral of the scanning disc at
one time. Both the drum and the disc were run with synchronous motors. It has been found that
such a device becomes practically useless when more than 100 lines are required.

There are many different combinations of
scanning arrangements which use scanning discs
of one form or another as an integral part of their
construction. One of these devices which achieved
some importance was that used by Baird in his
so-called multi-mesh system. A combination of
slotted disc and a2 mirror drum was used; the for-
mer served to execute the frame scan while the
latter performed the line scan. In practice the
drum consisted of 20 mirrors which revolved at
a speed of 6,000 r.p.m., while the disc had 12 slots
and revolved at 500 r.p.m., (See Fig. 3). The
scanning was performed in a vertical direction
in contrast to the practice which had been adopted
in Germany and the United States of scanning in
the horizontal direction,

There is a definite advantage in using separate
Ty members for scanning the lines and the frames of the
picture, For instance, if an aperture disc and a mir-
ror drum are used for scanning, the number of holes
in the disc need no longer equal the number of lines
in the picture. (See Fig.4). If it is assumed that the
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Figure 4.

mirror drum performs the frame scanning while the disc performs the line scan (which must

be the case if an aperture disc is used in contrast to the condition if a slotted disc is used), then
the disc may revolve several times for each frame, For instance, if there are to be 100 lines in
the picture then a disc having but 10 holes could be used which revolves 10 times per frame. If
the number of holes in the disc is equal to q and the number of revolutions per frame is equal

to p, then pgq must always be equal to the number of lines in the picture. This is in marked con-
trast to the single spiral disc where q must equal the number of lines. In this way the size of the
disc may be materially reduced while the size of the apertures carn be appreciably enlarged. This
effects a considerable saving in space. power required, and light efficiency. It can be showr that
the light efficiency goes up at p2 so that a small high speed scanning disc for line scan purposes
has very definite advantages. It was the practice to use high speed discs in this manrer ard to
run them in an evacuated chamber. The latter practice both eliminates the possibility of dust
entering and obscuring the apertures as well as materially reducing the amount of power required
to drive the scanner at these speeds. A 4 foot aperture disc has been described which revolves

at 12,000 r.p.m. It was found that 2 horse power was required to drive the scanrer. Muc¢h smaller
scanners are the rule, however, and the power required decreases proportionally,

©
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Figure 5.

When films are to be transmitted, the movement of the film itself can constitute the frame
scan. Thus, an aperture disc having but a circle of holes can be used. (See Fig. 5.) With this
arrangement, just as in the case of using the ordinary type of frame scanner, the aperture disc can
be rotated at several times the frame speed with great advantages. This fits in very well with the
type of motion picture projector machines used ir. Europe in which the film does not move irter-
mittently, but continuously. When machines such as used in England and the United States are used,
the intermittent character of the film movemert requires some arrangement for frame scanning.

This may take one of various forms such as the multi-spiral disc or the combination of slotted discs,
etc,
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When either separate frame and line scanners are used or a film transmitter such as that
described is used, the driving means must be properly locked into step with one another. Further-
more, they must be capable of being controlled as one unit by synchronizing pulses. The use of
high speed scanners has very great advantages from several view points. From the angle of
driving means, however, the situation is very different. In Europe the standard frequency for
power lines is 50 cycles per second, while here in the United States it is 60 cycles per second.

A two-pole synchronous motor will revolve once per cycle so that at 50 cycles per second, the motoz
would revolve 3,000 r.p.m., while at 60 cycles per second it would revolve at 3,600 revolutions

per minute. When greater speeds are desired, it is usually necessary to use some frequency
multiplier device or a special type of gearing such as a Burn form of Watt silent gear. When the
multiplier is used, it entails additional apparatus, and when the gearing is used, special attention
must be paid to the design so that back lash or slippage does not occur. With gearing in particular
it is difficult to prevent the speed from oscillating about a certan point which of course, results

in the picture see-sawing back and forth across the frame. These difficulties had been, however,
largely overcome, and was possible to obtain very good pictures with dual scanning arrangements,

There are two methods of using the scanning disc at the transmitter. One of them is called
direct scanning while the other is called indirect scanning (Fig. 6), and while they have identical
efficiencies if the component parts are identical, there is a definite advantage in using the indirect
method whenever possible. The stages by which the light reaches the photo-cell from the source
may be tabulated as follows:

FLYING SPOT INDIRECT SCAN DIRECT SCAN
1. Light from arc crater Light from arc crater
2. First image in plane of scanner First image in plane of subject
3. Second image in plane of subject Reflection from subject
4, Reflection from subject Light reaches objective
5. Light reaches reflector Second image in plane of scanner
6. Light reaches photo-cell Light reaches photo=cell
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Now the difference in efficiency between these two systems lies in the fact that it is the amount
of light collected from the subject that is important. Thus, the greater the angle subtended by
the light gatherer at the subject, the greater will be the efficiency of the system, If the photo-
cell and reflector in the indirect systen were placed as far away as the objective lens in the
direct system and it had the same diameter, then the efficiencies would be the same, There is

a definite limit, however, to the distance at which the objective can be placed, and also to the
aperture of the objective. If the efficiency is to be reasonable in the indirect system, a very wide
aperture, short focal length objective must b e used so that the lens subtends a large angle at the
subject. Now it must be obvious that a reflector and a photo-cell can be made much larger and
placed much closer to the subject than can an objective lens. What is more, the cost would be
much less. Thus, in practice a reflector can subtend a much larger angle at the subject than

can any objective lens and therefore the indirect system is much more efficient. We can express
the ratio of the efficiencies of the two systems directly in terms of the solid angles that the two
types of light collectors subtend at the subject. These solid angles are proportional to the square
of the radius of the light gatherer and the square of the distance between it and the subject. Thus
if we denote the radius of the objective by r, the radius of the reflector by R, the distance of the
objective lens from the subject by 1 and the distance of the reflector by L, then the efficiency of
the indirect scan is to the efficiency of the direct scan as R2 L2 is to r2 12.

’

Let us take an example: Supposing that we have a reflector which is 8 inches in diameter
and placed 24 inches from the subject. Also, that our objective lens is 1 inch in diameter and
36 inches from the subject. The ratio of the efficiencies will then be:

R” 12 _ 2x2e? 28.425
212 T 524362 T 4O

Thus the advantage is extremely large.

Several years ago, before the caesium cell had reached such a high state of perfection, tele-
vision engineers were forced to build very large photo-electric cells to obtain reasonable output.
One of these ‘“monsters’’ was built by Dr. Lloyd P. Garner for U.A. Sanabria. It was over 16
inches in diameter. The cell was of the potassivm hydride type which had proven many times in
the past to be most satisfactory when a neon reproducer lamp is used. The combination of the color
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in the past to be most satisfactory when a neon reproducer lamp is used. The combination of the
color sensitivity of the potassium type of cell and the color response of the neon type of glow lamp
is such as to so counter balance that the proper tonal shading results. In fact when a neon glow
lamp was used the potassium type of cell rendered better tone value than a caesium cell, though
of course, it is inferior to the latter in sensitivity. The large type of photo-cell was of course
extremely efficient as far as the indirect scanning method was concerned. If the cell was placed
reasonably close to the subject, it is evident that a very large amount of light would be collected.
Owing to the enormous cost of such a cell, however, its manufacture has been discontinued.

We have discussed in a previous assignment the simple mirror drum whieh uses as many
mirrors as there are lines in the picture and which has the mirrors tilted so that they perform
both the line and frame scanning. The area of each mirror and therefore the size of the drum,
increase when we attempt to increase the efficiency of the system by passing more light through
it. An expression which allows us to calculate the efficiency of the mirror drum or rather allows
us to calculate the illumination of the screen of any given size when we know the various parameter:
of the system is that equation derived by Dr. Moller who is well known for his work in the televisior
field in Germany. This expression is:

1.6 x 105T2MC; B

L(lux) = 1b nd

where M equals area of each mirror on the drum, C; is the transmission coefficient of the system,
B is the brightness of the source, 1 is the length of the picture on the screen, b is the breadth of the
picture on the screen, and n is the number of lines in the picture.
—— Ring of Mirrors
-~ \\\/ ¢
/ Rotating \
Mirror

Figure 8.

Suppose that we wish to find the size of the mirrors required for a receiver in which the
minimum allowable illumination of the screen is 1.5 lux (if a ground glass translux screen is used
the apparent illumination will be about (Trx 1.5) or 4.5 lux. The brightness of the light source
is assumed to be 2,000 stilb, The transmission factor we can assume to be about .33. This low
figure is mainly due to the optical inefficiency of the light valve, In fact this value is a very fair
one as in many receivers it is much less. We will assume a picture length of 40 cms. and a
picture breadth of 30 cms. Then asTT is approximately equal to 10, we find that the area of
the mirror is equal to:

3/2 x 4/3 x n? x 900 x 1/1.6 x 10% x 10 x 1/3 x 2,000)

27n4

1.6 x 107
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Let us assume that the mirror is square, then the linear size of the mirror will be:

iv’g 12
4 x10

The circumference of the drum will be approximately equal to:

n x 3,3 n? _ 3v3 n3
4x103 ~ 4x103

As the diameter of the drum is equal to the circumference divided by 7r it will equal n3/2,500 cms.
Now if the picture is very low definition, say 30 lines, then the diameter of the drum will be:

3
—z—ggo—cms. or 10.8 cms. (Approx.)

This is a reasonable diameter if the drum rotates 25 times per second (25 frames per second) or
1,507 r.p.m., then a disc of 10.8 cms. will be quite within practicatkility.

If the number of lines is increased, however, an entirely different situation exists. Suppose that
we desire 100-line definition rather than 30, then the diameter of the drum becomes:

3
215%?) = 409 cms.

To even contemplate a four meter (over 12 feet) mirror drum rotating at 1,500 r.p.m., would be
utterly fantastic. Thus, it is seen that to achieve even a comparatively low brilliancy with reason-
able number of lines, the mirror drum is absolutely out of the question.

Suppose we look at the mirror drum problem from a slightly different angle. If we started
out by limiting the size of the mirror drum to a diameter of 20 cms., what would be the result ?
For the 100-line definition picture the drum will be 20/407 or 1/29 of its theoretical size in linear
dimensions, and the area of the rotating mirror M and therefore the illumination was as low as could
be tolerated, so naturally 1/400 of this value would be an impossible one. Now in the above cal-
culation, we assumed that the mirrors were square. This need not be the case, and an advantage
is gained if the mirrors are quite a bit longer than they are wide so that the drum is much longer
than its diameter. This is the arrangement used in the Scophony beam converter. However, to use
a simple mirror drum of this type is impractical as can be readily shown. For instance, the area
of the mirrors for 100-line definition (assuming the illumination stated above) must be:

27 x 108

1.6x 107

169 square cms.

Now let us assume that the drum is confined to a diameter of 20 cms. The circumference would be
about 60 cms. and therefore the mirror width would be 60/109 or .6 cms. Now comes the difficulty;
we have found that the area of the mirror must be 169 square cms. As the width is to be but .6 cms,
the mirrors must be 169/.6 = 282 cms. This immense length wouid make the mirror drum abso-
lutely impractical. If the mirror drum was restricted to a 20 cms. length then the necessary il-
lumination would be decreased to 1/14 of the proper value. From these examples we can see that a
much more complex arrangement must be used if a sufficient iJlumination is to reach the screen



with a mirror drum scanner of reasonable dimensions.

The first advancement in the way of overcoming the fundamental inefficiency of the mirror
drum was taken by Mihaly. He devised a system that in effect allowed the mirror drum to remain
stationary while a single mirror rotated. In practice his device took the form of a single mirror
rotating in the center of a ring of mirrors equal in number to the number of lines desired. The
ring mirrors are tilted so that the frame scan takes place just as the mirrors of the mirror drum
are tilted to perform the same function. Light on traveling through this system first strikes the
rotating mirror, then a stationary mirror, then the rotating mirror once again and finally to the
screen. It persues a W shape through the system. (See Fig. 8) As the light must fall obliquely
on the center mirror in a horizontal plane so as not to foul the ring mirrors before and after re-
flection, it is obvious that it must be larger than the ring mirrors. In practice it is about twice
as high and twice as wide. The cone of light which passes to the screen is limited in extent by
the smallest member of the scanning system. That is, the solid angle that is subtended by the
smallest mirror in the system at the screen determines the efficiency of the system. In the Mihaly
scanner the smallest mirror is located in the ring. The same equation applies to the Mihaly scanner
as to the normal mirror drum, so that to obtain the necessary illumination of the screen we must
once again have a mirror with an area of 169 square cms. for 100-line definition. As the limit is
set by the ring mirror, each of the ring mirrors must have an area of 169 square cms. Suppose
that they are twice as high as they are wide. The height will be 18.4 cms. and the width will be
9.2 cms. making the total circumference for the ring of 920 cms. (100 mirrors). This gives a
diameter of approximately 300 cms. This is a definite improvement but it is still way out of reason
with that which is required for a home receiver. As we have said before the central mirror must
be about twice the height of the ring mirrors, and if the latter are 18.4 cms. high, then the cen-
tral mirror must be 36.8 cms high. If it is twice the width also, it will be 18.4 cms. wide. As the
mirror rotates through one half the former value for the mirror drum, the speed is halved, that is,
it becomes 750 r.p.m. This factor is not prohibitive.

In the Mihaly system, the ring mirrors must be tilted so that the scan is performed in the
vertical as well as the horizontal direction. As there must be as many ring mirrors as there are
lines in the picture, the adjustment of these mirrors becomes a very exacting and tedious process.
For these several reasons the Mihaly scanner in its original form is really impractical for tele-
vision purposes. Traub has devised a modification of the Mihaly system which shows much greater
promise. He replaced the single two-sided mirror in the Mihaly system with a mirror drum contain.
ing from 5 to 10 mirrors. (See Figures 9 and 10.) Further, the ring mirrors were reduced so that
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Figure 9. Figure 10.

they were no longer around the entire circumference of a circle, but only occupied a portion of it.
Now the most obvious advantage of this system is that the ring mirrors need no longer equal the
number of lines in the picture. If they are to be 100 lines, then only the product of the number of
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mirrors on the rotating drum and the number of stationary mirrors need equal 100. In one arrange-
ment for instance, a 5-mirror rotating drum is used with 20 mirrors in the ring. In other words, if
the number of mirrors on the drum is equal to Ny and the number of mirrors in the ring is equal to
Nr, then Ng x Np = n  where n is the number of lines. When the formula is worked out for this
system it is found that it is similar in form to the formula for the simple mirror drum except that

a new factor of 4 is introduced. Thus, the system has four times the optical efficiency of the simple
mirror drum. It can be shown that while the diameter of the ring of mirrors in the Mihaly system

is obviously equal to the number of lines times the mirror width divided byTT, only half this diameter
need be used for the Traub system, and, of course, the whole circumference is not used (less than
one half). Also, the mirrors in the ring need not be one-half as wide. However, less than half the
ring is now required and as the circumference of the ring has been reduced by one-half, the overall
linear size of the system has been to (1/2)3 or 1/8 of the size of the Mihaly system. It has been
found that the drum mirrors must be twice as large as the ring mirrors if there is to be a uniform
scan all across the line. Therefore, in a 100-line system such as that considered a little earlier,

the drum mirrors would be 9.2 cms. wide and therefore the drum would be about 15 cms. in diameter.
As the drum must rotate once per picture, the speed of rotation will be 1,500 r.p.m.

Probably the greatest advance of all.in mirror drum systems took place when the functions
of the line and frame scanning were separated. In all of the mirror systems we have considered
up to this time, frame scanning took place because the line scanning mirrors were tilted. Now
we have seen in the consideration of aperture disc systems that there is a great advantage in using
separate scanners for the line and frame scans. So, when mirror drums are used a much more
efficient system can be arranged if one mirror system is used for performing the line scan and
the other for performing the frame scan. This is called a ‘‘crossed drum’’ scanner, and it can
be very profitably employed with a Mihaly-Traub arrangement. With this arrangement the number
of lines need no longer be equal to the product of the number of drum mirrors and the number of
ring mirrors. Thus, if there are to be 100 lines, the mirror drum performing the frame scan can
rotate say 5 times per frame, the number of ring mirrors would be reduced to 1/5 of the number
used previously. I the number of mirrors in the line scan arrangement is maintained the same,
their dimensions can be reduced to 1/5 of their former size. Suppose, for example, the number of
stationary mirrors in the 100-line scanning system previously considered is reduced to 4 and the
line scanndrum rotates 5 times for each frame; the dimensions of the ring mirrors now become
only 1.84 x .92 cms. while the mirrors on the drum are only 3.68 x 1.84 cms. The diameter of
the drum required therefore is reduced to only 3 cms. and us it is so small it can be made from
a solid piece of glass; therefore, when it is accurately made it need never be readjusted. The
choice of 405 lines as a standard for this type of mechanical receiver is particularly fortunate.

A 9 sided mirror drum is used with 5 stationary mirrors (See Fig. 11) so that to obtain 405 lines
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Figure 11, Figure 12.
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the mirror drum must rotate exactly 9 times per frame, because 9x5x9 = 405.

We have seen from the formulae that the illumination of the screen is directly dependent upon
the area of the mirrors. This is due to the fact that the illumination falling on the screen must nec-
essarily be a function of the solid angle that the mirrors subtend at the screen. If, however, the
light source could be imaged at the scanner, then obviously the size of the mirrors could be substan-
tially reduced. If the source is imaged at the scanner, however, no movement of the spot across
the screen occurs so that this method cannot be used under ordinary circumstances. A new type
of light valve using the Debye-Sears effect enables us to use this system, however. Thus, apart
from this light valve’s advantages it enables an increase in efficiency in the scanner itself. This
arrangement allows adequate brightness of the screen with almost any number of scanning lines.

It is interesting to compare the Mihaly-Traub system with ordinary crossed mirror drums.
We have seen in the above paragraph that a Mihaly system producing 405 lines must have itc high
speed scanner rotate 9 times per picture. If there are to be 1,500 pictures per minute (25 pictures
per second) than the high speed scanner must rotate at a speed of 9 x 1,500 or 13,500 r.p.m. How-
ever, a simple drum rotating at this speed would require 45 mirrors. Furthermore, the scanning
angle of the drum would be only half that of the Mihaly-Traub scanner. If a 9 sided simple mirror
drum was used it would have to rotate 45 x 1,500 or 67,500 r.p.m. The advantages of the latter
system are obvious. The frame scanner can be of much larger dimensions than the line scanner
because it is traveling at a much smaller speed. The larger size enables larger mirrors to be
used, and consequently the illumination of the screen is increased.

It has been determined that to obtain really adequate illumination of the screen with a mechan-
ical system the line scanner should revolve at not less than 20,000 r.p.m. Such speeds are easily
obtained when the rotating member is driven by air pressure or by some electrical means in which
bearings are not required. The diameter of the scanner must of course be kept small. It is estimated
that up to 12,000 r.p.m. the diameter must not exceed 10 cms.; for speeds up to 40,000 r.p.m. the
diameter should not exceed 5 cms.; and for speeds over 40,700 r.p.m., the diameter must be kept
down to 3 cms. In the Mihaly-Traub scanner described above the line mirror drum has a diameter
of 3 cms, and it rotates at 13,500 r.p.m. so that these requirements are quite within the realm of
practicability.

A lens must be used between the line scanner and the frame scanner so that an image will be
formed upon the screen. (See Fig. 12.) The lens must be between the scanners and not between the
slow drum and the screen because the size of the lens is limited. I it follows the slow drum, it
must cover the whole angle containing the widely divergent rays which pass to the screen. When
it is placed between the drums, the lens must not restrict the amount of light passing between them,
and therefore must be larger in diameter than the slow drum mirror. In many systems a 12-mirror
slow drum is used which has 6 cm. mirrors and the device rotates at 250 r.p.m. The illumination
of a screen 40 x 30 cms. when a Mihaly=Traub crossed drum scanner is used has been calculated
for various values. If a light source having a brilliancy of 2,000 stilb is used, and a transmission
facter of 1/3 is assumed, the other dimensions being the same as those mentioned above, the illum-
ination is 3 x this value or approximately 7.5 lux, This is usually considered adequate,

Intermediate Film Systems

A rather novel arrangement has come into quite wide popularity in Germany in the last few
years. This is called the intermediate film system and it is used both at the transmi tter and at
the receiver. (See Figure 13.) At the transmitter a moving picture camera takes photographs o
the scenes to be transmitted and the film is immediately developed and run through a special film
scanning arrangement and then the film is stripped, recoated with emulsion and fed once more to
the camera. Thus, a small amount of film can be used over and over again. In practice a complex
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arrangement of baths and dryers is used
together with a continuous length of film.
The very widest aperture lenses are used
in the motion picture camera to obtain good
contrast in the film so that it can be trans-
mitted satisfactorily. Usually aperture disc
scanners are used to perform the line scan
while the movement of the film itself per-
forms the frame scan. However, many var-
iations in the methods of scanning have been
used. One of the better known of these is
the Scophony film transmitter, At the rec-
eiver the same scanning arrangement is
used as at the transmitter. In this case
light from a powerful arc is used to scan
and therefore darken the film which is

then developed and the picture is thrown

on the screen by means of a conventional
type of projector. The intermediate film
transmitter is quite practical for nearly
every television use while the receiver is
only practical for theaters because its

large size prohibits its use in the home.
The main problem at the receiver is to
obtain satisfactory blackening of the neg-
ative, and much research has been done in
the way of developing super-sensitive films
which are suitable for rapid development.
When sound is to be transmitted as well

as pictures, it is obvious that the sound

must be delayed the same length of time as the pictures. The easiest way of accomplishing this is to
record the sound on the film just as is the practice with sound movies.

To get a clear picture of the manner in which the intermediate film receiver operates, let us
trace the motion of the film through one of these devices as illustrated in Fig. 14. The film passes
through the aperture gate B where it is scanned by the light originating at the arc A and passes
through the scanning disc, C. After it has been acted upon, it travels through the developing, fixing,
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Figure 14.

and washing baths placed at F. From

there it travels on through the projector
gate E and light originating at the second
arc D passes through the film and the pic-
ture is thrown on the viewing screen. From
E the film passes through the baths placed
at G which remove its emulsion, then
passes underneath the assembly where it

is dried and thence to I where it is recoated
with emulsion and ready for use once more.
It passes irom I back again to the aperture
gate B and the action goes on like before.
The illumination of the film will be similar
to that with the ordinary scanning disc ar-
rangement except that as the frame scan-
ning and the line scanning is performed



independently, the disc can be run at several times the usual speed. That is, the disc can rotate
several times per frame and the illumination will be increased accordingly. You will remember
from the previous paragraph that the illumination increases as the square of the number of rev-
olutions that the disc makes per frame.

Baird Film Transmitter

Let us look at the construction of the Baird film transmitter which is used commercially in
England at the present time. We can describe it as follows:

The film processing section consists of a tank divided into six compartments, each compart-
ment being used for one stage in processing the film. These compartments are: (1) developing;
(2) washing; (3) fixing; (4) washing; (5) scanning; and (6) outer jacket containing warm water to
maintain the developer and fixing compartments at the correct temperature.

The film drive, sprockets, motion picture camera, sound recording camera, and sound re-
producer head, are mounted on a framework which raises and lowers the film into the tank by
means of a pnuematic jack. This makes the operation of threading the film very simple.

The subject to be televised is photographed on 17.5 mm film (half standard 35 mm film) with
a motion picture camera of the intermittent type, mounted directly above the developing compart-
ment. The film passes through the camera at a rate of 46 feet per minute, the whole unit being o
driven by a synchronous motor running at 1,500 r.p.m. The film, coated with a rapid and sensitive
emulsion, after passing through the picture camera is fed to a sound recording camera situated
immediately below, where the sound track is recorded between the perforations and the edge of the
film. After leaving the recording camera, the film passes into the developer, is washed, after which
it is fixed. It is then finally washed and passes into the water-filled scanning compartment, where
it runs over a guide.

The complete operation takes only thirty seconds from taking the picture to transmission by
radio.

A beam of light from an automatic mirror arc lamp is focused through the window in the scan-
ning compartment onto the slit in the guide. The image of the moving film passing over the guide is
projected by the lamp on to the scanning unit through a combination of lenses. The scanning unit
consists of an encased scanning disc having a circular trace of sixty apertures. This disc revolves
at 6,000 r.p.m., i.e., four times every picture frame, so as to provide a 240-line picture dissection.
This high speed enables larger apertures to be used than would otherwise be possible, giving a mat-
erial increase in available light. The disc is driven by a water-cooled synchronous motor. Both
the motor and the disc are run in vacuum, the whole unit being evacuated by a single-stage pump with
a mercury contactor so arranged that it is impossible to start the disc until the vacuum is attained.

The water-cooling of the synchronous motor is linked up with the sprays in the washing compart-
ment, the supply being taken from the water mains. In the event of water failure, a water-cut-out
operating through a relay, breaks the electric supply to the disc motor before any possibility of
damage can occur. It is also impossible to start the scanning disc before the water is circulating
through the cooling system of the motor.

The Lens Disc S(_:gnner

The lens disc is one of the oldest forms of scanning devices, but it has almost vanished from
the television scene except in some types of receivers and various modifications which are used for
film scanning at the transmitter. If we assume that we have two systems, one a lens disc and the other
an aperture disc arrangement, then providing that all the conditions are identical the efficiencies of
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i€ two are identical. This sounds extremely strange at first until one realizes that under normal
circumstances the conditions under which the two are operated are not identical or anything like iden-
tical. For instance, when the lens disc is used at the receiver, a point source of light is used and an
image of this point source is projected onto the screen. The amount of light that passes from the

one source to the screen will depend upon the diameter, naturally, larger diameter--more light. Now
in the case of the aperture disc a light source large enough to cover the whole picture aperture must
be used. If it is not used then a lens system must be used which has sufficient magnification to fill
the picture aperture with light. If the source is as large as the picture aperture and as brilliant as
the point source used in the lens disc system, then obviously their efficiences will be the same. It

is usually impractical, however, to use such a large light source as would be required, so that

a condenser system must be used. Therefore a majority of the light, in fact all of the light filling
the aperture of the picture except that passing through the aperture is wasted. In the case of the

lens disc, however, all of the light emitted from the source within the angle subtended by the area

of the lens passes to the screen and therefore at the receiver the lens disc has very great advantages.
In the realm of low definition pictures it has a definite place, however, when the number of lines
increases up to 200 or 300 or more the lens disc must give way in efficiency to the high speed mirror

systems.

The various parameters of the lens disc are determined in much the same fashion as those
of the aperture disc. If 45 lenses are to be used, then they will be spaced 360/45 or 80 apart. They
will be displaced from one another along the radius by a distance equal to 21’1‘r/n2 where r is the
mean radius of the picture, and n is the number of lines. The lenses are made just as large as can
be accommodated by the disc employed. Naturally, the larger the disc the greater the size of the
lenses that can be used and the greater the efficiency of the system.
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A special type of lens disc receiver has been developed by A.T.I. for special use in theaters,
etc. The disc has a diameter of 24 inches and is equipped with 45 lenses each having a diameter of
1 1/4 inches. The rise between the lenses is .031 inches (the rise is the distance that each lens is
displaced from the other along the radius.) A modulated carbon dioxide crater type lamp is used

which produces substantially black and white pictures.

Various modifications of the lens disc have been employed in the past for scanning purposes.
One of these modifications is the lens drum which is analogous to the aperture drum and like it has
little advantage over the original arrangement,

A type of lens drum which is used in some film transmitters has, however, definite advantages.
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In this device the light passes through lenses in the drum twice, As the two lenses at the opposite
sides of the drum are traveling in opposite directions, the speed of the scan will be doubled. That

is, the efficiency will be similar to the case of a lens disc traveling at twice the speed. This is

the principle used by Baird in his so-called optical lever system. Now it must be evident that when
the lenses are at either the beginning or at the end of the scan so that they make quite an angle

with the light which passes through them, a lot .of the light which passes through the first lens will
not pass through the second, but will be cut off by the drum. To overcome this difficulty a so-called
field lens, F, (Figure 16) is placed at the center of the drum to make sure that all of the light

from the first lens will pass through the second lens. Now, however, we have the difficulty of dis-
tortion. We have seen in previous assignments that when light is incident on a simple spherical

lens the typical aberrations of the sky rays will show themselves. These aberrations are coma, as-
tigmatism, and curvature of field. The first two of these aberrations will cause blurring of the

spot automatically while the third aberration will simply cause the spot at the screen to be out of
focus in some positions. For instance, if you were inspecting the raster built up by such a scanner,
the lines would be found to be small in width and in focus at the center but quite wide, blurred and
fully out of focus at the sides of the picture. To overcome this difficulty a sphere of glass is

used rather than the usual type of lens, and the focal length of the lenses in the drum are arranged

so that they bring the light to a focus at the center of the sphere. (See Figure 17). This has been
found to overcome the difficulties described. In any lens scanner system the lenses in the drum or
in the disc form the final objective of the system. That is, these lenses form an image at the screen
or in the case of a film transmitter, at the film. When the optical lever system is used, the func-
tions of line and frame scanning must be separated as it has not been found practicable to stagger the
lenses in the drum to perform the frame scan. Advantage can be taken of this fact and the line scanner
can be rotated several times per picture. Just as in the case of the other types of scanners when this
principle is used, the efficiency of the system increases as the square of the number of revolutions
of the line scanner per picture. We have seen that the speed of scan is doubled by using the optical
lever principle so that the total efficiency is 2p2 times as great as the simple lens disc or aper-

ture disc. The symbol p refers to the number of times the line scanner rotates for each picture.
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Now let us summarize the efficiency of the various systems. We have seen that the light
output in lumens from an aperture disc scanner may be expressed as:

13BD2C;
4n3k2
Let us for brevity in comparison call this quantity A. Further, we have seen that the illumination

from a simple mirror drum can be written as:

1.6 x 10572MCB
TonZ

Let us for brevity call this expression M. Then we can list the efficiencies of the various other
systems in terms of these two oldest and most fundamental systems as follows:

Crossed mirrordrum . . . . . . . ., . . . 4M
Mihaly-Traub . . . . . . . . . . ... . . 2¢°M
Mihaly-Traub crossed drum . . . . . . 5 o @ q2p2M
Lens Disc. . . . . . 5 o o o o o & o o K&

2A
Combination of lens disc and mirror drum . . . . BT
Multiplying lens drum . . . . . . . . . . . 2p2A

2A
Aperture disc film transmitter . . . . . . . . PT
Multiplying lens drum film transmitter . . . . . 4p2A
Mihaly-Traub film transmitter . . . . . . . . 2q2p4M

In the above expressions p is equal to the number of revolutions of the line scanner per picture,
while q refers to the number of ring mirrors in the Mihaly-Traub system. You will notice that
when either the multiplying lens drum (the optical lever arrangement) or the Mihaly-Traub sys-
tem is used as a film transmitter, the efficiency is twice as great as when it is used in the normal
manner. The reason for this is that the film itself performs the frame scan, and so no loss of
light can occur simil=r to that occurring when a mirror drum is used for frame scanning. It is
estimated that one-half the light is lost at the frame scan or slow mirror drum. Therefore when
these systems are used as film scanners the efficiency is just doubled. Notice the gain in efficiency
when crossed drums are used with the Mihaly-Traub system. We feel it safe to say that the
greatest single advantage in mechanical scanning occurs when separate scanners are used for the
line and frame scans. The gain in light output over the older method is truly phenomenal.

There are two systems of scanning which we have not as yet mentioned because of their com-
parative unimportance. However, we feel that the reader should at least know what they are in
case they are mentioned. The first of these systems is called the split beam system and it con-

- sists of an arrangement of a simple mirror drum and a so-called beam splitting optical system.
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Suppose for instance, that we had a simple mirror drum suitable for : 0 line scanning, and then some
optical system was used to split up each of the 30 lines into 8 sections. Then the raster would con-
sist of 240 lines which is a comparatively high definition system. This arrangement has an apparent
efficiency of twice the square of the number of mirrors used to effect the splitting of the line scan.
In practice, however, it has been found that the device is inferior to even the simple crossed drum
mirror system, and consequently with such rivals as the Mihaly-Traub crossed drum system the
device has fallen into disuse. A variation of this system has been experimented with at A.T.I. A
mirror was used at the transmitter and receiver of an aperture disc system to cut the line scans in
half and reflect one-half of the line a short distance below the other half. In this way the apparent
definition of the picture was doubled, but the picture raster of course was only one-half as wide. A
cylindrical lens can be used to bring the raster back to its original shape, but if the definition of the
picture is to be consistent with the number of lines, the holes must be reduced to one-half of their
size and so no gain in optical efficiency actually results. For these reasons this experimentation
has been discontinued. In a previous assignment we have raentioned the concave mirror disc which
has several apparant advantages over the lens disc. Systems have been constructed which use the
concave mirror disc to perform the line scan and a mirror drum to perform the frame scan. One
of the fundamental disadvantages of the mirror disc is the fact that light should be incident upon and
reflected from the mirrors in the same straight line which of course is very difficult to accomplish
in practice. The reason that this should be so is self evident. If the light falls upon the mirror at
an oblique angle or is reflected from it at a very oblique angle, numerous distortions of the spot
will occur such as spherical aberration, coma, etc. Furthermore, the efficiency of the reflecting
surface seriously diminishes with the angle of incidence. In fact, we have mentioned before that
right angle prisms are used when a 45° reflector is required in most optical instruments. I it

is attempted to use only a small angle of incidence to the mirrors, it is very difficult to keep com-
ponents of the rest of the optical system from interfering with the cone of light fulling on the mirs
rors. Of course, this seriously limits the amount of light that can be used, which in turn seriously
decreases the efficiency of the system. From these and other reasons the concave mirror disc
scanning system has found very little favor among television engineers.

We have not mentioned very much about the lenses which are used in mechanical scanning
systems. It is obvious that in the lens disc, only simple crown glass lenses canb be used. Lenses
in the optical systems of other types of scanners are usually designed only from the standpoint of
maintaining the spherical aberration at a minimum. The light is usually arranged to fall on the lenses
at such small angles from the optical axis that the other distortions become relatively unimportant.
Very often achromatic lenses are used in the television scanning system, but oddly enough, not so
much to correct for chromatism but simply because these lenses are usually better corrected for
spherical aberration than the ordinary type. Wherever possible, of course, the various lenses must
be cemented together or cemented to parts of the system so that the reflection losses can be kept
at a minimum. This particularly dpplies to the light valve. Very often Kerr cells are used for the
light valve. When they are employed the lenses on either side of the cell can be cemented directly
to the container and thus eliminate some reflection losses. The lenses must be arranged to properly
focus an image of the source on the screen unless another method due to Traub is used. This con-
sists of filling each lens completely" with light and then focusing an image of the second last lens
on the screen it self. In this way a maximum amount of light is sent to the screen. In other words
each lens emploved forms an image of the lens next before it on the lens which follows it, and thus
each lens is a field lens with respect to the lens or either side of it. This insures that no light is
lost dus to divergence of the extra-axial rays. It is « well known law of optics that a lens which is
filled with light from any source appears when viewed from the image of that scarce to be a bright
object with a brightness equal to the source itself. Consequently, it is immaterial whether the final
image appearing on the screen is an image of the source itself or one of the lenses following it.
Several advantages, however, result from this practice. First if we wish to control the size of the
image we cun vary the aperture of a comparatively large lens instead of a small image so that the
adjustments can be more easily made. Secondly, the source itself is seldom a regular point, More
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often it is the filament of an exciter lamp or Mazda, etc, Thus, if an image of the source is formed

at the screen, the spot will be irregular and unsatisfactory, whereas if an image of the lens is

formed a nice round evenly illuminated spot will result. It will be apparent that this device is only
useful if the number of lenses can be kept comparatively low. Otherwise the losses due to absorption
and reflection in the lenses would make the attendant inefficiency so great as to outweigh its advantages.
In one commercial form of the Mihaly-Traub system the losses in the lens system are maintained as
low as possible by eliminating some of the lenses by using concave ring mirrors. The mirrors are
used to form a reduced image of the lenses preceding them and this image is projected on the screen
by the final projection lens between the mirrors and the slow drum,

Extensive research is now going on in an attempt to raise the efficiency of mechanical scanning
systems. As we have seen from the foregoing, the Mihaly-Traub system in conjunction with crossed
drums seems to be the most efficient to date. There are several methods by which the light efficiency
may be increased without increasing the brightness of the source itself. When the most efficient
system has been determined it is evident that only increasing the size of the whole apparatus can
increase the illumination of the screen, This is a fundamental of the design of television scanning
systems. The system must be designed just as efficiently as possible and then the size increased
until the illumination becomes adequate. Very often in the past this method has led to the design
of machines which were totally undesirable for the home, yet were suitable for theater use, etc.

It is plain, however, that once the efficiency has reached a certain point, only increase in brute size
of the apparatus can increase the illumination., One possible line of advance is in the development

of new light sources having greater intrinsic brilliancy and greater electrical efficiency. Light
sources have been developed which can give a brilliancy of 1,000,000 candle power per square cm,
but at present they have a life of only a few hours. Furthermore, such a source is so unwieldy as

to be unsuitable except for theaters. Similarly, arc lights are considered unsuitable except for
theater use. For this reason incandescent electric lamps are usually used for home receiver pur-
poses. A new type of source, however, was announced by the Scophony Company some short time ago
which is extremely efficient and yet economical to run. This takes the form of a special form of
high pressure mercury arc discharge lamp.

Light Losses

The greatest losses encountered in the optical system of a mechanical television receiver
occurs in the light valve., At least two polarizers must be used, one on either side of the Kerr
cell, and if they are of the more conventional type such as Thompson or Nicol prisms a large amount
of light is lost by absorption through the prisms and also by reflection and absorption occuring in
the lenses which are required to collimate (render parallel) the light which passes through them.
Nitro benzene is usually used in the cell to effect the rotation of the plane of polarization. The ab-
sorption of light by the substance is extremely high. A column of nitro-benzene 4 cms. in length
(about the usual length) absorbs 24% of all the light which passes through it. Due to the high cap-
acity and the consequent high frequency losses which occur in multiplate Kerr cells, the simple
type is usually preferred. The spacing between the electrodes is usually less than . mm., and as
the width is usually not very great, the amount of light which can be passed through is quite small.
The combination of these variouc losses is so serious that they are sometimes reckoned to consume
80% of the light which is incident upon the first polarizer. Thus, at the very outset the amount of
light available is seriously depleted. It seems likely that if wide aperture polarizers such as sheet
polaroid were used, the efficiency would be greatly increased. The polarizers that have been used in
the past may be compared to thin bottle necks through which all the light which is later to be used
to illuminate the screen must be passed. It also seems possible that notwithstanding the serious el-
ectrical losses of the multiplate type of cell, the latter could be used with polaroid so that increased
optical efficiency would more than outweigh the electrical disadvantages. Even if a multiplate cell
were not used, polaroid would enable much more light to pass through the cell if the plates were of
V variety because of the greater entrance angle that could be used.
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Probably the greatest single advance in the realm of light valves has been made by Jeffree
in his utilization of the Debye-Sears effect, wherein supersonic sound waves passing through a
liquid medium are used to modulate the light. This valve not only has the advantages of cheap-
ness, good modulation characteristics, and contrast, but also enables an almost revolutionary
method to be used. The device allows three advantages; first, it allows much more light to pass
through thanhitherto had been possible; secondly, it allows the formation of an image of the source
near the plane of the scanning mirror with a consequent increase in light transmission; thirdly,
it allows a whole line of the picture to be projected onto the screen at one time. These, however,
are just optical advantages. On the electrical side of the instrument we have the advantages of
good frequency response, only a small amount. of power required for modulation purposes, and
extreme reliability.

Thus it will be seen that the greatest advance that can be expected in the realm of mechanical
scanning systems will not lie in the field of the scanners themselves, but rather in their associated
light valves. At the present time the Scophony light valve which uses the Debye-Sears effect
seems to be the most promising solution to the light valve problems. However, it seems cer-
tain that further development of new types of Kerr cells will occur. When it is remembered that
tremendous advances have been made in that direction in the past few years, it seems very likely
that a Kerr cell having many times the light efficiency of the ones in use at the present time will
be developed in the near future.
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CHAPTER IV
ELECTRONIC TELEVISION CAMERAS

The disadvantages of mechanical scanning are due to:

1. The large physical size of the apparatus required.

2. The small amount of light that is picked up by the scanning aperture,
3. The mechanical difficulties inherent in the system itself,

While these three items are listed separately, they are closely related. The reason for the
large physical size, for example, is due to the desire to obtain as much light through the scanning
aperture as possible. Naturally, a large sized hole is desirable. But if we use a large aperture,
then we must increase the area of the scanning disc if a reasonable number of holes are to be ac-
commodated. This brings us back to the physical size of the equipment again. As an illustrative
example, suppose that it were desired to oYtain the same number of lines that is used today by
electronic means, namely 525, In one second, 15,750 lines are scanned. If the projected picture
width at the scanning apertures is two inches, the scanning apertures must move 31,500 inches in
one second. Assuming the scanning disc has a diameter of 4 feet (which represents a considerable
area) the necessary scanning speed can be obtained only by 12,540 revolutions per minute, Anything
4 feet in diameter, revolving at this relatively high speed would have to be almost perfectly balanced
in order not to vibrate. Vibration would displace the scanning apertures and cause the lines to move
up and down.

A smaller disc would require smaller aperture openings, The difficulty here is the limitation
on the amount of light that can pass through the opening to reach the photoelectric cell located be-
hind the scanning disc. Higher light intensities would overcome the light problem, but here we
run into discomfort for the actors, due to the heat generated and the blinding light. When all these
factors are considered, electronic scanning is far superior. Hence its acceptance.

Electronically, three types of cameras are in current use. These are the familiar iconoscope,
the image dissector and the new image orthicon. Each possesses properties which make it best
suited for a particular purpose. Thus, under present conditions, the iconoscope is used chiefly
for the indoor television studio; the image orthicon for outdoor events and scenes that must be
taken under poor lighting conditions; finally, the image dissector is widely used for scanning films,
Why these limitations exist will be explained presently.

THE ICONOSCOPE

The ““Iconoscope’’ is the name given by Dr, Vladimir Zworyiin to his television pick-up tube,
The word itself is derived from the Greek word ‘‘ikon’’ meaning ‘‘image’’ and the ending ‘‘scope’’
meaning ‘‘instrument’’. Actually ‘‘iconoscope’’ means ‘““image viewer’’, This device shares hon-
ors with the Farnsworth “image disector’’ tube as being the only successful electronic pick-up
ever devised for television purposes. Today, it is practically a commercial article, but its Listory
of over fificen years of research is a tribute to the never tiring patience and skill of the modern
scientists.

Before the Iconoscope, there were two general methods of televising an image, the one most
widely used scanned the image with a spot of light, and picked up the resulting diffused light from
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the object being televised. The other type widely attributed to Jenkins consisted of placing the
photo-electric cell behind the scanning disc, and generally speaking was unsuccessful due to the
small amount of light which was able to effect the pick-up device. As the television art progressed,
more and more detail was demanded in the televised picture, and the time, therefore, that the actual
light fell on the photo-electric cell while one element was scanned became less and less, and con-
sequently, the output level of the pick-up device decreased in proportion.

Then, came the Iconoscope. In this device, instead of the light from each element falling
upon the pick-up device just a very short time corresponding to the time it takes to scan that element
light is falling on the sensitive image plate of the tuhe all the time. This is the memory feature
of the ‘“Iconoscope’’ which has been so widely publicized, and it is this feature which makes the

Iconoscope the most sensitive television pick-up ever devised.

The construction of an Iconoscope is quite complex. Essentially an electron gun is mounted
in such a manner that a beam of electrons sweeps over a retina like plate called the mosaic plate.
This plate consists of an insulating substance such as mica which is backed by a plate of nickel or
other conducting material, and the other surface of which is covered by thousands of tiny photo-
electric globules. An optical image is also focused upon the mosaic plate and the electron beam
is deflected so that it sc.ns this in a desired manner.

Mosaic The arrangement of the electrodes with-

g in an Iconoscope is shown in Fig. 1. The output
of the tube is taken from the plate that backs
the mosaic and the conducting coating within
the tube itself. The latter also acts as a second
anode of the electron gun which is used to scan
the image.

Electron When the image falls upon the photo-el-

Gun > ectric surface of the image plate, each portion
Output | of the image, depending upon the intensity of
the light which corresponds to that portion,
causes photo-electrons to be emitted. The numr
ICONOSCOPE ber of photo-electrons emitted is proportional
to the amount of light falling upon the surface.
As the surface is divided up into a tremendous
number of small elements, each of which is in-
sulated from the other and the photo-electrons
which are emitted are drawn to the second anode coating, the charge residing upon each element
remains there and can not neutralize itself. If the image light is allowed to fall upon the plate over a
period of time, the charges will build up correspondingly to this image and will grow larger depend-
ing upon the time the plate is exposed. That is, each element of the surface sums up the intensity of
the light which falls upon it over the period of time that it is exposed. Theoretically, therefore, the
Iconoscope should be as many times more sensitive t:.n the ordinary pick-up as there are elements
in the picture. Thus, if a picture was scanned by a system using 400 lines, an Iconoscope should hav
a response equal to 400 x 400 or 160,000 times as great.

Figure 1.

In actual practice, however, this increase in sensitivity is not so great. Usually only ten per-
cent of this theoretical gain is realized, but the output is still many thousand times greater than
the older system.
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Theory of Operation of the Iconoscope

The mosaic, as mentioned previously consists of tiny silver globules which are insulated
from one another. (See Fig. 2.) On the surface of the silver globules is deposited a thin film of
Caesium which acts as the photo-electric element. When a beam of electrons from the electron

gun of the Iconoscope strikes the mosaic surface, the high

velocity electrons cause secondary emission electrons to

be driven off the mosaic at the point at which the beam is
Metallic striking. As a matter of fact, more electrons leave this
8ignal Plate point than arrive so that the point in question is driven up
e to a positive potential because of a deficiency of electrons.
For the material used in the Iconoscope, the votential under
the electron beam is driven up to approximately + 3 volts.
This value is known as the EQUILIBRIUM POTENTIAL and
is the same for any point on the mosaic that happens to be
under the electron beam. Some of the secondary electrons
which are driven from the spot under bombardment redis-
tribute themselves over the surface of the mosaic. This
redistribution of negative electrons, which is more or less
uniform over the portion of the mosaic not under bombardment,
causes the mosaic to assume a negative potential of approx-
Figure 2. imately =1 1/2 volts. The secondary electrons that reach

the collector or second anode constitutes the signal current.

Caesium Coated
Silver Globules
\
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CROSS-SECTION OF MOSAIC

When an image is focused on the mosaic, some portions of the mosaic will receive more
illumination than others. Because of the photo-electric property of the mosaic, the illuminated
elements are at a more positive potential than the elements that are not illuminated. Inasmuch
as the element of the mosaic under bombardment is driven to the equilibrium potential regardless
of the original potential of that element, the change in potential of an element during bombardment
will be different for elements having different illumination. Consequently the secondary emission
from an element that is not illuminated. The secondary emission electrons that reach the second
anode constitute the picture signal. Inasmuch as the signal current thus received is dependent on
the image on the mosaic, the signals can be used to reproduce a picture at the receiving end when
properly amplified. As the electron beam is made to scan the image progressively a series of
voltage fluctuations are obtained in the output circuit which are proportional to the light which
falls upon the image plate.

CONSTRUCTION:--The construction of the mosaic plate consists, as stated above, of a very thin
insulating plate backed by a nickel plate on whose surface is deposited photo-electrically sensitive
globules. In actual practice, the nickel plate is often enamelled. In other cases, a very thin inica
sheet which has been carefully selected and examined to make sure that it has no small imperfec-
tions is used. - In order to form the photo-electric element surface, the insulating surface is cov-
ered with silver globules, then this assembly is placed, together with the other elements, within
the tube and the tube is highly evacuated. The elements are thoroughly outgassed by using a high-
frequency bombarder and when the silver becomes heated, oxygen gas is allowed to flow into the
tube and a chemical reaction takes place between the gas and the silver particles. The reaction
is carefully controlled in order to produce the right chemical compound and is usually determined
by the color of the plate (a yellowish brown). Then the tube is again pumped out making sure to re-
move the last trace of oxygen. Caesium metal vapor is now admitted into the tube, while the glass
walls of the tube are kept quite warm in order that the metal will deposit only on the image plate.
Only a small quantity of Caesium is used, because a layer of the metal just a few atoms thick is
preferred.
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The mosaic must be made with extreme care in order that (a) the electrical insulation be-
tween the various photo-electric elements will be as complete as possible; (b) that the silver
oxide formed may be the correct one for this purpose; (c) that the layer of Caesium metal may be
deposited only on the silver oxide globules; (d) that the amount of Caesium deposited should be
the proper one.

It may be well to mention here that the photo-electric globules are very much smaller than
the scanning spot.

Second Anode
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TTITIIITY : 2 ‘(ﬁ:‘" r *==1
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ICONOSCOPE GUN

Figure 3.

The electron gun used for scanning the image of the Iconoscope is built quite similarly
to the gun used in the conventional cathode-ray tube. See Fig. 3. The gun used must be very
carefully designed and constructed. In order to dissect an image into say 400 lines and using a
mosaic plate four inches in height, the beam spot should be approximately .005 inches in dia-
meter. To design a gun capable of producing such a spot is quite a difficult problem. The final
anode is a coating composed of silver or Aquadag which is deposited upon the bulb’s inner sur-
face, which is usually charged 1,000 volts positive with respect to the cathode. This anode, inci-
dentally, also forms the collector plate for the electrons emitted by the mosaic.

The deflection of electron beam for scanning the mosaic is accomplished by magnetic fields.
The deflection coils are mounted on a yoke which fits over the neck of the Iconoscope. Deflection
can also be accomplished by electrostatic fields.

The deflections must, of course, as in the case of any system of television scanning, be
linear. That is, the degree of deflection must vary directly with time.

In order to produce this type of deflection, saw-tooth wave generators are used. Usually
these are thyratron tubes in a condenser circuit. The action of the thyratron and the process
of linear scanning are fully explained in advanced assignments.

You will notice that in the Iconoscope, the electron gun is tilted at an angle to the surface
of the mosaic cathode. (See Fig. 1.) This angle is 30 degrees. Naturally, it is a longer distance
from the electron gun to the top of the cathode than it is to the bottom of the cathode, and con-
sequently, a so-called keystone distortion is introduced; that is, the electron beam tends to
scan a longer line at the top of the image than at the bottom of the image, and the image becomes
no longer square as far as the transmission is concerned.
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To compensate for this distortion, a voltage is applied to the horizontal sweep circuit
from the vertical sweep circuit so that when the beam is at the top of the cathode, it tends to sweep
a much shorter line than usual. When it is at the bottom of the image, it tends to sweep a much
longer line than usual. The effect of this is that when this voltage is of the correct value and is
properly timed the keystone distortion is completely compensated for. That is, the image that is
actually scanned by the electron becomes square. The circuits used to compensate for keystone
distortion are fully explained in advanced assignments.

The Iconoscope is practically a self contained pick up unit, and so, very compact portable
cameras have been designed around it. These'also usually contain two amplifier stages connected
by means of a long cable to the main amplifier and the deflecting units. However, sometimes
experimentally an electron multiplier is used as the pre-amplifier with the Iconoscope.

The sensitivity of the Iconoscope is comparable to that of a photographic film operating
at the speed of a motion picture camera which uses the same optical system. Its color response
is such that it is sensitive to infra-red and ultra-violet light as well as light which is visible to
the eye.

Processing of the Mosaic

Methods for the deposition of the photo-cathode, or mosaic, are continually being improved,
and several refinements have only recently been inaugurated.

A serious difficulty which sometimes arose was that of specular reflection from the uncoated
mica of the mosaic. That is, the uncoated inter-globular spaces would reflect light from the image
back to the window from which it was then reflected to another element of the mosaic. This con-
dition is illustrated in Fig. 4. The undesired effect of this is eliminated by sandblasting the
mica so as to convert the specular reflection into a diffuse one which is not troublesome.

A thin layer of cryolite (a compound of sodium, aluminum, and fluorine, NagAlFg) is then
flashed upon the mica. This expedient tends to prevent leakage between the elements of the mosaic
in the finished tube, and, therefore, allows a greater tolerance in the amount of sensitizing metal
which may be employed without shorting the globules.

Exact methods of preparing the photo-sensitive surface vary among experimenters. The first
stage in the preparation of the mosaic is the means of obtaining a uniformly thin film of silver glo-
FACE bules on the mica. This is usually done by dusting very
AN finely divided silver oxide on the cryolite-coated surface.
MOSAIC The sheet is now heated, causing reduction of the silver
oxide to silver in the form of discrete globules. Following
¥ this, successive layers of the oxide are dusted on the surface
(each layer being reduced in turn) until the silver globules
< cover about two fifths of the mosaic, while three fifths of
prd the area is taken up by the inter-globular spaces.

The back of the mica is coated with a film of platinum
which acts as the signal plate. Another piece of platinum
coated mica is mounted so that the two platinum surfaces
\ are in contact. An external connection is made to the sig-
nal plate thus formed.

7/

/s
:_t_:

\
\‘L|GHT FROM OBJECT The mosaic is now sealed into the envelope, and the
entire structure is evacuated and baked at about 400° C.
Figure 4. The tube must now be allowed to cool thoroughly.
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The silver globules are now oxidized by passing a discharge through oxygen at a pressure of
.001 mm. to .1 mm. The discharge can be effected with the aid of a higl irequency coil placed over
the tube. When the oxidization process begins, a change in color of the surface will be noted, and
for maximum sensitivity a dark yellow color is sought. At this stage, if the oxide is not properly
formed, the film can be again reduced to silver, by re-evacuating the tube, and baking until the sil-
ver oxide is reduced. Oxyger is again admitted and the discharge process is repeated until a satis-
factory silver oxide layer is formed. After this, the tube is baked at a medium temperature and
excess oxygen is evacuated.

The mosaic is now ready to be coated with caesium, which is in a getizr capsule that has
been placed, either in a side tube to be subsequently sealed off the main tube, or it has been attached
to some convenient electrode within the main tube. The caesium is usually in the form of a salt
such as caesium chloride or caesium dichromate, and is intimately mixed wit: powdered calcium
or tantulum. The caesium is now evaporated, during which process the calcium or tantulum com-
bines with the chloride or dichromate of the original salt, The caesim vapor distills upon the
mosaic surface which assumes a darker brown tone as the caesium re..cts with the oxygen., The
caesium is evaporated until the photo-electric sensitivity is at its maximum, which is taken to
be when the caesium layer is monomolecular in thickness. During this sensitizing period the
mosaic is kept illuminated and the photo-electric output is measured by a vacuum-tube voltmeter,
until a maximum yield is indicated. If the sensitivity does not come up to expectations, the caesium
may be removed from the mosaic by raising the oven temperature. At the same time the silver
oxide is again reduced to silver and the process begins anew with the oxvgen discharge. The fresh
supply of caesium may be obtained by further heating the caesium.capsule.

The above procedure results in the heretofore standard AgCsgOCs surface, the sensitivity of
which varies between 3 and 10 microamperes per lumen. A recent innovation, however, consists of
evaporating an extremely thin layer of silver on the caesium surface prepared as above, resulting
in a sensitivity ranging between 9 and 15 microamperes per lumen, Higher values may be obtained
but when these occur the infra-red resnonse is generally too great. However, if this silver sensiti-
zation is carefully controlled with regard to evaporation and subsequer:t baking, the white-light
sensitivity may range between 15 to 30 microamperes per lumen, while the infra-red response
will be held down to the correct value, An excess of infra-red sensitivity causes a graying of
black values. ’

In practice, different methods of this final silver sensitization result in two types of icono-
scopes, known as the ‘‘movie pickup’’ and ‘‘direct pickup’’ iconoscopes. In the former, the silver
evaporator is surrounded by a shield which allows silver to be deposited only on the mosaic; while
in the ‘‘direct’’ type, the evaporator is designed to deposit silver on the walls of the envelope as
well as on the mosaic, In the ‘“‘movie’’ type, the silver must be deposited only on the mosaic, as
a spurious signal is caused by the intermittent and rapidly changing illumination encountered in
conventional movie projection when the walls of the tube are photosensitive. In the studio, how-
ever, where the illumination is continuous, the photosensitivity of the envelope walls can be used
to advantage. A so-called ‘‘bias’’ light is placed so as to illuminate the walls, but not the mosaic.
A considerable increase in sensitivity and output is obtained, due to the fact that photo-emission
from the walls produces a more advantageous field for the collection at the second anode of the
photo-electrons emitted by the mosaic. By using this effect the signal output may actually approach
double its value without the bias light. Moreover, lower beam currents may be employed for a
given output. Thus, the output obtained with 2 .1 microampere beam current with a bias light is
actually greater than that obtained with a .25 microampere beam current without a bias light.

The current output for various values of illumination is probably the most important char-
acteristic of the iconoscope. In Fig. 5 is a diagram of the apparatus frequently used for this
measurement. Light is projected upon the mosaic through a slit in front of a lamp operated at 2870
degrees Kelvin. The intensity of this light is controlled by a variable (iris) diaphram, for every
setting of which the illumination falling on the mosaic is known in lumens per square centimeter.

53



D PLIFIE R 3

Mo "1
£ = ol BN
o Ry ok N = T
iy \ : T, P I L
/ -~
N ) 7 Epe]
- —t
- Rz F v / P
e, = 30,000 N / s /4' 1
=7 n [ 2 Z o
Rz_ 1 0 = Valv. &4
S N
< Z
420~ 3 4 [
<
O/ 2 3 4 S € 7 8 9 /O
Q  Micicomens /ea.cM. on Mosaic.
2 porreo Curve Now-Snver- SENSIT-
O3CILL08Ccome 1ZED. rleAavy Curve SVER SENITIZED.
Figure 5. Figure 6.

The current from the iconoscope passes through a resistor (R4) of 30,000 ohms, and the voltage

thus appearing across this resistor is amplified by a regular video frequency amplifier.

The amplifier is calibrated by having a known current of 420 cycles pass through resistor R,.

The output of the system is applied to an oscilloscope. If the system has been properly calibrated,
the voltage across Ry can be determined by reading the height of the signal on the oscilloscope

tube. Fig. 6 shows graphically the results arrived at by this method for different values of beam
current in a silver-sensitized tube. The dotted curve shows the output from a non-silver sensitized
mosaic with a beam current of .5 microampere. Note how it compares with the output of a sensitized
mosaic using a .25 microampere beam current.

The sensitivity in microamperes per lumen may be determined by allowing a known intensity
of light to fall upon the mosaic for a short interval, about 1 /100 second. For longer periods of time
the mosaic may charge up, resulting in erroneous measurements. The calibration is made by means
of a phototube whose sensitivity has been previously calibrated.

Another characteristic of the iconoscope is the ratio of secondary emission from the mosaic.
- The secondary emission ratio is less in silver-sensitized tubes than it is in non-sensitized ones.

In one particular tube under test, the secondary-emission ratio increased with increasing beam
potential up to about 400 volts, and thereafter became an inverse function of the beam potential,
This was true of both sensitized and non-sensitized mosaics. It is interesting to note that although
the secondary emission ratio finally decreased with higher beam voltages, the signal output varied
directly with the beam potential. We may conclude, therefor, that the effect of small changes in the
seconddary emission ratio on the signal output is small for the values of secondary emission en-
countered in these tubes.

The spectral response of the iconoscope is the next consideration. This may be determined
by means of a special color chart (used in conjunction with a kinescope) which has four color-grad-
uated columns. The first column contains progressive shades of red, the next yellow, the third
green, and the fourth blue. In addition, there is another column with various shades of gray, from
white to black. A certain arbitrary number is assigned to each shade in each of the columns. Since
color values are not indicated by the kinescope, the relative response is indicated by the intensity
of each shade as reproduced on the kinescope screen. Now, if the mosaic has the same spectral
response as the eye, the intensity for a given shade, corresponding to the assigned number, say
100, in each of the colored columns, will be the same as the intensity of the shade of gray cor-
responding to 100 in the black-through-white column, As previously mentioned, the amount and
type of silver-sensitization exerts a considerable influence over the color response.
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The last consideration is that of the resolution, Without silver sensitization, tubes not having
satisfactory resolution could be improved only by baking, if at all. With silver-sensitized tubes,
it has been found that the resolution improves during the sensitizing process. If the resolution is
not sufficient after this sensitization and baking, further evaporation of a small amount of silver
generally gives satisfactory results. The final resolution can be made at least as good as for non-
sensitized tubes, and often better. The method for measuring resolution will be discussed later.

Theory of the Iconoscope

A simplified explanation of the operation of the iconoscope was given in the first part of
this lesson to acquaint the reader with the tube. Actually, however, it is found that a full explan-°
ation involves a more extensive analysis and this is presented below. The iconoscope may €S-
sentially be considered as a mosaic made up of a great many individual photocells, all connected
to a common signal plate by capacity, and scanned by an electron beam.

Each globule emits photoelectrons of a number proportional to the amount of light falling
upon it from the image. The resulting loss of electrons leaves each element at a positive potential
proportional to the number of electrons released, so that the mosaic tends to go positive at a rate
proportional to the light falling on it. As the scanning beams strike each element in turn, the
charge is released and the elementsis driven to equilibrium. Because of the capacity existing be-
tween the mosaic and signal plate, the changes in charge of the elements will result in current
pulses in the signal lead, whose magnitude will be proportional to the light intensity on the scan-

ned elements.

The simplest analogous equivalent circuit for a
single element is shown in Fig. 7. The scanning beam
is represented by the switch and series resistance R.
To Are. The switch may be considered to be open except when the

o beam is actually on the element. When the beam moves
off the element, the photo-emission from it starts to
R, charge condenser C at a rate proportional to the illum-

ination of the element. In the next scanning cycle, the
beam again strikes the element, closing the switch and
discharging the element. During this discharging per-
jod the entire charge accumulated during the time the
beam was not on the element must now flow through the
Figure 7. input resistor R, producing a voltage which is applied to

the amplifier. To effect this action, it is evident that the

time constant of the discharging circuit must be small

enough to allow a full discharge during the time the beam
is on the element. Consequently, (Ry + R) x C must be less than the time the beam is on the element,
a condition not difficult to fulfill in practice.

While the above concept is satisfactory for some purposes, if carried too far, it may lead to
erroneous conclusions. The beam itself cannot be called a commutator, or contactor, because its
effective resistance is substantially infinite. With most electron guns in high vacuum tubes the
potential of the target (mosaic) can be changed by a thousand volts without altering the beam cur-
rent by so much as a fraction of a microampere. A conducting commutator could not behave in
this way. It has been estimated that there are some 65 million globules on the mosaic, of which
about 300 are under the beam at any instant. Hence, the idea of individual elements should be
used with reservation, and the mosaic should be regarded from the standpoints of the potential
distribution over its surface, and the redistribution of secondary electrons emitted by the mosaic
under bombardment.
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The average potential of the mosaic (with no incident light) while being scanned is generally
between 0 and 1 volt negative with respect to the electrode which collects the electrons leaving
the mosaic, i.e., the collector. The potential, however, is not uniform over the surface of the
mosaic. Elements directly under the beam are about 3 volts positive with respect to the collcctor.
Those elements which have been previously bombarded are lecs positive, until a point one-quarter
to one-third of the vertical distance along the mosaic from the point being bombarded the potential
is about - 1.5 volts, as is the rest of the mosaic. An approximate representation of the potential
distribution is shown in Fig. 8, the graph of which was obtained by cathode ray oscillograph meas-

urements.
——————e g Further elaloration on the mosai. potential lcads us

Tor or Mosarc ' to consider the following. When a caesiated silver surface
Sgavnvive DirecTion is bombarded by a 1,000 volt electron beam, a secondary

“ emission of 7 or more times the primary bombarding cur-
LivE BEine Scanng . .
Y T~ rent can be collected. However, since the mosaic elements
. , . are insulated, they will assume a state such that the second-
= =3 < Vorrs * 3 ary emission current equals the initial current. This will

occur when the mosaic has acquired a certain potential, known
as the equilibrium potential, the value of which for caesiated
silver surfaces is about 3 volts positive with respect to the
collector. When the ec .ailibrium potential for a given type
- of surface is reached, t.ie average secondary current es-
caping to the collector equals the bombarding current. Un-
Figure 8. til the equilibrium potential is reached the second.iry em-
ission ratio will be greater thun unity.
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The secondary emission from the mosaic may be divided into three parts, that going to the
collector, another returning to its parent photo-element, and the third being redistributed over
the entire mosaic. This last group returns as a more or less uniform shower of electrons of
low velocity, their initial velocity not being sufficiently high to permit them to leave the mosaic
entirely. Only when the mosaic is relatively quite negative do all the secondary electrors reach
the collector. Thus, the potential of a point (element of the mosaic) struck by the electron beam
determines how much secondary emission will escape, and how much will return near or far from
the point of origin. Hence, it is deduced that the part of the secondary emission reaching the collector
varies according to the mosaic potential established by photo emission, which in turn, depends upon
the incident light intensity.

2.5 E
|

The photo-electric emission from the mosaic is not very

{ efficient, and becomes less so as the illumination is in-
creased. This is graphically depicted in Fig, 9. Curve

1 represents the output from a small illuminated area with
the remainder in darkness. With curves 2, 3, and 4, the
mosaic has a uniform background of light. The response

is not linear but decreases as the illumination is increased
until it reaches a saturation value. The decrease in sen-
sitivity at higher illuminations may be due to the reduction
in the secondary emission ratio concurrent with the mosaic’s
reaching the equilibrium potential. However, the decrease
in response is not entirely disadvantageous since it permits
the transmission of a wider range of contrast.
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l, No Bacxerounn. 2,5 MILLILUSENS/SR.CH. The electrons falling back on the surface of the mosaic
3, 10 Miiinuiens fsa.cy. 4,15 MiLicumens/sece. act to some extent as a high resistance, short-circuiting the
. elements, since an element which is more positive than those
Figure 9. about it tends to receive a greater share of these electrons.
Ordinarily the resistance is sufficiently high so as not to
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produce a very serious loss in efficiency, but under high illumination where considerai le difference
in charge between nearby elements may arise, this shunting resistance may become rclatively low with
a resultant fairly large loss of signal.

However, the redistribution of electrons is responsible for the generation of a spurious sig-
nal, which appears as an irregular shading over the picture even when the mosaic is not illuminated.
This is caused by the variation in instantaneous secondary emission excaping from the mosaic.

As previously noted, the average secondary electrons from the mosaic must be unity. However,

a certain fraction of the secondary electrons from a point under bombardment returns to cther
parts of the mosaic, and consequently the instantaneous current leaving the mosaic may vary
from point to point. The variation results from the non-uniformity of potential and space charge
over the mosaic. The spurious signal may be considered as divided into two parts. The first is the
effect due to the signal stored by the mosaic, while the second is an instantaneous effect depending
upon the variation of potential of the mosaic. The instantaneous component can te demonstrated
easily by substituting a metal plate for the mosaic. When this plate is scanned in the usual way
and being maintained at a potential close to that of the second anode, a spurious signal results
which is very similar to that from the mosaic, although the mechanisms of their generation are
not exactly the same. If the potential of the plate is made negative or positive with respect to the
collector, the secondary emission will be saturated, or suppressed, and the signal will disappear.
In practice, the introduction of a compensating signal is used to offset the spurious signal. This
is generally known as a ‘“‘shading control’’ and will be mentioned later.

As previously explained, there is a line across the mosaic which is 3 volts positive with
respect to the collector, while just ahead of the beam the potential is about 1,5 volts negative.
(See Fig. 8.) There is, therefore, just ahead of the scanning beam, a row of elements which
have a strong field aiding the leaving photo-electrons. This field greatly increases the sensitivity
along this line, resulting in what is termed line sensitivity, an effect which may be demonstrated
in the following manner. The image from a continuously run moving picture film is projected
upon the mosaic, using the same speed for film and television systems. The image from the film
is caused to move opposite to the vertical direction of scanning. Under these conditions it is found
that the iconoscope transmits a clear image of two frames of the film, although to the eye there
appears to be only a blur of light on the moszic. At low or normal light intensities, the greater
part of the signal comes from surface sensitivity, but under high illumination a considerable portion
of the signal may come from line sensitivity,

It can be shown that of the total charge released by an element when struck by the beam only
about one-fourth will reach the collector, the remainder returning to the mosaic, so that only about
twenty-five percent of the stored charge is available for producing the picture signal. Considering
the various factors tending to reduce the output of the iconoscope, the overall efficiency of con-
version is on the order of 10%. In other words, the signal output is only a small fraction of the
elements, and the assumption that the entire photo-current is stored by the mosaic. As stated be-
fore, the efficiency decreases at higher light intensities. Since un earlier assignment described
limitations imposed by noise, we will here only add some quantitive data. Tests have brought out
that if the root-mean-square noise level is equal to 309 of the picture signal level, the picture is
still recognizable, but the resolution suffers, and the picture is tiring to watch. A good picture
can be obtained if the ratio of signal-to-noise is ten to one, but the noise is still noticeable. A
picture may be considered excellent from this standpoint when the noise is reduced to three percent
of the picture.

The Farnsworth Image Dissector Tube
The type of tube shown in Fig. 10 was invented by Philo T. Farnsworth and shares with the
Iconoscope the honor of being the most successful type of electrical television pick-up. It is widely

used in television transmitter installations, among them being the Baird installation at the Alexandra
Palace in London, England.
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The Farnsworth tube does not have the ‘“‘memory’’ feature of the Iconoscope. The electrons
emitted from this photo cathode are returning continuously to it via the anode, and thus no charge
corresponding to the amount of light and the time that the light falls upon the cathode is built up
as it is in the Iconoscope.

Basically, the Farnsworth image dissector tube consists of a translucent photo-sensitive
cathode located at one end of the large tube. (See Fig. 10.) This surface is mosaic in structure
and is a Caesium or silver surface. At the other end of this large vessel is located the anode,
which consists of a large disc the size of the tube with a small aperture located in its center
about fifteen thousandths of an inch square. The inside of the cylindrical tube at the ends of which
are located the cathode and anode, as explained above, is coated with nickel to provide a return
path for the electrons. A magnetic field, focusing coil, is placed about the tube so that the whole
path of travel of the electron from cathode to anode iz within this magnetic field. In order to pro-
vide this field, a large cylindrical coil which just fits over the tube and extends from the one end
.0 the other is connected to a source of current.

When an image is focused upon the photosensitive cathode of the tube, electrons are emitted
.rom each element of that cathode, the number being proportional to the amount of light in that portion
f the image. These electrons are attracted by the highly charged anode. Ordinarily, if several
streams of electrons such as those proceeding from the cathode to the anode of this tube were to
ravel such a distance in free space, they would mutually repel one another and also they would
nd to assume an equal distribution throughout the cross section of the electron image. If this was
.0 occur, the electron image would be diffused into merely a large stream of electrons. However,
1S the path of the electrons is completely submerged in a magnetic field and the magnetic lines
)f force then extend in straight lines from a cathode to the anode, the electrons also tend to travel
n straight lines. This is due to the tendency of the electron to follow a magnetic line of force.
This action is more fully explained in the assignment on electron optics.

Behind the aperture in the center of the anode is located some means of picking up the elec-
rons which pass through it, as shown by the collector electrode of Fig. 10. In the older type of
ube, there was simply a positively charged plate which was connected to the preamplifier of the
dick-up. In the later tubes, however, Farnsworth built an electron multiplier of his own design,

n which the smaller number of electrons falling through the aperture is considerably increased
>efore being impressed upon the amplifier. This electron multiplier is of the Multipactor type.
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If the image is focused on the photo sensitive cathode of the tube as described before, the
electrons will travel down the length of the tube to the anode, and the electrons which correspond
in numbers to the intensity of the light of the center of the optical image will pass through the
aperture and be amplified. Therefore, a signal will exist in the output of the amplifier associated
with the apparatus which corresponds to this portion of the image. In order that the whole picture
may be transmitted, it must be scanned progressively as in any other system. In order to do this,
flat coils are placed about the tube at right angles to one another as shown in Fig. 11. These coils
are connected to the horizontal and vertical sweep circuits which are arranged to produce the des-
ired number of lines, etc. When these varying fields act upon the electron image within the tube,
they serve to move the whole image back and forth, upanddown, so that a different portion of the
electron image passes through the aperture and is amplified. Therefore, signals will appear in
the output of the amplifier which correspond to the optical image falling upon the photo-cathode.

You will see, now, why Farnsworth calls this device an ‘‘image dissector’’. The image is
progressively broken down into its elements. It is dissected, and each of these elements is then
amplified. The kinescope or the Farnsworth receiving device, the oscillite, acts to form these
elements together again into the original optical image.

SCANNING

In most systems of scanning, the electron beam goes across the screen, then is blocked out
and starts one line lower on the opposite side of the screen. That is, it always travels in the sam¢
direction. It does not scan to and fro.

The time that the electron beam is not on the screen is utilized for synchronizing purposes.
Impulses from both the horizontal and the vertical sweep circuits of the Iconoscope or image dis-
sector are fed into the amplifier circuit at dark times. At the receiver, a special circuit selects
these impulses which are then fed to the reproducer sweep circuits and synchronism is thus main-
tained. More detailed explanations will be given on this subject in advanced assignments.

It is well to keep in mind the essential difference between the Iconoscope and the image
dissector tube. In the Iconoscope, you will remember, the image is focused continuously upon its
mosaic, and an electron charge image builds itself up on the mosaic which is many times greater
than if the image had been exposed for only a short time. The image is then scanned by a beam of
electrons. In the Farnsworth tube, no extra beam of electrons is used. An electron image
corresponding to the optical image is moved to and fro over the aperture. All the elements of the
electron image in the Farnsworth tube which are not passing through the aperture at any certain
instant are producing no useful result at all, No charge is being summed up as in the case of the
Iconoscope. Thus, on the face of it at least, the Iconoscope would seem to be superior. However,
both types of pick-up have serious difficulties connected with their practical operation and at
present in actual practice, it seems hard to decide whether one is superior to the other or not.

Television cameras have been improved by using a new type of preamplification known as:
Electron Multipliers
The electron-multiplier is an electronic amplifying device which has been developed in com-
paratively recent years. Its basic principle of operation differs radically from the conventional
vacuum tube amplifier.
The amplification of a conventional system of vacuum tubes is limited largely by the noise
level which is introduced by the grid resistor. The random fluctuations due to thermal agitation

in this resistor limits the amount of amplification which can be obtained by the conventional type
of device, irrespective of other considerations such as grid-cathode leakage resistor.
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SECONDARY EMITTERS It was such limitations of the ordinary amplifica-

tion system which led experimenters in different parts
of the world to attempt to devise a radically new
system of amplification. These efforts have been
largely regarded only in the United States, where the
electron multiplier tube of Zworykin and the Multi-

— pactor tube of Farnsworth have been developed to a

- P . .
CATHODE  |ELECTRONS coLLecTor | Practical point.
SECONDARY EMITTERS

All types of electron multipliers utilize the prin-

ZWORYKIN MULTIPLIER ciple that if a photo-electric surface is bombarded by
: high speed electrons, several secondary electrons
Figure 12. will be emitted for each one striking the surface.

The two general types of secondary emission multipliers are the ones due to Zworykin and
Farnsworth. In the former type, the multiplier is arranged in successive stages or in other words,
primary electrons strike the first photo-electric surface, secondary electrons are emitted which
are in turn accelerated and caused to bombard a second similar surface and so on. The second
type of multiplier is one in which there are but two photo-electric surfaces surrounded by an
oscillatory field. The period of oscillation of the field is equal to the time of flight of the electron
from one surface to the other, and so the electrons strike one surface, liberate a greater number
of secondary electrons, which owing to a reversal of the field, are accelerated toward the opposite
surface and produce in turn new secondary electrons, and so on.

The most successful of these types of amplifying devices is the Zworykin type, and it has
been built in three different forms. In the first form, the electrons are accelerated diagonally
between the succession of plates which are placed in parallel planes as shown in Figure 12. In
the second type, electron lenses are utilized to direct the secondary electrons from the one plate
to the other. In the third type, a magnetic field is placed in such a manner that the emitted elec-
trons describe cycloidal paths, and successively bombard plates placed in the same plane.

This type of multiplier employing a magnetic field is shown in Figure 13. The lower plates
are target plates having good secondary emission properties while the upper plates are called the
field plates. Voltages are applied to the plates by means of the voltage divider shown. Notice
that each target plate is connected by means of a dotted line in the figure to a field plate that
is one position to the left. The slanted dotted line between a field plate and a target plate indi-
cates that the two plates are at the same positive potential. A magnet is located so that the lines
of foce cut through the tube as shown in the end view of Figure 13. When a beam of light is
focused on the first target plate at the left, photo-electrons will be emitted because of the photo-
electric properties of the first plate. The first field plate which is a grid mesh and at a higher
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positive potential than the light target will tend to attract the electrons. However, when the
electrons travelling toward the first field plate pass through the magnetic lines of force, they
will tend to be forced in a curved path toward the second target as shown in the Figure. On
striking the second target, more secondary electrons are emitted and describe a curved path
to the third target. This procedure is continued stage by stage until the final plate or collector
is reached.

The surfaces suitable for the emission of secondary electrons are many, but the ones
most generally used because of their high secondary electron yield is a Caesium on silver oxide
surface. The secondary electrons sometimes numbering ten times the number of primary bom-
barding electrons.

Construction of the multipliers has not been very wide up to the present date due to the
difficulty associated with the high vacuum technique necessary for this type of tube. The art of
developing such sensitive photo-electric surfaces is also very new, and it is by no means a
production proposition as yet.

Zworykin developed his electron multiplier largely for the purpose of amplifying delicate
currents from his Iconoscope or television camera. For this purpose, it is invaluable, because
of the low initial voltage available. Consequently, its extremely low noise level makes it about
the only device which can be properly used for this purpose. The amplification which can be
expected from such a device built into one single tube often exceeds ten million, It differs from
the ordinary vacuum tube amplifier also in that an electron multiplier is essentially a current
amplification rather than a volitage amplification device. The actual gain depends upon the number
of stages and also upon a constant dependent upon the nature of the individual emitting surface
and working voltage etc. Mathematically speaking, it is expressed as

G=sh (1)

where G is the gain, s is the constant of secondary emission, and n = the number of stages. The
constant s can be broken down into a function of the working voltage and constants depending upon
the various factors of the multiplier such as the type of emitting surface, etc., or

s = AVe PV (2)

where e = 2.718, and V is the voltage per stage. The voltage per stage V can be expressed in
terms of the voltage V, across the whole multiplier in the following manner
Vo
V=

(3)
n
Expressing G in terms of this function we get

n
AV -
o X e pVo (4)
n

As it is desirous to determine at what value of these constants the gain will be a maximum, it
is found mathematically from the above expression, what value of n will make G a maximum, and
this is found to be

G =

AV
n-= —————o (5)
e
A
Therefore Gmax =€ ¢ — P Vv, (6)

In order to determine the constants’ A and p, use is made of equation (2) and of an experimen-
tal curve showing the relationship between s and V for a given surface.
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The maximum value of V is found on this curve and its value is substituted in equation (2).

It is also found from equation (2) that s reaches its maximum value when

V= — (7)

The equations given above will hold for any type of Zworykin electron multiplier. There is
an additional computation however in a type where electron lenses are employed to direct the
emitted electrons. The path of the electron through these varying fields is derived in the same
manner as the electron gun and is fully described in the Assignment on electron-optics.

A radically new type of electron multiplier has recently been suggested by Mr. U. A.
Sanabria in which the current amplification is electronic throughout.

We have seen that in the ordinary type of electron multiplier whether they be of the Zworykin
or Farnsworth type, electron multiplication is accomplished by means of secondary emission, or
fundamentally speaking a few primary electrons liberate a great many more secondary electrons
from a photo-electric surface. However, energy must be used to liberate these secondary
electrons from the photo-electric surface as well as accelerate the electrons. It is easy to see
that the energy used to overcome the work-function of the metal or to free the electrons from
the photo-electric surface is wasted as far as actual current amplification is concerned.
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Figure 14.

The fundamental idea underlying Mr. Sanabria’s invention is that of a progressive device
in which a small number of electrons at high velocity causes the repulsion of an electron cloud
from its cathode, and these electrons are in turn amplified in the same manner.

The tube consists of a primary emitter K and anode A at one end. See Fig. 14. The number
of electrons in the beam that is caused by this arrangement being varied by a conventional grid or
aperture control, C. Situated next to it along the axis of the tube is a cloud forming cathode.

This consists of a cylinder which is coated on the inside with an emitting substance and around the
outside of which is wound heater wires. Electrodes are situated on either side of this cathode and
charged suitably so that the electron cloud formed by the cathode normally remains within the cylin-
der. When the high velocity electrons from the primary emitter come within the vicinity of this
very dense body of free electrons, a strong electrostatic repulsion is set up and a great many elec-
trons are forced out of the cylindrical cathode space for each primary electron which enters it.
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These electrons are accelerated in turn and are focused into a beam into a similar cathode cylinder
arrangement. This action takes place progressively through several stages. The number of electrons
falling upon the final target plate is many million times the number of electrons in the primary

beam.

The gain can be computed for this type of multiplier similarly to the other type of electron
multiplier, the gain per stage instead of being dependent upon the voltage and the type of surface,
however, is dependent upon the voltage and the density of the electron cloud, together with the
actual arrangement of the electrodes.

We have seen how the conventional type of electron multiplier has a very low noise level due
to the elimination of the input resistor which is necessary in the conventional type of triode ampli-
fier. However, two sources of noise still remain, one of these is due to the fact that the current
flowing in any type of electronic device is composed of discrete particles, and therefore, there
must be random fluctuations as these particles arrive at the anode. It will be seen that this
noise is fundamental in nature and can not be totally eliminated. In the Sanabria device the effect-
ive space charge minimizes this effect, while the other types of multipliers by virtue of their work-
ing principle, can not. The other source of noise is due to the electrostatic disturbances set up
when the electron strikes the photo-electric surface, and by the very nature of the Sanabria multi-
plier principle, this source of distortion is eliminated. A five-stage Sanabria electron multiplier
is illustrated in Figure 14,

The Farnsworth Multiplier

A diagram of the Farnsworth Multiplier used to amplify the output of the Image Dissector is
shown in Figure 15. In the multiplier section are two parallel plates A and B about 4 cms. in diam-
eter and about 6 cms. apart. The plates are coated with a secondary emitting surface of Caesium on
Caesium oxide. Between the two plates is located a short cylinder of metal, C, which collects the
current which has been multiplied by means of the plates. The electron stream which passes through
the aperture of the image dissector enters the multiplier section through a hole in plate A. An

ANODE OF oscillating potential is applied across the plates as
D'SSECTO\R TUBE S shown in the diagram. The electrons that pass through
SECTION the hole when the oscillating potential is going through
\| 1 y zero and proceeding to make plate B positive will be

A o cC B 1 attracted to plate B. Upon striking plate B, they will
APERATURE -} -~ - 1 liberate a large number of secondary electrons. The os-
AT oF A T T T e [ cillating potential is timed so that one-half cycle cor-
ELECTRONS l:"" responds to the time required for an electron to travel
from A to B. Hence, when the electron stream strikes B,
J the potential reverses and the large number of secondary
| L electrons are attracted to plate A. On striking A, a
_‘ M'I J larger number of secondary electrons are liberated and
- +9°V__;‘\QQ9;QQ.QJ_ the potential reverses so that the secondary electrons
i S = are attracted back to B. A few such reversals will serve
to multiply greatly the first few electrons that origin-
—= ally entered the hole. The collector ring C is at a posi-
. tive potential and will serve to give the multiplied elec-
OSCILLATOR trons a motion in a direction at right angles to the axis
Farnsworth Multiplier and as a result they will eventually strike the collector.
The electrons that reach the collector ring represents
Figure 15. the useful output of the multiplier. The output of such
a multiplier under the proper operating conditions is
quite stable and will give an amplification of at least
1,000. The output of the multiplier now can be handled
by the conventional amplifier without trouble.

9

Low-Velocity Electron-Beam Scanning

The type of iconoscope thus far discussed employs a high-velocity beam accelerated by a po-
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tential on the order of 1,000 volts. From the preceding we may deduce the following information
relative to the scanning of insulated surfaces with high-velocity beams.

(1) Redistribution of the secondary emission over the mosaic is an essential part of the
the discharge process.

(2) The secondary emission produced by the beam at the mosaic, and the photo-emission
from the mosaic are both unsaturated.

(3) The potential swing of an element of the mosaic is limited.
Taking these in order, we find’

(1) The redistribution of secondary electrons is generally not uniform and results in the
““dark-spot’’ or spurious signal. This limits the usable beam current and amplifier gain.

(2) The fact that the secondary emission and photoemission are not saturated reduces the
operating efficiency to about ten per cent.

(3) The limited potential swing of an element limits the maximum signal that may be obtained.

In an effort to overcome the limitations encountered with high-velocity scanning, consider-
able experimentation has been conducted using low-velocity beams. A high-velocity electron beam may
be described as one which produces a secondary emission ratie greater than unity, while a low-veloc-
ity beam is one in which the electron velocity is not high enough to produce a secondary emission
ratio greater than unity. It is therefore evident that an insulating surface is charged positively
when struck by a high-velocity beam, and negatively by a low-velocity beam. Yet, each of thse beams
may be used to neutralize the positive charges produced on the mosaic by the emission of photo-elec-
trons due to an optical image focused on the surface. A low-velocity beam does this by depositing
electrons to replace the emitted photo-electrons. A high-velocity beam discharges such a surface by
the more complex process invoving the redistribution of secondary electrons over the mosaic, as
already explained.

The diagram in Figure 16 will aid in a preliminary
description of low-velocity beam scanning. If the beam
CONDUCTING current is sufficient, the arriving electrons charge the
T ’
prioTo ELECTRONS\ e mosaic surface to the cathode potential, after which no

COLLECTOR . "
P further electrons can strike the mosaic. The collector
ELECTRON GUN —&-- potential may be high enough to saturate any electron
v /B 10 emission from the target; thus, when an element is lighted
7 Amvp 2 saturated photo-emission is drawn to the collector and
—25V. the element is driven positive during the time when it is
= / 4. not being scanned. When the beam strikes the element
soaeocTY L INSULATING  38ain, it drives the potential back to that of the cathode.
= / LAYER The charging of the mosaic surface to cathode potential
i gsggmlgss releases a corresponding charge from the signal plate to

produce the video signal. In this elementary form. low-
velocity scanning avoids secondary electron redistribu-
tion since all of the liberated electrons are drawn to
Figure 16. the collector. This prevents the formation of a spuri-

ous signal. Moreover, the high collecting field satu-

rates both photo-emission and secondary emission, and
makes possible an efficiency approaching one hundred per cent. Also, the potential swing of an
element may be up to 20 volts or more (although in practice much lower values are found), resulting
in greater output.
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However, low-velocity beam scanning has several

3 300 limitations. For example, the simple arrangement in Fig-
5 200 —" ure 16 is not practical, since the beam becomes very un-
3 stable as it is slowed down to zero velocity near the
o target. The operation is also markedly affected by wall
x 100 charges, by small potential differences over the mosaic,
9 and by space charge in the beam itself. These tend to
% o defocus the beam and distort the image. Figure 17 illus-
© BEAM VE":_%C‘TY (V(IDO%S) 150  trates the effect of defocusing at low-velocity and the
. consequent reduction in resolution. In development
Figure 17. models of this type of device a uniform magnetic field

is used for focusing purposes.

It is desirable to have the beam strike all points of the target with the same component of
velocity normal to the surface. Suppose this were not so. Then, at those places where the normal
component is the larger, the mosaic surface will be charged more negatively. This is shown in Fig-
ure 18, which shows a ten-volt beam approaching the mosaic at two different angles. At normal (90%)
incidence, the beam charges the surface to -10 volts before
SURFACE POTENTIAL  the electrons are reflected. At other angles, the potential

\.-
%j\

OF INSULATOR assumed by the surface will be numerically less than -10 volts.
—8VOLTS For example, in Figure 18, where the normal component corres-
IOEV. ponds to eight electron volts, the surface is charged to -8
- —IOVOLTS volts before reflection occurs. Hence, even with no image on
INSULATOR the mosaic, a potential gradient may be set up, resulting in a
spurious signal similar to that found in high-velocity beam
Figure 18. scanning.

For low-velocity scanning, higher beam currents (on the order of 2 microamperes) are necessary
Difficulties arise here, since heavier beam currents are of larger cross-section, and require larger
focusing fields. Also, there is an upper limit to the beam current that may be passed, due to res-
trictions imposed by space charge. The limitations could generally be avoided by arranging for the
beam to move at relatively high velocity until it is near the mosaic where it is slowed down over a
short distance to substantially zero velocity.

Further problems arise concerning the deflection of low-velocity beams. If deflection is
accomplished in the usual manner before the beam enters the magnetic field, the pattern will be
badly distorted by the fringing of the magnetic field. For this reason deflection is accomplished
within the magnetic field, and requires a system of unusual design, as illustrated in Figure 19.

The image is focused upon a two-sided photo-electric mosaic M, which is immersed in the uniform
magretic field produced by the focusing coil. The flying spot forming the raster of a cathode-ray
tube is focused upon a translucent photo-cathode, P. (The light from the cathode ray tube is of
constant intensity, i. e., the C.R. beam is not modulated.) The incident of the light from the

C.R. tube upon P causes the

“M" TWO-SIDED MOSAIC S
SIDED TRANSLUCENT IMAGE €emission of photo-electrons

“"A" ACCELERAT 'R '
g PHOTOCATHODE from the particular area
P" TRANSLUCENT SCAN- - . .
MING PHOTOCATHODE ELECTRON IMAGE illuminated at any instant.
FLYING SPOT \ ,, ,,,,COL,L-ECT(I)R These photo-electrons are
OPTICAL IMAGE

accelerated by a cylindrical

anode, A, and then scan the
Id OBJECT side of the Mosaic M facing
f | LENS the C.R. tube. Briefly, then,

= = _|__ l the spot from the C.R. tuhe is
+ =_300V.
+

=t
=
i
N\

FOCUSING used to excite P and the result-

coi V.= ing photo-electrons perform the

3%23”‘”‘; ‘ scanning in unison with the light
from the C.R. tube. Photo-electric
beams up to two microamperes have

Figure 19. been obtained in this way.

. . Only a negligible amount of
lag is noted resulting from the phosphorescent lag of the C. R. tube screen
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Electrostatic deflection may also be employed in conjunction with a hot cathode. The plates
are immersed in the magnetic field used for focusing, and they must be as wide as the mosaic. That
is, the horizontal and vertical plates form a box-like affair (rectangular parallel piped) whose
cross-section is equal in area to that of the mosaic.

Magnatic deflection may also be employed in conjunction with a hot cathode. Due to the large
fields necessary, experiments to date have confined magnetic deflection to the frame scan, while hori-
zontal deflection is electrostatic. A great deal of additional investigation remains to be done for
the purpose of determining optimum designs for low-velocity. Considering its many advantages, es-
pecially as regards its negligible spurious signal, higher efficiency and output, this type of device
opens new roads towards the progress of television pick-up tubes.

The Image Iconoscope

Another type of iconoscope makes use of secondary-emission electron image intensification,
and is illustrated in Figure 20. In this form, the image iconoscope consists of a photocathode, P,
upon which is projected an optical image, an electron lens system, L, for focusing the photo-electrons
from P onto the mosaic M, and an electron gun which scans the mosaic in the usual way. The photo-
cathode, P, is semitransparent and has a sensitivity between 20 and 50 microamperes per lumen, as
compared with the 15 microamperes per lumen of the standard mosaic. One method of preparing the
photo-cathode consists of evaporating an extremely thin layer of silver on a glass disc, or directly
on the end of the tube. The silver is oxidized and caesiated and finally silver-sensitized. Excel-
lent spectral response can be obtained by proper control of the photo-cathode preparation. For sen-
sitivities on the order of 50 microamperes per lumen, the infra-red response is generally too great,
so that somewhat less sensitive films are used in order to yield a more satisfactory ratio of infra-
red to visible response.

The incidence of the light image upon P causes the imission of photo-electrons which are drawn
away from P by the strong field produced by L, which accelerates and focuses the photo-electrons
upon the mosaic, M. There thus appears on M an electron image corresponding to the light image,
since the emission from P per unit area is proportional to the light intensity. The electron or charge
image on the mosaic is then scanned by the beam from the electron gun, and this produces the video
signal. The significant feature about the image iconoscope is the fact that for each photo-electron
liberated by P, several secondary electrons (ratios from 3 up to 11) are released by M. Hence, for
a given illumination the charge built up on the mosaic in a tube of this design is much greater than
that on the mosaic of a standard iconoscope. The same statement is true in the case of the iconoscope
shown in Figure 90,

The electron lens, L, may be either of the electro-
static or electromagnetic type. If the former, there are
several coaxial cylinders with successively higher poten-
tials for focusing and acceleration. The final anode volt-
age of such a lens system ranges between 1,000 and 3,070
volts. At 1,000 volts the resolution of the device corres-
TO ponds to about 400 lines, while at 3,000 volts is about
AMP 800 lines, the limit probably being determined by mechan-
ical imperfections of the lens and photo-cathode.

"P" TRANSLUCENT
PHOTOCATHODE

IIMII MOSAIC

" ELECTRON
LENS

o A magnetic electron lens for this type of tube re-
ANODE — quires special design. The coil must be large compared

ELECTRON GUN —]__-l to the diameter of the electron image if severe aberra-

i tions are to be avoided. To this end it is constructed

in such a way that the flux lines close to the photo-cathode

approximately coincide with the paths which the electrons

would follow if there were no magnetic field. Although

relatively unimportant, defects occurring in this type of

lens include curvature of field, distortion and chromatic

aberration.
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The mosaic M may be of the usual iconoscope variety. Or, it may consist of caesium globules
with no silver deposited on the mica. This yields greater sensitivity and resolution, but it is more
difficult to obtain uniform globules than in the standard mosaic. A third type of mosaic, which is
the one most generally used, employs an insulator (china clay) in the form of a finely divided powder
covering a metallic signal plate. When suitably activated, this form of mosaic is more sensitive
than the others described. Its operation is based on conductivity through the mosaic, a potential
being applied between the second anode and signal plate.

The electron gun for scanning is of conventional design, the beam voltage being about 1,000
volts and the beam current between .1 and .2 microampere.

Although the sensitivity of this tube decreases as the voltage on the photo-cathode is in-
creased above 600 to 800 volts, nevertheless, the improved resolution makes it advisable to use from
2,000 to 3,000 volts. Another advantage of employing the higher voltage is that it minimizes the in-
teraction between the electron image and the scanning beam. At and over 2,000 volts this interaction
is negligible.

Under comparable operating conditions the sensitivity of the image iconoscope is between six
and ten times that of the usual type of iconoscope. Although a spurious signal is generated conse-
quent upon the electrons’ redistribution, it is very small compared to that found in the standard
form.

The Image Orthicon

The search for more sensitive television cameras is one of the present major research
problems of the television manufacturers. Toward this end, RCA engineers have recently unveiled
a camera tube claimed to be one hundred times more sensitive than the Iconoscope and Image
Dissector tubes already described. The tube, shown in Figure 21, is known as the Image Orthicon.
Due to the additional sensitivity, the tube possesses the following advantages:

1. A greater depth of field, thereby permitting the inclusion of background that would
otherwise be obscured or blurred.

2. The ability to televise scenes too dark to produce an acceptable image with the
iconoscope and image dissector tubes.

Physically, the tube looks like an elongated image projection tube, being approximately 15
inches long and three inches in diameter at the head. Electrically, the tube is divided into three
parts: the image section, where the equivalent distribution of charge over a photosensitve surface
is formed; a scanning section, consisting of the electron gun, the scanning beam and deflecting
coils; and finally, a multiplier section where, through a process of secondary emission, more
current is generated than is contained in the returning beam. This action is closely akin to the
electron multiplier contained in the Farnsworth Image Dissector. Fig. 22, illustrates these three
sections of the Image Orthicon.

In operation, light rays from the scene to be televised are focused by an optical lens system
onto a transparent photo-sensitive plate. At the inner surface of this plate, electrons are emitted
from each point in proportion to the incident light intensity. Note that the light rays must first
penetrate the transparent plate before they reach the photosensitive inner surface.
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The emitted electron image (in
which at each point, the density of the
electrons corresponds to the light at
that point) is accelerated to the tar-
8| get by a positive grid, At the target
the impinging electrons produce second-
ary emission and thus develop a- pattern
of positive charges directly proportional
to the distribution of energy in the

Figure 21. arriving electron image. The target is
not photosensitive, but it is capable
of emitting secondary electrons. Notice
that through this method of forming a charge distribution on the target, it is possible to obtain a more
intense degree of positive charge distribution than if light itself had been permitted to shine on a
photosensitive mosaic, as in the Iconoscope.

The back of the target is scanned by a low-velocity electron beam. This beam is slowed down
just short of the plate, and at each point gives up sufficient electrons to neutralize the positive
charge at that point. The remainder of the electrons in the beam then return to an alectron multi-
plier arrangement where several electrons are produced for each impingzing electron, The result
at the output is a current amplified many tinres over the current in the return beam.

It is evident that the most positive points on the plate return the least number of electrons
from the original scanning beam. Hence, the voltage developed across the output load resistor is in-
versely proportional to the positive charge intensity on the target. As we shall see presently, this
corresponds to negative phase polarity in the signal.

In order to fully appreciate the opertion of the image orthicon, a more detailed analysis of
the construction of the two-sided target and its operation is required. In order to function effec-
tively, the two-sided target must be able to conduct electrons between its two surfaces but not along
either surface. The logic of this is evident. Whatever charge appears on the one side of the target
SCREEN
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Figure 23.
due to the focused image, must likewise appear on the other side. It is this second side which is
scanned and it is from here that the video signal is obtained. Hence, a conducting path must exist

between the front and back sides. On the other hand, nothing must disturb the relative potential
that exists throughout the charge pattern, as deposited on the front side of the target. Hence, no
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conduction is permissable between the various elements of any one side of the target plate. Where
this occurs, then the charge differences between the various points on the image would disappear.

The two-sided target used in the image orthicon consists of a thin sheet of low-resisting glass.
The resistivity between the front and back sides is sufficiently low so that if we were to place oppo-
site charges on the sides, complete neutralization (by conduction) would occur in less than 1/30 of a
second. In this way, we prevent one frame from affecting the next frame, an effect which is known as
‘“‘hangover.”’

The thin sheet of glass is about 1-1/2 inches in diameter. It is placed about two thousandths
of an inch from a flat fine-mesh screen. The purpose of this fine-mesh screen is to collect second-
ary electrons that are knocked off the target when the photoelectrons impinge upon it. In order not
to interfere with the oncoming photoelectrons, the mesh contains 500 to 1,000 meshes per linear
inch, an open area of 50 to 75 per cent and a considerable accuracy of spacing.

The variations in potential on both sides of the target during one cycle of operation are
shown in Figure 23. In the first illustration, Fig. 23A, both sides are at zero potential, brought
to this point by the scanning beam. The fine-mesh screen is purposely held to -1 volt to collect
secondary electrons. In the second illustration, the target has been exposed to the light and a
positive charge due to the secondary electrons which have been given off due to the photoelectrons
from the photo-cathode. The scanned side of the target also is brought to the -1 volt potential
due to the conducting path between both sides of the target.

In the last illustration, Fig. 23D, the electron beam has just scanned its side of the tar-
get, neutralizing the positive charge. Remember that in this tube the electron beam gives up just
enough electrons to neutralize the positive charge. The remainder of the electrons (in the beam)
return to the multiplier structure. The picture side, in this third illustration, is not shown at
zero voits because of the slight time lag (due to the fact that there is a certain amount of resis-
tance between the two sides) before complete neutralization occurs. By the time the next frame is
ready to begin, the charge has been neutralized and the potentials have once more reached zero.
This completes one cycle and is repeated over and over again, as long as the equipment is in oper-
ation.
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CHAPTER V
CATHODE RAY TUBES

Ever since Nipkow originated the idea of dissecting an image by means of scanning, there
has been a continuous search for more suitable means of image formation. Thousands of dif-
ferent scanning devices have been invented, most of them mechanical, but the modified Braun
tube seems to be the most satisfactory image former invented up to this time. This must not be
construed to mean that mechanical scunning is entirely out-dated. The Scophony system in Eng-
land and several other similar types of mechanical scanning, seem to be equal, if not superior
to electronic image formation for large pictures. However, the latter has become by far the most
popular system within the last few years.

Fig. 1. A modern cathode-ray tube built at American Television.

The fundamental advantages of the cathode ray tube for television purposes may be summed
up in the following sentences:

1. Elimination of all mechanical driving means, therefore absolutely noiseless operation.

2. Only a small amount of power is necessary for deflection and modulation of the cathode ray
tube so that the amplifier and synchronization costs are relatively small.

3. The position and brightness of the ray are not controlled by separate units as with a mechan-
ical receiver,

4. As a rule, there are no absorption or aperture losses since no optical lenses are employed.
5. Ideal spatial distribution of light from the picture.

6. The light from the beam can be used without any of it being screened off, i.e., without any loss
of screen light.

7. Because of the freedom from inertia of the ray, one can use scanning methods ir which sudden
changes of the scanning speed are possible,

8. The evenness of the picture raster (the luminous area on the fluorescent screen which is formed
by the application of the normal deflecting fields to the electrom beam) does not depend on
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expensive, accurately made
earity of the deflection,

mechanical parts, but to a first approximation only on the lin-

9. It is possible to scan with varying numbers of lines per picture or pictures per second by sim-
ple changes in the circuit values.

10. One can change over to other scanning systems by the use of simple switching arrangements.

11. Cathode ray tubes can be manufactured with simple and cheap components.

The idea of using a cathode ray tube for oscillographic purposes is generally credited to
Braun. This German physicist constructed high voltage, cold cathode tubes which he used for osc-
illographs. At first the electron beam was entirely focused by leaving a small amount of gas with-
in the tube, Later on, this method was used in conjunction with magnetic focusing.

focusing purposes.

Fig. 2.
A Von Ardenne Tube, 1932.

At that time, little was known about the electron lens
method of spot formation and the earlier cathode ray tubes
seemed to be very much inferior to mechanical methods of
picture reproduction. Then various mathematical analysis
were made by several investigators of electron optical sys-
tems. Practical tubes were then made embodying the relat-
ionships found by various experimenters among whom were
Zworykin, Von Ardenn, and others.

In gas-filled tubes, argon gas at pressures of 1074 to
10-3 mm of H_ is used. The gas is employed to neutralize
the negative cﬁarges which accumulate on the walls of the
cathode ray tube and to focus the electron beam. Neutral-
ization of the negative charges on the walls of the tube is
accomplished by the positive gas ions which are produced
when the electrons, streaming from the cathode collide with
gas ions.

The focusing action of the gas can be explained as follows: The electrons leaving the cathode
are attracted to the screen by a high positive voltage placed on an anode located between the cathode
and fluorescent screen. However, due to the presence of the gas, some electrons in the beam will
strike the gas atoms, causing the atoms to lose an electron and hence, to acquire a positive charge.
The gas atoms, having considerably more mass than an electron, will hardly change position be-
cause of this impact. The electrons that are produced by the collision drift outward very rapidly
because of their light mass., As a result, a column of positive ions extends down the length of the
tube, producing a positive electric field. The direction of the field is such as to force electrons in
toward the axis of the tube. This offsets the natural repulsion of the electrons for each other and a
well-defined, sharply focused beam is produced.

During the transition period, when gas tubes were being replaced by high vacuum electron
lens tubes, a tube which embodied both the systems of focusing was employed, For instance,

the tube used by Von Ardenne in 1932 and 1933 used both electron optical methods and gas for

Now gas tubes have some advantages over high vacuum tubes and vice-

versa, but the high vacuum tubes have shown themselves to be superior for television purposes
and they are the only ones which are in general use today. The advantages of the gas tubes and
the high vacuum tubes are listed below:

Advantages of Gas Focus Television Tubes Advantages of High Vacuum Television Tubes
1. A lower anode potential is required. 1. Tubes possess a much longer operating life.
2. Tubes possess higher deflection sensitivity. 2. They are stable during operation.

3. Higher spot brilliancy possible with same 3. They have extremely better modulation

4,
5. Electrode assembly easier to manufacture.

anode voltage.
The electrode assembly is cheaper

characteristics.
4. They possess better raster contrast.
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Discussing the above points briefly and taking them in order. The gas focus tube requires
a lower anode potential because a reasonable brilliancy can be obtained at a low potential, The
reason that this is so is that the effects of space charge in an electron beam can be neglected in
this type of tube, In electron optical systems, however, only a small beam current is allowable
otherwise the focus of the beam is destroyed. Therefore, to get the same input power to the
screen of the tube, we must use a much higher deflection sensitivity, because of this lower anode
potential, The electrode assembly of the gas focus tube, is, of course, much simpler because no
complex focusing electrodes are required, It is easier to manufacture, because accurate align-
ment and formation of the electrodes in an electron optical assembly is essential,

HORIZONTAL. The high vacuum tube possesses a much longer life than any gas
PFLATES' focus tube, because in the latter, the emitting surface is destroyed by
the bombardment of positive ions, and in spite of all attempts to con-
anooe — | 22 DEFLECTNG  struct an assembly which would minimize this difficulty, the operating
life of the tube is very short compared to the more modern high vacuum
type. The high vacuum type of tube possesses a much more stable op-
—FLaMENT  erating characteristic than the gas focus types. In the latter, charges
accumulate on the walls and also spontaneous oscillations in the gas
sometimes occurs. Charges are prevented from accumulating on the '

walls of the high vacuum type of tube by a coating of conducting mat-
3 __GLAss erial (usually a colloidal graphite known as ‘‘aquadag’’ which also has

a low light reflection) which also acts as a part of the focusing arrange-
ment and serves to gather the secondary electrons which are emitted by
Fig. 3 Electrode the fluorescent screen. This coating is not used in gas focused tubes,
assembly W. E. 224 because of the large anode current that would flow.

The modulation characteristic of the gas focus tube is, as a rule,
extremely poor. This is because the focusing action of the gas is directly proportional to the el-
ectron beam current. Therefore, any attempts to modulate the beam within wide limits will re-
sult in serious defocusing. In the high vacuum type of tube, on the other hand, the modulation
limits are quite wide, and if the bias and modulation is such that only a small amount of current
flows to the focusing electrodes, little defocusing of the spot occurs, When television tubes are
mounted in receivers, the fluorescent screen is usually covered by a mask which excludes from
view all but the area of the screen which is used by the picture. In a high vacuum tube, which is
equipped with good deflecting means this is really unnecessary because the contrast between the
raster and the unused portion of the screen is excellent. This is quite different from the gas focus
tube where such contrast is unobtainable., ,

Of the types of cathode ray tubes which can be used for television purposes, we need only
speak of the high vacuum tubes. This type can be divided into those which use a magnetic field
for focusing the ray, and those which use a system of charged electrodes for this purpose. Then,
the tubes can also be classified by the methods which they utilize for deflection purposes. Both
electrostatic and electromagnetic means have been used for scanning and some of the most suc-
cessful systems use a combination of both,

The cathode ray tube occupies the same relative position in the television receiver structure
as the loudspeaker does in the sound receiver circuits, Every circuit must be coordinated so that
its effect on the signal will fit in with the final function of the receiver -- namely, to reproduce
an image which is exactly similar to the transmitted image,

Roughly speaking, the cathode ray tube consists of three sections: The electron gun, where
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the beam is formed and focused, the deflecting mechanism where the beam is made to sweep ac-
ross the screen in the proper sequence, and the screen itself where the energy in the beam is con-
verted-into an equivalent light intensity. Except for the cathode and corntrol grid, the operation of
the cathode ray tube differs considerably from the conventional vacuum tube.

In a cathode ray tube, the electrons emitted from the cathode must be formed into a beam
which is projected at the screen. Hence, only the top of the cathode, the section which faces the
screen, receives the electron emitting substance. The cathode itself consists of a nickel core
upon which is deposited a coating of a mixture of the carbonates of barium and strontium. The
cathode, which is yet unactivated, is heated in a vacuum to a temperature much higher than the
normal operating temperature. As a result the barium and strontium carbonates decompose to
their respective oxides and then the barium oxide is reduced to pure barium to produce a thin
layer on the surface of the cathode. It is this thin layer which is responsible for the excellent
electron emitting properties of the cathode. Maloff and Epstein have shown that with a cathode
of the composition described, the activity will first improve with life and then decrease when the
free barium has evaporated.

The electrons, in leaving the cathode, spread out and must be formed into a beam. For this,
a system of electron lenses has been devised, one which accomplishes electrically what glass lenses
do optically. The elements of a typical electrostatic electron gun using two electron lenses is shown
in Fig. 4. This is further broken down into the first electron lens, Fig 5, and the second lens, Fig. 7.

Sccopb Avaoe First Electron Lens: The first
Congmos £ — = Jens system consists of the cathode,
. | IRST_AoDE, [ } the control grid and the first anode

Hearer =
\: x l T L of the electron gun. The electrons
TESIIIIT T CTT T T -—= from the cathode‘dre drawn, by

JL_ 0 Tl L T the positive voltage on the anode,
Corrmooe-) | IR into the region between the control
grid and the first anode. In Fig. 5
ELECTRON GUN the equipotential lines of the first
anode can be seen extending to the
cathode. Even if the control grid
Fig. 4. The elements of a typical is made negative, the positive
electrostatic electron gun. electric field must still be able
to overcome this negative charge
and present a positive electric
attraction at the cathode; otherwise the electrons will never escape from the cathode.

Equipotential lines are merely a short-hand method of illustrating how the electric field
about a conductor is distributed. By placing a voltage on the first anode, an electrostatic field is
developed around this electode. At various points in the field the electrostatic force will vary.
However, as a general rule, at equal distances from the anode the electrostatic force will be the
same. This is indicated by.drawing a line through all points which have the same electrostatic
force. Consequently, the equipotential lines in Fig. 5 show exactly how the field is distributed
about ‘the anode. The positive force represented by the equipotential lines attract the electrons
at the cathode and force them to travel forward.

The emitted electrons from the cathode must pass through a small opening in order to reach
the area between the control grid and the first anode. This, then, is the first method of shaping the
electrons into the desired beam. All other electrons strike the solid sides of the enclosure and
return to the cathode. From here they eventually reach the beam again.
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Fig. 5. The first electron iens. Fig. 6. The crossover region

in front of the cathode.

In order tn form the electrons which pass through the aperture into a beam, the various
sections of the first electron lens are so desigred as to force the electrons traveling from the
cathode to converge to a small area. This area is situated on the axis of the system, slightly
in front of the cathode surface. See Fig. 6. The point where the electrons converge is known
as the ‘‘crossover’’ point. From: this area the electrons move into the second lens system
where they are focused so that they reach the screen in a well-defined point. The electrons are
made to converge on the cross over point because then they present a better and more clearly
defined virtual cathode and it becomes easier to focus them. We may look upon this area as be-
ing a substitute for the original cathode.

Once the beam has been formed, it is the purpose of the control grid to vary the density
of electrons reaching this beam. At the screen, this variation produces a proportional vari-
ation in the light intensity and the image is produced.

Second Lens System: The second lens system consists of the first and second anodes. Electrons,
as they come from the crossover point, tend to spread out. In Fig. 7, the equipotential lines of the
second lens system are shown, The diverging electrons entering this electric field are made to
converge but the convergence is applied gradually
PECOND ANODE until the electrons are brought together to a point,
at the flourescent screen. The design of the ele-

4
ments of the second lens system is such that
FIRST ANODE\ electrons which are not on the axis of the system
—_— are slowly forced to that axis, This is the reason
/f-///]\ for the curvature of the lines of force. Had they
been made so that they extended straight up and
NJ/ down, it would have been impossible to bring them
together in a point.

The method of varying the point at which the

electrons meet--or the focusing of the beam, in
other words--is brought about by varying the po-
= Illll'll':;l tertial of the first anode. See Fig, 7. It would
4000 V have been possible to accomplish the same results

by adjusting the potential of the second ar.ode, but
the large voltage at this electrode makes this

Fig. 7. 5 o A q .
g The second electron lens procedure prohibitive, In addition, if we examine
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the lines of force of the second lens system, Fig. 7, we note that a srﬁall change of potential
here will have a proportionately larger effect on the direction of the electrons than if the
second anode voltage is varied.

Magnetic Focusing: The beam is now focused and ready for deflection. However, before
weé examine the several methods of deflecting the electron beam, let us consider briefly focus-
ing by magnetic means. Whenever an electron beam enters a magnetic field, a force will be
brought to bear on the electron. The only time the force is zero is when the electrons are
traveling parallel to the lines of magnetic flux.. With magnetic focusing, the focusing coil

is placed over the neck of the cathode-ray tube, and just beyond the cathode. When the electrons
begir to diverge or spread out after leaving the crossover region, they cut across magnetic
lines from the focusing coil and a force is brought to bear on them. The force is such that

it is at right angles to the direction of motion of the electrons and to the magnetic lines of
force. The path of the electron, under the impetus of this force, is a spiral, with one (or

more) complete revol:tions or circles completed by the time the electron reaches the fluor-
escent screen. See Fig. 8.

The electrons leave the cathode at varying speeds, but the
o e time required for any electron to complete the circle in its spiral
>LNoo)  flight depends upon the strength of the magnetic field and on the

' 2tio of the electron charge to mass. Since all of these quanti-
N — ties are the same for all electrons leaving the cathode, all
PATHS circles will be completed in the same time. The only effect
LIS that the different initial speeds will have will be in the radius
of circle traversed by each electron. However, any electron
from the cathode will complete its circle in the same time,

AXIAL F
MAGNETIC FORCE

CATHODE
APERTURE SCREEN

e o It is more practical to use a short focus coil, rather than

PATHS one which extends the length of the neck of the tube. The short
coil applies sufficient twisting to each electron to have it more
Fig. 8. toward the axis. Its forward motion ther keeps it traveling in

The path of the electrons this direction.
with magnetic focusing.

Beam Deflection

Electrostatic Method: The electrons, after they have been properly focused, are next sub-
jected to a deflecting force. This force, like the focusing, may be accomplished either electro-
statically or electromagnetically. We shall consider the latter case first.

To deflect a beam electrostatically, two sets of deflection plates are employed. One set
of plates are shown in Fig, 9A. The second set is mounted at right angles to those shown. The
electrons, in passing through the two sets of plates; are subjected to the electric field estab-
lished between them and deflected accordingly. To obtain the proper pattern on a cathode-ray
screen, for television, a saw-tooth shaped deflecting voltage is necessary.

It would be instructive, at this time, to determine the relationship which exists between the
distance the beam is deflected, at the screen, and the deflecting voltage needed to accomplish
this deflection. Let us consider one set of deflection plates, say those shown in Fig. %A. The
voltage placed across the plates can be lubeled V and this would be our deflecting voltage. To
deflect the beam upward, we would apply our voltage in such a manner as to muize the ton plate
positive with respect to the bottom plate. The distance between the plates is h.
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- Therefore, the electric intensity between
the plates is

DEFLECTION v
PLATES D d h

!
I
M Now, the electrons in the electron beam
possess a certain velocity by the time

1 they reach the plates. They have been
L. attracted from the cathode and accelerated

Do down the tube. At the plates, they are

subjected to two forces: (1) the forward

motion which they received in order to
reach the plates and, (2) an upward at-
traction produced by the positive top plate.
The result is neither a straight forward
———————————— D,g« motion or an upward motion, but a com-
bination of the two. If we consider only
the upward attraction produced by the
positive top plate, we have

T

Figure 9A - Electrostatic deflection of
an electron beam.

S

V - e
3 acceleration = h m
A » where
e = charge on the electrons
m = mass of the electron
Figure 9B - Velocity components after _ A
leaving deflecting field. V = deflectlpg voltage between plates
h = separation of the plates.

It will be evident, after a little thought, that the value of the acceleration will depend
also on how long the electron remains between the plates. Remember, though, that the electron
has a forward motion and so will remain between the plates for a time equal to

S
t--T

1

where
‘s =length of the deflection plates
V, =forward velocity of the beam

Now, if we take this time, which is all the time the deflecting voltage has in order to accomplish
its purpose of deflecting the beam, and multiply it by the upward acceleration noted above, we
will obtain the upward velocity.

A" e s
axts -, =, 6 2
h m Vi

The ratio of the upward velocity, Vyu » to the forward velocity, V;, form two sides of a right
triangle, as shown in Fig. 9B. This same ratio is maintained after the electrons pass the
deflection plates. That is, the electrons now have two forces working on them and as a result
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of these two forces, the electrons move at an angle to the main axis. The path is given by the
hypotenuse of the right triangle formed in Fig. 9B. The distance along the base of the right
triangle is the distance from the center of the deflection plates to the screen. The vertical
distance upward, at the screen, denoted by Dy, is the distance the beam was deflected.

We have here, then, two similar right triangles and from plane geometry the
following ratio can be set up.

Upward Velocity of Beam _ deflection distance
Forward Velocity of Beam - distance from plates to screen
or,
Vu _ Df
v,
1 D+ %

The quantity, D + %, is the distance from the center of the deflection plates to the screen.

The center of the deflection plates is chosen in order to arrive at an average value. Actually,
the deflection of the beam becomes as soon as the plate region is entered.

Substituting for V, in the above equation, we have

Rearranging terms produces

Df=(D+§) Ves

hmVi

Now, Vi2 , the forward velocity can be shown to be equal to

2 e

where e = charge of an electron
m = mass of the electron
E = accelerating voltage between cathode and deflection plates.

2

Substituting for V;, above,

Vs

S
Df=(D+§)t

This is the equation which governs electro-static deflection.
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The expression indicates that the deflection of the beam is directly proportional to the de-
flecting voltage V (applied to the plates) and inversely proportional to the separation between
them. Furthermore, the deflection must take into account the acceleration given the electrons,
E, before they reach the deflection plates. A conclusion immediately indicated is that less
deflecting voltage is required when the beam is traveling slow than when it has been highly
accelerated. This is certainly logical since the longer the electron remains between the plates,
the longer the deflection voltage is effective and the greater the beam displacement.

In characteristic tables of cathode-ray tubes, the foregoing factors are combined into
a deflection factor or a deflection sensitivity. Both units provide the same information, but
from a different viewpoint. For example, for a 20AP4 tube, the deflection sensitivity is given
as 1.2 mm/volt kv, as an average value. In expanded form this means that with 1,070 volts
(1 kv} on the secord anode as the accelerating voltage (E in the above equation), 1 volt dif-
ference between the deflecting plates will move the team 1.2 millimeters at the screen. Since
the deflection sensitivity is inversely proportional to second anode potertial, raising the anode
voltage to 2,009 volts will decrease the displacement of the beam to 0.6 mm. By doubling the
accelerating voltage, we have halved the deflection sensitivity.

Instead of noting how far a beam is moved by one-volt change across the deflecting plates,
we could determine how many volts are required to displace the beam one inch on the screen.
For the 20AP4, the answer is 22 d.c, volts/inch/kv. and this would be known as the deflection
factor to differentiate between it and the previous unit. To convert from one unit to the other,
it is only necessary to know that there are 25.4 millimeters in one inch. Hence, if one volt at
the deflection plates moves the beam 1.2 mm. at the screen, we divide the 1.2 into 25.4 to see
how many volts would be requirad to move the beam one inch. The answer is 22 volts.

On the other hand, if we know that it takes 22 volts at the plates to move the beam one inch
at the screen, then we can divide 25.4 by 22 to determine how far the beam will move when only
one volt is at the plates. The answer is 1.2mm.

D.C. volts are specified since this eliminates any confusion concerning the exact number
of volts. A.C. volts must be qualified by such terms as average, peak, effective and more often
than not these are omitted, leavinz no indication as to the proper value.

Electromagnetic Deflection: ~We have already seen that a magnetic field exerts a force on a
moving electron and this leads quite naturally to the deflection of electron beams by means of
magnetic deflection coils. It is almost universal practice today to employ electromagnetic deflec-

78



tion with tubes which possess screen diameters of 10 inches or more. The advantage of this form
of deflection is that it provides a considerable amount of deflection with orly nominal amounts of
power. As a result, the cathode- ray tube can be shortened and the deflection coils utilized to swing
the beam through as much as 559, Similar action in a tube having electrostatic deflection would
require an excessively high voltage. If electrostatic deflection is attempted using only a reason-
able deflection voltage, it would be necessary to make the distance from the plates to the screen
fairly long, resulting in an oversized cabinet.

| ~ HOR To produce the magnetic deflecting field,
o *  two sets of coils are placed at right angles to each

) other and mounted on the section of the tube neck
where the beam leaves the focusing electrode and
travels toward the screen. There are two coils in

TUBE each set, as shown in Fig. 10, with oppositely placed
NECK coils comprising one set. These are connected in
/ series. A soft iron shell encases all the windings,

effectively shielding the coils from outside fields
and, at the same time, strengthening the desired
{ o HOR. deflecting flux. It is well to note that the horizon-

~oF

tal deflecting coils are vertically placed whereas,
for vertical deflection, the coils are horizontally
VERT. VERT, mounted. The necessity for this arrangement arises
from the fact, previously stated, that the force on
a traveling electron in a magnetic field is at right
Fig. 10. angles to both the direction of electron motion and
the magnetic lines of the field. See Fig, 11.

In fitting the deflection yoke--this being the technical name for the coil and its iron en-
closure-- the serviceman will have to rotate the unit until the image is properly oriented on
the screen. The tube, itself, will not require any positioning adjustment. When electrostatic
deflection is used, it is impossible to alter the position of the plates. In these instances, the
tube itself must be rotated.

Field Iron Core
Winding Laminations

\
rrrrrrrrrrICOEIET .'l'l'l"l'l{'l'l“ =
i iftisliatil

|||n|n|
)OOEOJ_,T-—&:::::::%::—-"—’:':-‘—_TT‘ i- ||||| f“’

zr I WA S ETEGTT LI SR TS AR GTISBs EF LT 5o

Control st Anode 2nd Anode
. MacNe 1ic LiNes OF Force
Grid Aar /('/“)/GHT /9/:/0/:./55 70
F7 oNe. oF FIGURE

MAGNETIC DEFLECTION

Fig. 11.
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A mathematical analysis of magnetic deflection indicates that the distance the beam is
shifted or displaced on the screen is governed by

where H the strergth of the magnetic field
change on the electron
mass of the electron

forward velo:ity of the electron

e
m
v

The remaining factors in the above equation are illustrated in Fig. 12. The equation,
through the relationship of the various items, demonstrates that the deflection, d, is

Inversely proportional to the velocity of the electron,

Inversely proportioral to mass of the electron.

Directly proportional to the magnetic field.

Directly proportional to the length of the deflection coil and the distance
from the coil to the screen,

AN S
s o o @

- —-~—~-T COS e—————*{

e p_—————.{

\FIELD Of
DEFLECTING ColL

Fig. 12. Electromagnetic deflection.

Beam Defocusing

Electric and magnetic fields are employed for deflection and focusing and consequently
it is reasonable to assume that any stray fields cutting across the tube will affect the beam.,
To prevent this occurrence, it is either necessary to shield the tube, or if this is impractical
at least to position it so that the probability of stray fielas reaching the tube is materially
reduced. If a metallic shield is decided upon, one should be obtained which will fit as snugly
as possible adout the tube to reduce the area actually occupied by the tube and prevent it from
becoming too bulky.
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There are additional sources which lead to image distortion or beam defocusing, the lat-
ter especially occuring at the edges of the screen. It may readily happen, for example, that the
electric field between the deflecting plates, or the magnetic flux generated by a coil is not sym-
metrical with respect to the axis of the tube. As long as the beam remains at or close to the
tube axis, very little distortion will be evidert., However, the unbalance will greatly increase
with increased displacement from the axis and with this will appear the defocusing.

Another defect, and one which exists only ir: magnetic deflection tubes is the appearance
of a dark spot at the middle of the screen of the cathode-ray tube. This spot is the result of neg -
ative iors, formed by a gas molecule acquiring a 1egative electron. These gas molecules are much
heavier than an electrorn and as such are not as readily affected by a magnetic field. This is
evident from the formula governing deflection by magnetic fields. The ions form a beam and are
focused in the same manner as the electrons. However, since they are less sensitive to mag-
netic deflections than the electrons, they will generally impinge at the center of the screen. By
continually bombarding this one region, they tend to destroy or disintegrate the screen, render-
ing it incapable of responding to the electrons or forming an image. In electrostatic deflection
systems, however, the ions receive the same deflection as the individual electrons and are de-
flected through the same angle as the electrons.

The reason for the differing effect can be obtained from an inspection of the equations
governing deflection electrostatically and electromagnetically. For the electromagnetic deflec-
tion, we have

while for electrostatic deflection, the expression is

1 A" S
XgX g (D.-

= s
2 E

d = 2

In one instance (electromagnetic) the mass of the deflected particle appears in the equation while
in electromagnetic deflection it does not. Hence, the ions, because of their greater mass. will

not receive the same deflection in electromagnetic systems that the electrons will receive. How-
ever, when the mass of the particle does not affect the final deflection, the ions will be beat through
the same angle as the electrons.

Electron Optics

The electron gun and its function in forming and focusing an electron beam has just been
briefly considered. #ith this overall picture in mind, it is now possible to investigate the beam
formation and focusing in greater detail, this time employing the laws of electron optics.

WHAT IS ELECTRON OPTICS? Electron optics may be defined as that division of the electronic
art which deals with the controlling of electrons in a vacuum in such a manner that desired images
are formed on a fluoresent screen, However, this definition is not quite broad enough, because
sometimes these electron images are not converted into a form of light, but are analyzed elec-
tronically. For example, a case where this action is utilized is in the television pick-up camera
such as the ‘“Image Dissector’’ tube.

Speaking in familiar terms, the electrons emitted by a cathode (usually heated® are direc-
ted along desired paths by a combination of electi)static and/or magnetic fields.
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In more exact modern terminology, the electrons act like waves in the ether, whose paths
are determined by the refractive fields through which they pass.

The History of Electron Optics. -~ The theoretical development of electron-optics begins with
the mathematical discovery of Sir William Hamilton that a charged partical moving through dis-
turbing fields would act similarly to a ray of light passing through media with varying refractive
indices.

The next major step was the experimental discovery in 1927 by Davisson and Germer that
electrons underwent diffraction when they were reflected from nickel crystals, thus tending to
show that if the electron was not entirely wave-like in nature, at least it was partly so, and the
belief has grown more and more prevalent that all matter exhibits a dual nature, that of the
wave and the particle.

G.P. Thomson, son of the physicist, J.J. Thom-
son, corroborated this theory of electronic structure
Cathode \ by showing how electrons formed haloes when passed

{ through metallic films. This is exactly similar to the
action of light when passed through very thin films,
and when Thomson calculated the wave-length as-
sociated with the electron from his experimental data,
——— _ // his evidence was indisputable.

= e
-
~—

The famcus mathematical physicist, DeBroglie,
enlarging upon the theories of Planck, Bohr, Sommer-
field, and Einstein, had already published his theory
on the ““wave-like’’ properties of matter. This theory
was further developed by Schrodinger, Heisenberg,
and Dirac. This theory is now ge:erally accepted and
a whole science has grown around it which is commonly
called, the new ‘“Wave Mechanics.’’ It has been extremely successful in explaining the exceed-
ingly complex photo-electric phenomena, and mary other points which proved to be the downfall
of the classical theory.

7
Fluorescent
Screen

Fig. 13.

LR

The first experimental evidence of the reality of the light like properties of electrons
was probably exhibited in the Crookes’ tube. (Fig. 13) In one of the variations of the tube, the
anode consisted of a Maltese cross, and the electrons leaving the cathode in straight lines and
impinging upon the anode end of the tube wall, czused fluorescence, but showed a definite shadow
of the arode structure. Another form of this type of tube was built in which the cathode was a
concave structure and if a small ball of platinum was placed near its center of curvature, the
electrons proceeding in straight i.ines normal to the cathode surface would come to a focus at
this point, and the metal would be heated to incandescence by the bombardment of the rays.

Probably the first and best known person to experiment with ciithode ray beams was the
German Physicist, Braun. He mainly used very high voltage tubes with cold cathodes, and used .
the residual gas in the tube to complete the focus of his electron beam, so that no real wnrk
was done on focusing electrons by means of electron optical methods.

Several attempts were made to use this type of focus, but nezrly all of them were ‘‘hit or
miss’’ propositions, because the calcul:tions involved were complex and there was really no
important practical use for cathode rays at that time.

Then, in 1926 and 1927, some articles appeared in the periodical, Ann. Der Physick by
Bush, which gave a theoretical analysis of a narrow beam of electrons traveling in an evacuated
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tube, and showed that the beam would focus in any non-uniform magnetic or electric field pro-
vided that the fields had an axial symmetry with respect to the beam.

The same periodical in 1932 contained some articles by Knoll and Ruska and several others
dealing with simplified cases of thin electron lenses.

More recently, Picht extends the analysis tc a case where electrons are assumed to travel
through a continuously varying electrostatic field. His analysis, however, is not of great prac-
tical value owing to the fact that it depends upon exceedingly complex functions which are dif-
ficult to obtain.

Several experimental scientists working on a more practical side of the art had developed
electron guns suitable for practical purposes. Of these, we can mention Zworykin, Von Ardenne
and Farnsworth. In addition to this, a theory has been worked out notably by Epstein which was
of a more practical nature and which had been checked against actual experimental values.

There are two branches of ‘‘electron-optics’’ which are similar fundamentally but differ
quite radically in practice. The first of these is the case in which it is desirous to focus the
beam into a small well defined spot. This is the function of the electron gun which is used in
television receiving tubes and the iconoscope. The other branch is where it is desirous to
form a more complex image.

WHAT IS AN ELECTRON GUN? An electron gun is a device, the purpose of which is to form a
small well defined ‘‘spot’’ on a fluorescent screen or on the image plate of an iconoscope. (See
Fig. 14A.} It might be thought that all that is necessary to form this type of electron image is
to accelerate a thin beam of electrons. However, the electron bears a charge, and when a group
of electrons travel down a tube, they tend to repel one another and so spread apart no matter
how well defined the beam originally was. Therefore, many systems have been devised which
originally spread the electron beam apart and then i»end the paths of the individual electrons so
that they tend to arrive at a common point at a certain distance. In other words, to focus the
electron beam. In order to do this, an arrangement of electrodes or magnets are used which
are termed electron lenses. If electrostatically charged electrodes are utilized, it is called an
“‘electrostatic lens’’. If magnets are used, it is called a ‘‘magnetic lens’’. Fig 14 shows elec-
trostatic focusing of the electron beam.
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Fig. 14. The electron gun and its optical analogy.
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The electrostatic lens (Fig. 14A) usually consists of coaxial cylinders of different dia-
meter and at different potentials. However, this is not always the case. Any electrode having
axial symetry such as a cone or other complex surface may be used for the purpose, There
are four types of electrostatic lenses, namely, uni-potential lenses, by potential lenses, aper-
ature lenses and immersion lenses. The latter type of lens is usually found associated with the
cathode-grid potential distribution.

The Optical Analogy (Fig. 14B) The system of two cylinders (Fig. 14A) which are used for
focusirg purposes in an electron gun, (a bi-potential lens), may be compared to the optical
system of Fig. 14B with one important difference. In an optical lens, the boundary surfaces
are well defined and the refractive index changes abruptly from one value (that of air) to the
other (that of glass). In the case of the electron lens, however, this is by no means the case.
The refractive index continuously varies from one value to the other, and it may be compared
more correctly to an optical thick lens. Fig. 15A shows an electrostatic refractive field,
and Fig. 15B shows its optical analogue.
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Fig. 15. Deflection of electrons. The bending of the light
beam is shown for analogy.

In calculating the properties of an electron lens, we compare it to an optical lens with a
definite instead of indefinite surface, and an abruptly changing, rather than a continuously chang-
ing index of refraction,

The direction that an electron is refracted, that is, whether an electron beam is brought
to a focus or diverged, depends upon the potential-difference between the two cylinders, and
whether it is positive or negative; that is, whether the potential-gradient tends to accelerate or
decelerate the electron, depending upon whether the potential-gradient is positive or negative.
Generally speaking, if the field is accelerating, the lens is a converging lens, but if the field is
decelerating, it is a diverging lens depending also, of course, upon the configuration of the elec-
trodes. The electrode construction of Fig, 17 represents a converging lens, if Anode No. 2 is at
a higher positive potential than Anode No. 1.

HOW TO DETERMINE THE PATH OF AN ELECTRON THROUGH AN ELECTRON LENS SYSTEM
BY A GRAPHICAL.METHOD. The first requirement for this method is to determine the lens
configuration, that is, the curvature of the lens or lenses in the system, This can behccom-
plished by locating so-called EQUI-POTENTIAL points and EQUI-POTENTIAL lines in the

lens system. There, we must learn the method of charting the lens configuration.

METHOD OF CHARTING THE LENS CONFIGURATION. The configuration of the lens can be
experimentally determined by charting the equi-potential lines. This is accomplished by means
of the arrangement shown in Fig. 16. An enlarged cross-sectional model of the electrode struct-
ure, built to scale of conducting material, is placed in a tank containing water of low conductiv-
ity, ordinary tap water will suffice in most cases. Fig. 16 shows the arrangement. The model
electrodes should not be completely immersed, they should partly extend above the surface of
the water.
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If voltage is applied across the model electrodes, a small amount of current will flow
through the water from one electrode to the other. The water in this case acts as an ordinary
resistor. As a result, at various points in the water between the electrodes we could locate
different values of voltage or potential in exactly the same manner that different values of
voltage or potential can be located on a voltage divider. The object in this case is to deter-
min the potential of a great many such points in the liquid and plot a line through all points
that are of equal potential to form what is called an EQUI-POTENTIAL LINE. The mea-
surement of the voltages at the various points is accomplished by an ordinary Wheatstone

Recoroils Parer ~ Bridge arrangement, as shown in Fig. 16. The volt-

age for the electrodes is obtained from the tapped

resistor AB which, in turn, receives its voltage from
the 400 cycle AC generator. The tapped resistor CD
serves as one side of the bridge. The other side is
from A through HIFKL to B. Point E is connected
through a pair of headphones to a probing rod at
point F. When the probing rod at F touches the sur-
face of the water, a signal is heard in the headphones.
The adjustable tap at E is then moved until no signal
is heard in the phones. At this point, the potential
at F will be equal to the potential at E. The probing
rod can then be moved through several different
points (equi-potential points) at which no signal is
heard. If the probing rod is on the end of a pantograph
arrangement as shown in Fig. 16, the motion of the
probing rod can be reproduced by a stylus (G) attached
to the other end of the pantograph. This stylus or map-
ping pencil moves over a drawing of the electrode
sturcture of exactly the same size as the model and
placed as shown in the figure. Several different equi-
potential lines can be obtained by changing the setting
at E and locating the new places at which no signal
will be heard in the headphones. A chart of the equi-
potential lines will appear as shown in Fig. 17.

Propes

—("0)
Umﬁg When an electron flows through the lens system of
i 16 Fig. 17, each equi-potential line, or equi-potential
Plotting the gi.stri.bution of the surface will serve to refract or change the direction
lines ofgforce in an electron gun. of a light beam. Therefore, by a graphical method, we
must determine the amount of refraction at each in-
dividual surface until the electron stream has progressed through the entire electrostatic lens field,
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Bipotential Electron Lens
Fig. 17. The second electron lens.
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Now, to go back to the most simple case where the electron is moving parallel to the lens
axis,

Fig. 18 shows the path of the electron parallel to the axis of the lens striking the first
egui~potential line or surface AMN at point A. The curvature AMN was obtained from Fig. 17
(#1). The curvature fg of Fig. 17 is shown in Fig. 18 as DFG, At point A (Fig. 18) draw
a line OAB that is normal to the curve AMN, In other words, draw a line through point A that
would be perpendicular to a tangent of curve AMN at point A. This normal to the equi-potential
line represents the direction of potential gradient and the electron will be acted upon by a force
tending to pull it in this direction. The direction of potential gradient is shown in Fig. 18. Let
the original electron velocity be represented by some converient length V, Fig. 18. Then draw
a line V4 from the left extremity of V perpendicular to an extension of line AOB. Now then,
V, represents the component of velocity at right angles to the potential gradient, and Vy, rep-
resents the component of velocity in the direction of the potential gradient. Inasmuch as the
electron is acted upon by a force in the direction of the potential gradient, the component V},
will change in value after the electron strikes point A. No force acts in direction V,, hence
the component V; does not change., If we can determine the amount that V}, changes, we shall
be able to find out the new direction of the electron,

For light, we know that the index of refraction of two substances is equal to the ratio of
the velocities of light in the two substances. This also holds true in electron optics; that is,
the index of refraction P for an electron lens is equal to the ratio of the velocities of the elec-
tron when traveling through the lens and when approaching the lens. It has also been proven in
electron optics that the index of refraction of an electron lens is given by the relation

I 92
i \/ %1

where @5 and @1 are the potentials of equi-potential lines as shown in Fig. 18. In such a case,
we must consider an electron moving from a region at potential #; through a narrow region into
a region at potential @9,
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For purposes of calculation, let us assume that @1 was found by the Bridge method to be
ten volts and that flp was found to be 20 volts. Substituting these values in the relation for
Index of Refraction, we obtain

¢ 20
P- 7?‘:'\/‘5‘ =,\/{‘= 1.414

We also know that P equals the ratio of the velocities of the electron in the two media, hence
let us call the new component of velocity Vy. Notice that only the component Vi, of the original
electron velocity will be affected.

Hence, our ratio of velocities is expressed as follows:
Vx
Vb

P = = 1.414

Solving for V4 , we find that

Vi = 1414 V,

Now, lay off a length of line Vy that is 1.414 times as long as W, along the direction of
of the potential gradient so that it appears as line AB, Fig. 18. Line AB now is a component
of our new velocity. The component Vg of the original velocity did not change and appears un-
changed in our final velocity. At point B, erect a perpendicular AC to line AB that is equal in
length to line V,. We now have the two components of the final velocity, namely Vy and Vj.
A line drawn through the extremities of the two components will represent the final velocity
and its direction. In Fig. 18, line AC represents the final velocity.

So far, we have determined how the electron is affected when it strikes the first equi-
potential line in its path. Our next step would be to proceed from point D where the electron
hits the second equi-potential line in exactly the same manner as for the first. For example,
draw a normal to curve DFG at point D, find the components V,, and V, etc. The same pro-
cedure is carried out for each individual equi-potential line encountered. Bear in mind that the
region between successive equi-potential lines must be narrow for this procedure to give
suitable accuracy.

The foregoing description deals only with the main lens of the system. A practical
electron gun, however, consists of several lenses. (Refer back to Figure 2) The first lens
being made up of the control grid and first anode, the lens like properties of the cathode grid
field configuration being somewhat masked by the effect of space charge. The so called grid in
a cathode-ray tube is usually not a grid at all and is more properly termed the control electrode.
It consists of cylinder in which is mounted a perforated disc. This structure surrounds the
cathode and is commonly known as a ‘“‘Wehnelt cylinder.”” When the potential of this electrode
with respect to the cathode is varied, the intensity of the electron beam passing through the
aperature varies in proportion and thus, the brilliancy of the spot on the screen varies likewise.
This is how a television picture shown on a cathode-ray tube is actually formed, together with
the scanning deflections. It is interesting to note that while the lens like properties of the
cathode grid configuration is partly neutralized by the effective space charge, it is not entirely
so, and if the potential of the control electrode is varied within wide limits, the focus of the
beam will also be found to vary. Opinions differ in television circles as to whether this detracts
or adds to the quality of the television picture, but there is no doubt what ever that it is an
added effect or distortion which must be compenstated for.
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In an electron lens of the type described, there are several causes for aberration. The
first and most important of these imperfections is due to the size and position of the emitting
surface of the cathode. The spot formed on the screen of a cathode-ray tube, in most conven-
tional guns at least, is an image of the emitting surface, and unless this is small and regular,
there will be corresponding departure on the part of the image on the fluorescent screen,

The obvious correction for this trouble is to have a small depression in the end of the
cathode, which is packed with the emitting substance, the rest of the cathode being stripped of
any emitter. The next cause of difficulty is termed ‘‘spherical aberration’’ due to the similar-
ity of this imperfection in electron lenses as compared to optical lenses. This aberration
arises from non-symmetrical electrodes, perfect symmetry being hard to attain. It can also
arise from any other mal-distribution of the field. Another distortion present is due to
‘‘chromatic aberration’’ which is due to the electrons which comprise the beam having different
velocities. Naturally, when they pass through a common refractive medium, they are refracted
to a differing degree and the focus point is therefore much less distinct. In fact, due to these
different distortions, the spot on the screen is usually not actually the focus of the electron

beam as a whole, but more properly speaking, the disc of least confusion. Stops are used to
minimize aberration. '

Field ., et Lines
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R \_/
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/ === un End _
Cathode 552 - End
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MAGNETIC FOCUSING LENS MAGNETIC FOCUSING
Fig. 19A Fig. 19.B

WHAT IS A MAGNETIC ELECTRON LENS? A magnetic electron lens usually consists of a coil
which is placed about the neck of the cathode-ray tube (on the outside of the bulb, because of the

difficulties concerning high~vacuum technique). The uiagnetic electron lens of Fig. 19A is de-
signed to reduce spherical aberrations,

When a magnetic lens is used, a system of electrodes is constructed inside the bulb which
will cause a narrow beam of electrons to be emitted. The magnetic field which is coaxial with
the electrode arrangement being used to bring the beam to a focus. The magnetic field acts in
very much the same manner as the electrostatic field,

It differs, however, from the electrostatic lens in that it not only focuses the electron
beam, but it also rotates the beam about its axis, In other words, if the electron image at
the cathode was a line in a vertical direction, it would turn it toward a horizontal direction
to a degree depending upon the magnetic force of the lens . Thus, the magnetic lens corresponds
to a crystalline medium in optics such as tourmaline while an electrostatic lens corresponds
‘to a non-crystalline medium such as glass. These two types of media are known technically as
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‘“‘anisotropic’’ and ‘‘isotropic’’ respectively. (Anisotropic--having different physical
properties in different directions.) (Isotropic--having the same physical properties in every
direction.)

This rotation of the magnetic type lens, while it does tend to introduce additonal aberra-
tions, is not usually important in electron guns, because as the image is a spot, rotation
about its axis does not matter. However, in an image forming electron lens, it becomes quite
important and in order to maintain the image erect, it is either necessary to insert the whole
path of the electron in a uniform magnetic field such as is done in the Farnsworth ‘‘image
dissector tube’’ or to have two magnetic lenses so arranged that their rotations are in the
opposite direction, and the effect is, therefore, cancelled out, When the configuration of a
magnetic lens is to be found, fine iron filings are used in the conventional manner to show the
field. The cardinal points of a magnetic lens are found in exactly the same manner as in the
case of the electrostatic lens.

However, the magnetic lens has one tremendous advantage in commercial production
due to the fact that it is located outside of the tube itself, and therefore, it can be so arranged
that any small inaccuracies in the gun construction may be neutralized by proper compensation.

The action of the magnetic field in focusing the electron beam may be stated briefly as
follows: (Refer to Fig. 19B). The lines of force of the magnetic coil at the gun end slant in
toward the axis of the tube as you progress farther from the gun toward the screen and they
slant in the opposite direction at the other end of the coil. When the electrons enter the
magnetic field, they tend to follow the magnetic lines of force and so are converged. When
they leave the magnetic field, they tend to diverge. The converging action is by far the
greater, however, so that the action of the lens on the whole is to converge the beam. The
exact explanation of the action of the magnetic lens is quite complex. This is largely due to
the fact that a magnetic line of force, unlike an electrostatic line of force does not attract
the electron along it, but deflects it in a direction at right angles to the lines of force and the
electron path,

Before the advent of the electron gun, which uses electron lenses to focus the beam,
small amounts of residual gas were left within the cathode-ray tube envelope to accomplish
Deflector the same thing. One of the more familiar types of
Plates commercial oscillographs which utilize this method
) of focusing was the WE224A which used a low pres-
sure of argon for this purpose. (See Fig. 20)

~

a In order to form a spot on the screen using this
e ! R i type of focus, an electrode assembly is used which
. \ = will emit a narrow beam of electrons. As these elec-
Cathode N tons progress down the tube toward the screen, they
e — tend to repel one another due to their mutual negative
Anodes charge, and if the tube were thoroughly evacuated, a
GAS FOCUS TUBE blur would appear on the screen instead of a sharply

defined spot. However, an entirely different action
takes place when a small amount of gas remains within
the tube envelope. When the electron beam goes down
the tube, a few of the electrons strike the gas molecules,
and in doing so ionize them, (Break them up into positively charged molecules and electrons).
The electrons which leave the molecules are traveling with a very high velocity, and so conse-
quently, become diffused throughout the tube. However, the slower moving gas molecules remain
in essentially the same position. When the cloud of negatively charged electrons pass around a

Fig. 20.
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positively charged molecule, their paths are drawn together by the mutual attraction, and when this
takes place down the length of the cathode-ray tube, the repelling action of the electrons toward
each other is cancelled out by the attractive force of the positively charged ions, and the beam
becomes focused. The more electrons there are in the beam, the more positively charged ions
there will be, and consequently, the beam is brought to a focus near the electrode assembly.
Therefore, in a gas focused tube, the point of focus of the electron beam can be governed by
changing the cathode emission. While in the gas focused tube, because of its simplicity is

very useful as a commercial oscillograph, it is practically useless as a television picture repro-
ducer. In television it is necessary to vary the brightness of the spot on the screen of the cath-
ode ray tube, and this is done by varying the amount of electrons which are contained in the beam.
We have just seen however that when the number of electrons in the beam of the gas focused

tube is varied, the focus varies also, and consequently, any attempt to modulate a beam of this
kind results in a proportional defocusing action.

The electron lens focus tube is tremendously more practical for television purposes, be-
cause it can be modulated within certain limits without changing the focus appreciably. In fact,
theoretically speaking, it should be possible to coustruct an electron gun, the focus of which is
independent of the modulation. Most commercial guns, however, are by no means as perfect as
this. The reason being that the modulating electrode tends also to act as a lens in the electron
optical system. The value of this lens changes with the modulation voltage. Therefore, you can
see that there will be a slight change in the size of spot on the screen, besides its intensity, when
the tube is modulated,

Cathode-Ray Screens

The phenomenon of luminescence was known for a long time but its practical application
dates only from the middle of the nineteenth century. During this period and leading to its ap-
plication in the first cathode-ray tube (1907), Becquerel, Stockes and other contemporary in-
vestigators determined quantitatively many of the rel:tionships between the phosphorescence
of a material and the method of inducing this phosphorescence. Aside from the rather crude ap-
plication of the tube of 1907, however, nothing extraordinary was accomplished until the early
1930°s when European engineers, notably those of the Philips Company in Holland, evolved tubes
which, in many respects, are the same as employed today in our latest televisior: receivers.

The phenomenon of producing light when electrons impinge on a fluorescent screen is krown
1s luminescence. Fluorescence is luminescence which ends when, the excitation (in this case, the
2lectron beam) is removed. Phosphorescence is luminescence which exists after the excitation
igent has been removed. The time differential is approximately 10~° seconds.

The reason for the luminescent property is not completely understood but there is sufficient
data available to permit the evolution of a fairly consistent theory. We know, from our study of
dhysics, that the neucleus of an atom is surrounded by moving electrons, These electrons are
ill in definite paths, each path representitng a certain energy level. In order to move an electron
rom one level to a higher level, energy must be given to that electron for the transfer to be
nade. The energy must be sufficient to cause the electron to move, otherwice none of that en-
>rgy will be absorbed. When the energy is of the proper amount, the electron (or electrons) ab-
sorbing the energy will travel to paths of higher energy levels, The entire atom, in this condition,
s said to be in an excited state. The emission of light, such as we seg on a television screen, is
lue to the fact that the displaced electron returns to its normal path and releases the absorbed
rxcess energy in the form of light. What the color of that light will be depends upon how much er-
'rgy the electron absorbed in the first place,
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The material which is coated on the inside of the screen is known as a phosphor. In tele-
vision, the phosphors used are crystalline inorganic substances. Fluorescence takes place
when these phosphor crystals receive the proper radiation, such as ultra-violet light, x-rays,
alpha particles, or just plain electrons. The energy of each of these activating agencies is ab-
sorbed by the electrons in the crystalline structure of the phosphor and light is emitted when
the electrons return to their normal or unexcited state. The length of time that it takes an el-
ectron to return to its normal state will depend upon the crystalline structure of the substance
and the percentage of impurities which are present. Screens made from materials which require
a longer time to return to the normal state are known as long persistence screens.

Manufacture of Phosphors: When a phosphor is manufactured, extreme care must be taken to
see that its contents do not vary in production. It is the impurities present in the phosphor crys-
talline structure which give it its desirable properties of luminescence and small changes in

the concentration of this impurity will greatly alter the properties of the phosphor. The curves
shown in Fig. 21 illustrate this latter point very readily. The relative energy contert of each of
the different combinations is illustrated. It is interest-
ing to see that the luminescent color, as emitted from
the screen, is not the same as the natural color of the
substance such as seen when not under bombardment.
Remember this when working with cathode-ray tubes,

]

|

:]_ There are three different types of phosphors which
3 find extensive application in television cathode ray tubes,

1

These are:
1. sulphides; 2. silicates; and 3. tungstates. ( They
are listed in the order of their importance.)

L

4000 4500 5000 §500 6000 6500 7000°% The general procedure for manufacturing a given
WAVE LENGTH phosphor can be summarized as follows;
Fig. 21. 1. Purifying the raw materials. -- The safety pre

cautions may seem excessive, but they are warranted
when the previous illustration is recalled showing how easily the properties of a phosphor are
altered when an improper amount of activating substance is used, The raw materials are checked
at each stage of their preparation. The water used is tested many times a day for content and
even the air in the plant is passed through numerous filters.

2. Mixing the phosphor contents together. Orce combined, the resulting substance is then
precipitated out from solution. In precipitating out of solution the substance crystallizes.

3. Heating the result of step 2, to firmly bind the various phosphor components together,
The temperatures used are high, being in the region of 809 to 1,300°C. As a result of thc heat-
ing or firing the complete crystalline structure is formed incorporating within itself the added
impurity which is responsible for the luminzsceat properties.

After the phosphor has been manufactured, it must be reduced to the proper fineness and
applied to the viewing end of the cathode-ray tube. The methods of application consist of:
(1) dusting; (2) settling; (3) spraying; (4) electrostatic depositing; (5) flowing-on. Each name
is fairly indicitive of the method of application. In the fourth method, a strong electric field is
produced by the insertion of a charged electrode into the tube. The air becomes ionized, the charge
of the air particles are then repelled fromthe electrode and deposited on the bulb. The latter is
grounded. After the phosphor has been deposited firmly on the inner surface of the bulb, the
aquadag coating is applied. The tube is then placed in an oven and dried thoroughly by heating

91



at 400°C. Phosphors, in the process of manufacture, absorb a considerable amount of gas. When
the electron gun structure and deflecting electrodes (if electrostatic deflection is employed) are
assembled in the tube, these gases must be removed. During the exhaust process, the tube is
heated in an oven at 4000C. At the same time, the filament and cathode are heated by the passage
of current through the filament. The final step is the sealing off of the completely evacuated tube.
The tube is then operated for a short time in an aging process.

A caomilation of the most commonly used screens, and their designation, is given in Table I.

TABLE I
A o ST — s p 3 =+
RMA Des- Fluorescent : Phosphores-
ignation, Substance Activator Formula Color ‘ cence
, t  (seconds)
— PO Ceea——— T e T .4-._4.."._._._ e et —
P1. .. Zinc silicate Manganese i ZngSi04.Mn ( Green ; Med. .03-.05
| !
P2 ... Zinc sulfide Copper ! ZnS.Cu Blue-Green ; Long
|
P3 ... Zinc beryllium silicate| Manganese ZuBeSi03.Mn . Yellow-Gr. | Med. 0.05
|
P4 ... P3 and sulfide Silver | ZnS.Ag - P3  White ! Short 0.005
P5 ... Calcium tungstate @ | - ---- + Ca WOy - Blue Very short,
‘ ! ' 5 u-sec., med.
| : .005
P6 . . . Zinc sulfide Silver \ ZnS.Ag | White
Zinc cadmium sulfide Silver ZnCdS.Ag
P7 ... Zinc sulfide Silver ZnS.Ag _ Blue Med. 0.006
Zinc cadmium sulfide ; Copper ZnCdS.Cu . Yellow Long
P11 . . Zinc sulfide . Silver with a ZnS.Ag.Ni , Blue ~ Very short,
nickel quencher. : | 10 u-sec.

C.R.T. Designations: There is in current use a standard system of numbering cathode-ray tubes.
The system has been evolved and approved by the RMA and is employed by substantially all radio
and television tube manufacturers. The method of numbering cathode-ray tubes is as follows:

1. The first number of the tube designation gives the overall diameter of the fluorescent
screen.

2. The last letter and number following it indicate the type of screen and its characteristics.
See Table I.

3. Any letters between the first number and the last letter (P) indicate that the manufacturer
has modified the internal structure of the tube without changing either the screen dia-
meter or the type of fluorescent screen.

Applying the foregoing rules to a commercial tube, 10EP4, we note that the tube has a 10 inch
screen and a P-4 fluoresent coating, the type which is used in television. The E in the tube desig-
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nation serves to distinguish tkLis tube from any other 10P4 tube which was not constructed exactly
the same way. However, all tubes containing the 10P4 designatior: would have the same screen
diameter and identical types of fluorescent screens.

Cathode-Ray Projection Tubes

It is a common desire, and certainly an understandable one, to have large pictures in the
receiver, Toward this end, cathode~ray tubes have been developed with screer. diameters up to
twenty inches. A 20-inch tube, however, requires a considerable amount of space ard not all of
this large surface area is available for image use. The curvature of the screen limits the image
to the flatter portions of the screen, near its center, and the useful image is seldom larger than
12 by 16 inches. Commercially, the 20-inch tube probably represents the largest direct-viewing
tube that it is desirable to manfacture. The solution to larger images thus must be obtained by
some other process and several such methods have been evolved,

Perhaps the most obvious means of obtaining large images is by projecting the image appear-
ing on the screen of the tube onto another screen by means of a system of lenses, This method is
entirely analgous to that employed in movie projection cameras, where the detail on a small 35 mm

strip of film is enlarged to the size of a screen many square
;/,1 feet in area. The arrangements of the several components in
/{\ ~ this system is shown in Fig. 22. The image is projected onto

MIRROR — q .
/| _ the back of a translucent screen and is viewed from the front
TS by the observer or group of observers.
TRANSLUCENT . . . < s
SCREEN In the movie projector, an intense electric light or car-

bon arc generates sufficient light to present a clear image on
LENS the screen, the latter many times a considerable distance from
- SYSTEM the projector, In television, the image to be projected must
first be formed on the fluorescent screen of a cathode-ray
tube, With present techniques in the manufacture of such

INTENSE IMAGE

FORMED HERE screens, images as intense as those which carn be readily
obtained in a movie projectior: unit cannot be formed. This is
SMA'-'fU'EREOJECT‘ON unfortunate, at the present time, since it greatly reduces the

usefulness of a lens projection system. Even with cathode-
ray tubes which have been specially designed for such purposes
the intensity of the final image is much less than what can be
obtained with a simple home movie camera. The transmission
efficiency of a conventional optical lens system seldom ex-
Fig. 22. ceeds 5 to 10 percent, which means that the strength of the

A simple projection system image formed on the cathode-ray tube must be increased above

using a magnifying lens unit. jtg ordinary intensity 10 to 20 times.

The Schmidt Optical System

The idea of using optical means for obtaining large screen images has recently been given
added impetus by the application of another system, the Schmidt system., This system is illustra-
ted in Fig. 23. As originally employed in astronomical telescopes, the system consists of a cor-
recting glass lens, a large spherical reflecting surface or mirror and a photographic plate, As
the light rays from the distant stars enter the telescope, they pass through the correcting lens,
and are reflected by the spherical mirror onto a small photographic plate. Through this means,
the light from the stars are concentrated onto the photographic plate and a clear, bright image
is formed. The purpose of the correcting lens isto counteract the spherical aberration of the
spherical reflecting surface. Spherical aberration is a form of optical distortion and results in
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a poor focus of the incoming light rays. Through the use of the correcting lens, the spherical
aberration is reduced to a negligible degree.

The source of light and the receiving screen in light
systems are interchangeable. Hence, a cathode-ray tube
can be placed at the point of covergence of the light rays
occupied by the photographic plate in Fig. 23 and the im-
ages on this fluorescent screen reflected from the spher-
ical surface, through the correcting lens and projected on-
VIEWING to a translucent screen. In this form, the system is ad-
SR aptable for television receivers. See Fig. 24. To main-

tain as high a degree of light intensity as possible, the
aspHERICAL correcTing Surface of the spherical reflector must be kept free of all

LENS (MOLDED PLASTIC) dust particles,

FLAT
INCLINED
MIRROR

KINESCOPE A careful evaluation of projection images, as com-
2B ez pared to direct viewing indicates the following:

1. Brighter images can be produced on direct viewing

@-—SPHERICAL MIRROR  Screens.

2. The angle of vision of a direct-viewed image is greater

Fig. 23. Application of the , X .
Schmidt system to television. thanthe image on a projection screen.

3. Large images can be obtaineti more economically and in a smaller cabinet structure than a
comparable image produced by direct viewing.

The projection images are of good quality and those currently available are recommended
for purchase. A 16 x 20 inch image can be easily and comfortably viewed by a roomful of people.

Fig. 24. Large screen television receiver
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CHAPTER VI
R-C CIRCUITS

In the field of television, there are uses to which R-C networks are put. It is important,
therefore, that we thoroughly understand how these R-C networks function, an understanding which
is not only needed to design sets, but also to repair them,

USES:

1. Series R-C circuits are commonly used for coupling between voltage amplifier stages.

2. Series R-C circuits are used for ‘“‘decoupling’’ amplifier stages to prevent regenerative feed-
back. In this application, the R-C circuit is used to filter out undesired voltage variations.

3. Series R-C circuits are used in television to differentiate (change the shape of) complex wave-
forms (square waves, sawtooth waves, etc.) A complex wave is the result of the addition of two
or more sine waves. Small values of R and C are used in these cases.

4. Series R-C circuits are used in television sets as integrating circuits. In these circuits the
voltage used is taken from across the capacitor.

9. Series R-C circuits are used in the production of sawtooth wave forms. Only the most linear
portion of the capacitor charge curve is utilized.

6. Series R-C circuits are used as hum-removing filters in low current drain rectifier power
supplies.

7. The series R-C circuit is used to control the frequency of certain types of oscillators. Amon?
these are the Wein bridge oscillator, the phase shift oscillator and a relaxation type of oscillator
known as the multi-vibrator.

FUNDPAMENTAL LAWS CONTROLLING SERIES R-C CIRCUITS. - - Any analysis of series R-C
circuits must satisfy simultaneously all four of the following laws.

1. KIRCHOFF’S SECOND LAW: The algebraic sum of all the voltage drops around a closed cir-
cuit equals zero at any instant,

2. OHM’S LAW: I

o[l o]

3. COULOMB’S LAW: The voltage across a capacitor becomes greater as the amount of stored
charge is increased. It becomes less if the capacitance (ability to hold a given charge or number
of electrons) is increased, Stated mathematically, the law looks like this:

E, = %
4. SERIES LAW: The current is the same in all parts of a series circuit at any given instant,
Because these laws have been firmly established for so many years, the student may feel

free to use them in analyzing the action of any series R-C circuit without fearing that they may
be repealed.

The operation of series R-C circuits will be studied first under transient conditions.
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TRANSIENT CONDITIONS

DEFINITION: For the purposes of explanation during this discussion, a transient voltage will be
considered as a random change of voltage. Examples of this are the sudden voltage changes pro-
duced by the closing of a switch or a flash of lightning. A transient may be thought of as a sudden
surge, in contrast to the steady state condition which will be considered to be a periodically recur-
ring waveform,

Series R-C circuit action usually can be more easily explained by describing the effect of
applying a transient voltage to the circuit. Whatever the polarity of the transient at the first in-
stant of application, the capacitor will begin to assume a charge which will oppose the charging

X voltage.
0 <+—0&—— This is shown in Fig. 1, where the sudden closing of

switch X provides the transient voltage. The positive term-
inal of the battery is a point at which there is a deficiency
+, Oof electrons. As soon as the terminal is connected to plate
A A of the capacitor, it finds the electrons are ready to leave
[ B this capacitor and attempt to overcome that deficiency at the
battery terminal. Furthermore, since electrons repel one
dnother, those on plate B repel those on plate A. In turn, since
there are now fewer electrons on plate A, plate B can acquire
some new helpers, since there is less opposition. It can be
. seen that this will proceed in the form of a vicious circle.
Fig. 1 However, intuition also tells us that there must be a limit.
This limit is reached wher: electrons have vacated plate A to
the extent that there is as great a deficiency here as at the positive terminal of the battery. ‘¥hen
such a condition has been reached, there is no current flow in the circuit. Furthermore, the algebraic
sum of the two voltages (battery and capacitor) is zero, indicating that they are of opposite polarity.
This is known as a charge cycle,

i

|”+

However, if the battery were reduced in voltage, electrons in the wire would be attracted by
the higher positive potential of the plate A of the capacitor. Therefore, there would be current
flow back into the capacitor until its deficiency once more equaled that of the positive battery term-
inal. If the battery were reduced to zero voltage, then all of the electrons which had previously
been evicted would return to plate A, reducing the voltage across the capacitor to zero. Finally,
if the battery were actually reversed in polarity, it can be seen that such a reversal of electron flow

would continue until the voltage across the condenser de-
creased to zero and then assumed a charge of opposite pol-
__I_ I arity. Any of the three conditions which tend to rob the cap-

A
Be “~o—
+ L C C Ec acitor of the c_harge obtained during the charge cycle will
— produce what is known as the discharge cycle. Thus it be-
r— comes necessary to consider both the charge and discharge
R

Jr

— conditions in a series R-C circuit. Consider first the charg
EIR ing action, observing how the afore mentioned laws of Ohm,
Y Kirchoff and Coulomb hold true when (1) zero voltage is ap-
plied, (2) the instant full voltage is applied, and (3) some
Fig. 2 time later (voltage still applied).

Remember: All four laws must be satisfied at all times.

CHARGING ACTION: 1. Switch Open (position A). Observe Fig. 2 which shows the switch open.
It is obvious that there is zero current and consequently, that Ec is zero and ER is zero.

2. Switch Closed (position B). 1st instant. When the switch is moved to point B, Fig. 3, electrons
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are attracted from the upper plate of the condenser, C. At
A the instant current begins to flow, there is no voltage on the
— d o capacitor; therefore the battery voltage E across the bat-
B c ji‘ ) tery must appear as a voltage drop across the resistor. The
C Ec  inital current, then, must be equal to E/R. While these facts
I —_ ’ seem simple, they contain information which is highly im-
portant to the complete understanding of this circuit. Let
R Er us, therefore, analyze each step in detail. At the first in-
stant no time has elapsed. Since the electrons have not had
time to accumulate in the form of a charge on the capacitor,
then:
Fig. 3 E.=Q=0-9¢
c C
This is one way of looking at it. There is however, another explanation which means the same thing.
As is well known, the higher the frequency applied to a capacitor, the lower is its reactance; in fact
an infinitely high frequency sees an infinitely low reactance in said capacitor.

[Ifjas

! i
L

N
0 0
N4 \/ ’
—A- -B- (=
Fig. 4

Note (a) and (b) in Fig. 4. They demonstrate that the higher the frequency, the steeper the
rise of the first part of the waveform or ‘‘wavefront’’, as it is known. Now, do not overlook the
fact that the closing of a switch results in a ‘‘wavefront’’ too (¢). Its rise is even steeper than
those of (a) and (b), consequently, the reactance offered by the condenser is very low, practically
zero, and there is no voltage lost here. In other words, any way you look at it, the voltage change
across the capacitor must be zero at the first instant. This brings forth a very important principle:

The voltage across a capacitor can never change instantaneously.

KIRCHOFF’S LAW: Kirchoff’s Law is employed here to show that the change of voltage across R
at the firs! instant is equal to the change of applied voltage, since:

AEyptieq = AEp + AE, (Fig. 3) or
AER — AEgpplied = AE: and therefore
AER = AEapplied + 0 or

AEp = A‘Eapplied

This brings forth a second important principle: The voltage across a resistor can always follow
the applied change of voltage instantaneously.
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OHM’S LAW: Ohm’s law states that: I-= %

Since E is maximum at the first instant, then the maximum current must be flowing through R
at this instant.

SERIES LAW: The series law is useful mainly to emphasize that the relative positions of R and C
in the circuit have no affect on results obtained across any one component.

SWITCH STILL CLOSED ( LATER TIME). -- Observe Fig. 3 As time passes, the positive potential
applied to the upper plate of C attracts electrons to the lower plate, accumulating a charge (Q) and
a resulting E . This E_ can be considered as a difference of potential caused by a deficiency of el-
ectrons on thé upper plate and a surplus of electrons on the lower plate of the capacitor. It has been
shown previously that maximum current flows through R at the first instant a voltage is applied,
For this reason the capacitor (which is applied with electrons by the current through R) starts to
build up its charge at a maximum rate as the charge cycle begins. However, the rate at which E
rises cannot remain at its initial value. This fact might be more easily understood if the uncharyd
capacitor were compared to a container which has been evacuated. The instant that a valve is opened
the inrushing air would be comparable to the instant of closure of switch X (Fig. 1). Since the vac-
uum represents an almost complete lack of gas atoms of any kind,
there would be the most possitle room for atoms (or molecules)
to rush in at the first instant. Similarly, there would be room for
_E'AC the most electrons to rush onto one of the capacitor plates. As
time passed, however, the demand for ;5 atoms would lessen
passed, however, ema or gas wo ssen,
I" ] _'{ since the available space, or capacity, within the container would
T Ad diminish. Likewise, the attraction for electrons to the capacitor
'(l plate would decrease with the passage of each successive unit
of time, Of course, as previously mentioned, electron flow would
I‘_b _" cease when the capacitor potential became equal to that of the
) battery. This is comparable to the faci that air would cease rush-
Fig. 5 ing into the container when inside pressure equaled outside pres-

sure,
If the capacitor continued to acquire electrons at the maximum rate realized at the first in-

stant, the voltage would rise in a constant or linear manner. From the study of graph, we know
that a linear rate of change is represented by a “‘curve’’ which is really a straight line. This is
shown in Fig. 5.

AMPLITUDE —~

This curve shows that the number of electrons per unit time T(; at any point along the time

base is exactly equal to the number of electrons per unit time at the first instant 5
The rate of change of the capacitor voltage (and
e charging current) however, has been shown to be steadily
decreasing. A graph showing a continual change in the rate
of change could not be constructed with a straight line.”
c Rather, it would appear as in Fig. 6.

Note that % -(rate of change) is smaller than d

—_—

AMPLITUDE
Q.

Still later, € is smaller than € . Complete math-
TIME f d
ematical analysis of this curve would require differential
Fig. 6 equations. With the aid of these equations it can be shown
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that the rate of change is that of a standard and well-known mathematical ‘“progression’’. This
progression is known as an ‘“‘exponential’’ rate of change. The curve shown in Fig. 6, therefore
is an exponential curve and represents the rate of change of a capacitor. Incidentally, it is some-
times referred to as an ‘‘asymptotic’’ curve, this term being synonymous with exponential.

Referring to Fig. 3 once more, note that E _ - ER must equal E_ 1304 at any instant, in order
to satisfy Kirchoff’s Law. Surely then, if E, increases at an exponen{)i%]'[l rate, ER must decrease
at exactly the same rate, so that the sum of the two voltages will always be equal to Eapplied-

These facts establish a fundamental and important statement:

It is a hard and fast rule that an instantaneous change in a:gpl_ied voltage level is followed by changes
across R and C which are exponential.

Before using actual values to illustrate the charging action it will be necessary to describe
the time constant which is the key to R-C circuit analysis.

DEFINITION: The R-C time constant is the time in seconds required for the voltage across the
resistor of a series R-C circuit to change 63 per cent,

This definition takes into account the possiblity that the capacitor voltage might be something
other than zero at the start of a charge or discharge period.

The R-C time constant is the product of the total circuit resistance in chms and the capacity
in farads. It will be immediately apparent that the product in megohms and microfarads will give
the same answer and is more practical and convenient. In a subsequent study of the ‘““steady state’’
condition, the time constant will be useful in determining whether or not the waveform of the out-
put voltage will be altered (and, if so, in what manner,)

Observe Fig. 7, This chartis a

100 g graph of per cent change (of volt-
SA = age or current across R or C)
90 versus time (in units of the R-T
product or ‘‘time constant’’),
80
\ VOLTAGE ACROSS All the voltage variations
20 CAPACITOR throughout the circuit are com-
H ONCHARGE. bined in Fig, 7. Study them care-
50 fully because they contain the key
to the operation of this R-C net-
work and follow the variations in
LZ‘J 50 CURRENT ON cgrre.nt and voltage throughout the
5 CHARGE AND circuit.
& 40 1 s DISCHARGE OF - - ;
" - : CAPACITOR. Refering to. Flg, 8., we will
30 ; £ ACROSS R ON use q)e curve which indicates the
! CHARGE & DIS — rise in charge across the conden-
20 ! CHARGE OF CAP. ser. At the first instant, there is
THc ] E ACROSS CAP. no voltage across the condenser,
i y & ON DISCHARGE. just as we expected. The next step,
10 let us determine the time constant
o ¥ - of the circuit. Since R is 1 megohm
e SRC T e 5 RC and C is 1 microfarad, together they

give an answer of 1 second. There-
Fig. 7 fore, according to the previous def-
inition, 1 second is the time in which

99



the voltag.e across R will change 63 percent or to 37 percent of the voltage which appeared across
R at t}.xe first instant. Take a look at point B in Fig. 7, Note the intersection of the downward
sweeping curve and a line perpendicular to R-C (an elapsed time equal to R x C).

Project this point to the percentage axis on the left and find it to be approximately 37 per-
cent. In qther words, the voltage across R is 37 percent of the voltage across R at the first in-
stant or, in this case, the voltage across R at the end of RC time is 37 volts.

Since the applied voltage change was 100 volts, then, in order to satisfy Kirchoff’s Law, the
capacitor voltage at the end of a time equal to R-C must be 107-37 or 63 volts. This is also sub-
stantiated by the R-C chart. The intersection of the line perpendicuiar to R-C and the upward
sweeping curve shows 63 percent when projected to the left.

A
o A
0 +—@ ‘
) ' B I
¢ + E c? _
+ L c + E =50V,
+

L = LA A C=—IMFD
=100V. O ~ L+ ‘-*7
T R Q IMEG. Egq R SIMEG.Eg

_ | . -

o—

Fig. 8 ' Fig. 9

Next, Fig. 7 shows the voltage existing across R and C at still later times. It can be seen
that the capacitor will eventually acquire a charge nearly equal to the applied change of voltage,
Theoretically, E. can never equal Eapplied but, from a practical viewpoint, E; will just about

equal Eap lied in a time equal to five times the product of R and C (in 5 seconds). This is
shown qulpe clearly on the RC chart.

Thus far, an examination of the charging action has been conducted from a time when the
switch has been open for sucha long time that the voltages across R and C were necessarily
zero. However, in many cases, the charging action may start when a certain potential already
exists across the capacitor. This may seem at first, to complicate the issue; actually, the sol-
ution of such a problem ‘s nearly as simple as that of the problem previously discussed. There
remains no better proof of that statement than to set up a problem and solve it.

In Fig. 9, the switch has been in position A for some time. Dueto a previous application
of veltage change, the capacitor has some voltage across it. Of course, this charge is gradually
leaking off the capacitor. It is a high quality capacitor,though, so the leakage is light. However,
the switch is set to point B at this instant, while the capacitor still has 50 volts (of the polarity

shown) across it.

The first problem is to ascertain the values of voltage appearing across R and C at this
instant. One single idea will provide a positive solution: Whenever a difference of potential
exists across a capacitor, it may be treated as another bdttery. . . a battery which can be charged
or discharged rapidly but, at any one instant, = battery in the circuit, nevertheless. Therefore, if
a 50 volt potential appears across C at the first instant of moving the switch to position B, the
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net voltage change impressed across R is the algebriac sum of 150 volts and 50 volts, of the
polarity shown. Fig. 9 shows Ep and E. to be opposite in polarity, which means that the volt-
age across R is 100 volts at this instant. The rest of the problem requires absolutely nothing
new for its solution. At the end of 1 second (RC time) the voltage has changed 63 per cent or
to 37 per cent of the original change across R (which netted 100 volts) so, the voltage across
R at the end of one second is 37 volts. Kirchoff’s Law reveals 150-37 or 113 volts across C at
this same time. I the switch has remained in position B for 3 times RC, or 3 seconds, the
RC chart shows that ER would be 5 per cent of the original Ep (100 volts), or 5 volts.
Kirchoff’s Law would now give 150-5 or 145 volts as the value of Eg.

Summarizing the Charging Action:
a, The change of voltage across R can always follow the applied change instantaneously.
b. The change of voltage across C can never follow the applied change instantaneously.

c. At the end of a time equal to the product of R and C, the voltage across R will change 63%,
or to 37% of its original value.

d. At the end of RC time, the voltage across C is equal to the applied voltage change minus Eg.
e. Regardless of the capacitor voltage at the instant of the charge cycle, the voltage across
R will change 63 percent of the original voltage change across R in RC time. The only dif-
ference lies in the fact that the original change across R is the algebraic sum of Eypplied
and E., when there is voltage across the capacitor at the start of the charge cycle.

DISCHARGING ACTION

é Thus far, a voltage change has been applied to R and
r—= -B. Vg ) C by moving the switch to position B. As long as the switch
| C _l;" E remains in this position the charging action will continue.

:l'J © C Now however, the discharging action is to be studied.
= R | (1) lst Instant (position C):
i E
I R If the switch is moved to position C (Fig. 10), another
'L _____ + ‘ change of voltage is immediately impressed upon R. This
change is furnished by the only ‘‘battery’’ which remains
Fig. 10 in the circuit, the capacitor. It is plain to see that one
ig.

‘‘pattery’’ and one resistor are all that now make up the
circuit, Since ER can follow the applied change of voltage
instantaneously and E¢ cannot, the ER must equal E;

at the first instant the switch is moved to position C.
Furthermore, in order to meet Kirchoff’s Law (that the algebraic sum of the voltage drops

around the circuit be zero) ER must be opposite in polarity to E.. A comparison of Fig. 10

with Fig. 9 will show that Eg is now negative at the top, where it was positive during the charge
cycle.

It was comparatively simple to establish the amplitude and polarity of the voltages ER
and E. at the first instant of the discharge cycle, but what happens from this time on is just
as simple. As long as the switch is in position C, E, equals Eg at any time.. Therefore, it is
only necessary to know how ER changes and E. musfbe equal but opposite in polarity at any
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time during discharge. How much does ER change? In atime equalto R - C Ep changes
63 percent or to 37 percent of the original change, the change which took place the instant
the switch moved to position C).

Problem: Assume E . to be 50 volts (of the polarity shown in Fig. 11) at the start. A change
of 180 volts is applied to a series RC circuit consisting of R = .99 megohms and C = 1 micro-
farad. After the switch has been in position B for 2 seconds it is moved to position C instant-
taneously. What is the value of E, three seconds after the switch is moved to position C?

A Solution:
° ' o (a) The net voltage change applied to R at the first instant
B e is the algebraic sum of the two battery’’ voltages. Since
1+ sov. Ej lieq @nd E, are opposite in polarity, the net change is
C== IMFD +180 - 50 or -+130 volts.
——180V.
RS IMEG. (b) Since R can follow this net change instantaneously,
then ER is +130 volts at the first instant.
L (c) The RC chart (Fig. 7) shows that ER at the end of 2 sec.,
will change to approximately 13.6 percent of the original
Fig. 11 130 volts, or .136 x 130 = 17.7 volts,

Note: This can be solved without the aid of the RC chart, if necessary. The time from 1 RC
to 2 RC is the same as that from the first instant to 1 RC. Therefore, the voltage at 2 RC is
37 percent of the voltage at 1 RC. It can readily be seen that the voltage at 2 RC is 37 percent
at 1 RC. 37 percent of 37 percent is 13.6 percent. This process can be carried out for as
many multiples of RC time as need be. As an example, the voltage of 3 RC is 37 percent of the
13.6 percent at 2 RC, or approximately 5 percent. A glance at the RC chart will confirm this
fact.

(d) If, at the end of 2 RC time, ER is 17.7 volts, then Kirchoff says that E, Eapplied minus
ER =180 - 17.7 = 162.3 volts across the capacitor at the end of 2 RC t1me

(e) Now, the switch moves instantaneously to position C. E. cannot change at the first instant,
so Ep must be equal and opposite in polarity at this time. ER therefore, is -162.3 volts at the
instant the switch moves into position C.

(f) Using either the RC chart or the method described in step (c), it is found that in 3 RC time

ER changes to 5 percent of the original ER (which was 162.3 volts, produced by switching to
position C) or to approximately 8 volts,

(g) The problem asks for the value of E. at this time. Of course, as long as the switch is in
position C, E; must equal E (Kirchoff ) so E.= 8 volts (answer)

STEADY STATE CONDITION

The previous discussion of the ‘‘Transient Condition’’ served to establish some funda-
mentals of RC circuits which may be applied to the move common ‘‘steady state condition’’.

DEFINITION: Steady state condition refers to the state of the circuit when the applied voltage
consists of a periodic repetition of both polarity and amplitude of change, with respect to time,
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This change may be sinusoidal or may take any of an infinite number of possible com-
plex shapes. Common examples of the complex form include square, rectangular, sawtooth
and triangular waves.

The object at this point is to apply a ‘‘steady state’’ waveform to a series RC circuit
and determine the resulting output waveform (the voltage change across the resistor). I,
in the previous problems, you had moved the switch from B to C and back at equally spaced
intervals, you would have been applying a ‘‘steady state’’ waveform to the RC circuit. Moving
the switch to B would produce an instantaneous rise to some positive value. As long as the switch
remained at B the applied voltage would have remained constant at this positive value. Moving
switch to position C would have caused the applied voltage to drop instantly to zero, where
it would have remained constant until the switck again moved to B. If this sequence of events
had occurred at regular intervals, the ‘““waveform’’ of the applied voltage would actually be
that of a square wave. (Fig. 12)

A
®
4 B."_ .—'-—1
b POSITION 3 c o
= + -
E =100V,  TIO0 4
oy =77 V= >
s - ¥50 >
< oPOSITION C POSITION C 3
— TIME +.___}
Fig. 12 Fig. 13

It will be seen later in actual practice that this square wave is produced by a vacuum
tube stage. The square wave output will be the result of an instantaneous change in plate
voltage level. Now, in most cases, the plate voltage of a vacuum tube amplifier does not drop
to zero at any time. Therefore, a square wave output from such a stage would have to be the
result of two different levels of positive voltage. This sort of waveform could be simply shown
at this time with two batteries, as in Fig. 13 (Remember that the switch is alternating regularly
between B and C.).

The amazing result of applying any steady state waveform to a series RC circuit is this:
No matter what the polarity of the applied waveform (i.e. all positive, all negative, or part
positive and part negative) if the change in level of the applied voltage is the same, then the
output voltage across R will be exactly the same in any case. Detailed development and proof
follow immediately.

Three representative waveforms, sine, square and sawtooth, are to be applied to the
following circuits:

1. T = RC (Intermediate time constant)
Where the product of R and C is equal to the time of one-half cycle.

2. Large time constant
Where the product of R and C is great, compared to the time of one-half cycle,

3. Small time constant
Where the product of R and C is small, compared with the time of one-half cycle.
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THE SQUARE WAVE
1. When T = RC:

Figs. 15, 16 and 17 will be used to describe the result of applying a square wave, one-half cycle
of which requires one second, to R and C whose product is one,

NOTE: All polarities are with respect to ground.

a. As previously stated, after a given change of applied voltage ard an elapsed time equal to
the product of R and C, the voltage across R changes 63 percent of the original voltage across R.

b. Note that the applied voltage change is 109 volts at A (Fig. 15) and remains at that value for
one second (a time equal to one microfarad x one megohm).

c. The entire applied voltage change appears across R at this first instant (Fig. 16), due of
course, to the fact that the resistor voltage can change instantaneously.

d. The voltage across R then changes 63 percent or to +37 volts (a decrease of positive voltage
across R) in RC time (1 second).

e. At B (Fig. 15) another voltage change of 100 volts is applied, but in the opposite direction
(a ‘‘negative-going’’ voltage).

f. Since R will assume the full change at the first instant, E g will ghange 100 volts in a direction
opposite to that at A, subtracting from 37 to produce -63 volts.
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g. At the end of 1 second the voltage across R will have changed 63 percent from the orig-
inal -63 volts, decreasing to a less negative value of -23.3 volts,

h- At point C (Fig. 14) a ‘‘positive-going’’ 100 volts change is again applied, changing Ep
from -23.3 to+76.7 volts.

i. Notice that if the calculations indicated in Figs. 15, 16 and 17 are completed, it can be

seen that the voltage at any given point in the second cycle is slightly different than the voltage
at the corresponding point in the first cycle. Likewise, the voltage at said point in the third
cycle differs from that in the second cycle etc., but finally, in the fifth cycle (points D and E,
Fig. 16), it is seen that the voltage is now the same (at any chosen point) every cycle, This is
known as the ‘‘steady state’’. This condition is also referred to as the “‘state of equilibrium”’.
The larger the product of RC in comparison to the time of the cycle (in other words, the larger
the “;cime constant”’), the greater will be the number of cycles required to reach the ‘‘steady
state’’.

égditional Notes:

a. Note that a zero reference has not been specified for the applied waveform (Fig. 15). The
waveform could have been (1) entirely above zero, (2) entirely below zero, or (3) partially above
and partially below the zero level. The result across R (Fig. 16) would be exactly the same in
any case,

b. Note that, whenever the applied voltage changed 100 volts instantaneously, the voltage change
across R was also 100 volts.

c. The voltage changes across C (Fig. 16) are determined as follows:

(1) On the ‘‘change’’ half cycle E is equal at any instant to Eapplied minus ER (Kirchoff).
(2) On the ‘‘discharge’’ half cycle E¢ is equal at any instant to ER but opposite in polarity.
2, Large time constant

In applying a square wave to a circuit with a large time constant, use will be made of the
same generator employed in the previous problem (remember, it has an output 100 volts ampli-
tude and the time of one-half cycle is 1 second). The only change necessary is in the product of
R and C. Either R or C (or both) could have been changed, just so the product could have been
changed, just so the product is right. For a given time constant, there is an infinite number of
possible combinations of R and C.

For a large time constant, the product of
R and C is to be ten times the time of one-half
cycle of the applied voltage waveform. There-

SQUARE ¢ Il fore, 10 microfarads and 1 megohm will provide
WAVE a 10 second time constant (Fig, 18).
GENERATOR R I'M
a. As in the case where T = RC, the voltage
across R will equal the applied voltage change at
the first instant, A (Fig. 19).
Fig. 18 b, The voltage across R would require 10 sec-
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conds (T = RC) to change to 37 volts, but there is only 1 second between voltage change in the
applied waveform----just time enough to decrease about 1 percent (or 1 volt, in this case),
dropping down to <499 volts.

¢. Then comes the ‘‘negative-going’’ change of 100 volts at B. Again, as in the case where
T = RC, E g will change the full 100 volts, from +99 volts to -1 volt,

d. Once more, ERhas only 1 second in which to change so, due to the large RC’ product, it can
change only 1 percent or from -1 volt to -.99 volt.

e. At C the “positive-going’’ 100 volt change occurs again, Ep assumes the full 100 volts
change, and goes from -.99 to -+99.01 volts.

f. This process continues until the steady state is reached and area x is equal to area y
(Fig. 19b). A considerable number of cycles must pass before the steady state is realized
this time, due to the effect of the large time constant,

g. It is seen that the output waveform (ER) retains the same essential shape as the applied
waveform. However, the output is an ac waveform, regardless of whether the input is ac
or pulsating dc.

Summarizing:

The larger the product of R and C, with respect to the time of the applied voltage, the more
nearly will the output waveform (ER) be an exact reproduction of the applied waveform.

3. Small time constant.

Once more, the same generator, putting out the same frequency is put into service, This
time its output will be applied to a RC product of (.1 x 106) x (.1 x 10-6) or .01 secs. This
means that Ep can change 63 percent in .01 seconds (T = RO)....... or 99 percent in .05 seconds
(5RC).

a. At the first instant, A, E naturally assumes the entire change (since C looks like a short
circuit to this high frequency wavefromt). Therefore, ER at the first instant is 100 volts.
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b. Since E changes 90 percent in .05 seconds it drops from 100 to practically zero in .05 of
the time between A and B.

c. At B there is the ‘‘negative-going’’ change or 100 volts, which ER, of course, will assume
at the first instant.

d. Again, in .05 seconds ER changes 99 percent or to practically zero.
e. The steady state is reached almost immediately.

This type of circuit is known as a “differentiating circuit.”” The differentiating circuit will
be of extreme importance in television. Let us therefore examine.it more critically.

First of all, the differentiating circuit will be defined. This definition will permit pre-
diction of the shape of the output waveform of said circuit, regardless of the shape of the
input waveform. :

DEFINITION: A differentiating circuit is a series RC circuit with the output voltage taken
from across the resistor, the amplitude of which tends to be directly proportional to the rate
of change of the applied voltage.

An infinitely small time constant would produce an output that is truly in direct proportion
to the rate of change of the input. The RC product of the average differentiating circuit is
not small enough to achieve this edeal relationship, however. Still the input of a differentiator
can be made to resemble the ideal waveform closely enough for all practical purposes. Try
it out on the square wave. The rate of change of the applied wave is seen to be maximum at
A (Fig. 21), and so is the amplitude of ER (output voltage). Next, the rate of change of Eaqpplied
from A to B is zero and nearly so is the amplitude of Ep,. Then at B the rate of change o? '
Eapplied is maximum in the opposite direction, so is theé amplitude of Eg. Any waveform will
respond to this analysis. This will be proven as the discussion progresses.

THE SAWTOOTH WAVE

The ideal sawtooth waveform is that of a voltage
which rises linearly or at a constant rate of change
to its maximum value, dropping instantaneously to its
minimum value. This ideal waveform is shown in
Fig. 22,

AMPLITUDE

TIME
In actual practice, however, the common sawtooth
generator does not put out such a perfect waveform.
Fig. 22
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Rather, there is some nonlinearity in its rise and it requires some time to drop from its
maximum to its minimum value. This is shown in Fig. 23,

In most television circuits, the sawtooth wave that is obtained is a compromise between
Fig. 22 and 23. A complete treatment of practical sawtooth generators will be given in another
lesson.

1. T=RC

Consider the application of a sawtooth wave to a series RC circuit, the RC product of
which is equal to the time of one-half cycle of the sawtooth wave. Under the above stated
conditions the output waveform undergoes some change in shape, but not as much as in the
case of the square wave. This is due to the comparatively slow rise of applied voltage which
the capacitor can nearly follow when T= RC.

Since three rates of change take place simultaneously (Eapplied Ec’ and ER) , actual cal-
culations are too complex for this discussion. However, true waveforms taken from the oscil-
loscope and drawn to scale are shown in Fig. 24.

Note that once more the output waveform (ER) has an area :ove the zero level equal
to the area below.

2. ‘Large Time Constant

A sawtooth waveform is applied to a series RC network (1) to change it from pulsating dc to

an ac waveform and (2) to isolate the sawtooth generator from the next stage. If the generator
is developing a sawtooth rise of voltage from 16 to 4116 volts; the entire waveform is positive
(pulsating dc). Application of this waveform to a long time constant RC circuit will produce

an output which is essentially a duplicate in shape, but which is both negative and positive

with respect to zero. Fig. 25 shows this condition,

(As in previous examples, area x is equal to area
L A
4

+116
/I/L 0 % A sawtooth voltage rises in a positive direction at
+16 M w a rate which is very slow compared to the sudden
_.i ]-—looo steep rise of a square wave, When this type of
M SEC. waveform is applied to a small time constant
circuit the capacitor can, therefore, charge up

Fig. 25 almost as rapidly as the applied voltage rise.
: Compliance with Kirchoff’s Law than dictates
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the fact that ER will rise but very little from point A to point B in Fig. 26.

However, when the applied voltage has risen to point B, it then drops in a negative direc-
tion almost instantaneously, just like the trailing edge of a square wave (point B, Fig. 26).
As a result, the capacitor cannot follow this change and the total change of applied voltage
appears across R for an instant producing a sharp negative pulse. In other words, what hap-
pens at B in Fig. 26 is almost exactly the same as what happens at B in Fig. 217.

Here again, the definition of the differentiating circuit holds true., The rate of change of
Eapplied from AtoBis relatively small and constant. The rate of change of Egppjeq at
B is maximum, so is ER.

THE SINE WAVE IN SERIES RC CIRCUITS
This part of the study of series RC circuits has been covered fair!y completely in fun-

damental ac theory, so that it should be a rather simple matter to review that work., Toward
that end, the following brief treatment is presented for the purpose of review.

The sine wave will be applied to the two opposite types of series RC circuits, i.e. 1.
the large time constant and 2. the small time constant (differentiating circuit.)

1. Large time constant
A large time constant bears the same relation to a sine wave as it does to a square wave. In

other words, the product of R and C is large compared to the time of one-half cycle,

Fig. 28 shows a 60 cycle sine wave applied
to a series RC circuit in which R is 1 microfarad
and C is 1 megohm.

C = IMFD To find the time of one-half cycle, it is nec-
SINE . .
WAVE essary to recall that the time of one cycle is the
GENERATOR R M reciprocal of the frequency.
T=-1 - .016667 seconds.
Py f

When the time is a small fraction of a second
Fig. 28 (as is usually the case in radio) it is common
practice to use the microsecond as the basic unit.
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Hence, the time of one 60 cycle waveform is 16,667 micro seconds; the time of one-half cycle
then is 8,333 microseconds.

Note: Since the product of R and C is 1 second or 1,000,000 microseconds, this time is
(to put it mildly) great, compared to 8,333 microseconds.

A sine wave applied to a series RC circuit will undergo no change in waveform, no
matter what the time constant may be. However, the amplitude of ER and its phase relation-
ship to Eap lied are definitely dependent upon the time constant. These results can be proper-
ly evaluateé) with the application of a little of the simplest ac mathematics.

First, find the reactance of C to 60 cycles

1
2 7rfc) - Youfind X at 60 cycles to be rough-

R=100.0000 —-ER ly 2600 ohms. Now represent Eg, E,. and
X =26000 EAPP, Eapplied by the appropriate vectors, as in Fig. 29.

E

It can be seen that the output voltage across
Fig. 29 R is nearly equal in amplitude to E;)ied and
ER is practically zero, in the case oIPPhe large
time constant,

It is interesting to note that R and C can be any combination of values. As long as the
RC product is the same, the amplitude and phase relationship will be the same.

2. Small time constant.

For this case consider that the same 60 cycle sine
n wave (Fig. 28) is being applied to a series RC cir-
C ——.0l MFD. cuit in which R is 10,000 ohms and C is .01 micro-
SINE farads (See Fig, 30).
WAVE
GENERATOR R 10 K The RC product this time is ,01 x ,01 = .0001

or 1097 microseconds, quite small compared with
_ e 8,333 microseconds. Again find the resistance of
C to 60 cycles. This time it is 260,707 ohms. Now
Fig. 30 construct another set of simple vectors to show the
phase relationships. It appears that the output volt-
age, Ep, leads the applied voltage E
90° and has an amplitude that is very small, compared with E

applied by nearly

applied-
~Er R=100000 A B
Elapp
c R
o
o
Q
(o]
©0
o
1
O] Fig. 31
x A B
£ Y . Fig. 32
Xc APP
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Does the definition of the differentiating circuit apply to the sine wave? It most certainly
does. Take a look at the waveforms of Eypp)jeq and ER superimposed, one upon the other in
Fig. 32. It can be seen that the rate of change of Ejppljed at point A is zero; so is the amplitude
of Ep . At point B the rate of change of Eypp)jeq is maximum; so is the amplitude of ER.

SUMMARY:

1. A sine wave undergoes no change in wave form when passed through a series RC circuit, no
matter how small the time constant.

2. A sine wave applied to a series RC circuit results in an output voltage across the resistor
which is reduced in amplitude and leads Eapplied in phase by an amount dependent upon the time
constant. The smaller the time constant, the smaller ER and the greater the phase shift will be.

3. A very large time constant results in practically zero phase shift and almost no reduction
of amplitude.

4. A very small time constant results in a nearly 900 leading phase angle and nearly zero amplitude
of output.

INTERGRATING CIRCUITS

Since the integrating circuit is employed in television circuits, a brief discussion of its
main features is included here.

The integrator circuit. differs from the differentiatior circuit in that the output voltage is
taken from across the capacitor. The waveform of the output bears a definite relationship to the
input waveform which may be easily predicted with the aid of the following definition:

DEFINITION: An integrating circuit is a series RC circuit in which the amplitude of output volt-

age tends to be directly proportional to the amplitude of the input voltage. Again as in the case of
the differentiator circuit, the output is directly pro-
portional only when the time constant is infinitely

_[ ® \\TEGRATOR small; however, when the t_i_me constant is reason-
ably small, the definition is a workable tool in the
C ‘7Q\— practical sense. Fig. 33 shows the waveforms re-
sulting from the application of a triangular wave to
/\ a series RC circuit.
DIFFERENTIATOR
R —/— — Note that both the integrator and the differen-
tiator outputs are shown and that each waveform meets
° the requirements of the definition of that particular

type circuit.

Fig. 33 The definition of the integrating circuit may also

be applied in predicting the output waveform (across C)
resulting from application of square, sawtooth, and other complex waveforms. For example, apply
a 100 cycle square wave to a series RC circuit, in which R is 10,000 ohms and C is .001 (Fig. 34).

1. Sincet=1 , the time of one cycle equals 1 = .001 or 1000 microseconds. The time of

r 1000
1/2 cycle, then, is 500 micro-seconds

2. The RC product is .01 megohms x .001 microfarads = .00001 or 10 microseconds.
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Fig. 34

3. Since the time constant is 10 microseconds, the capacitor will charge to practically the full
amount of applied voltage change in SRC or 50 microseconds -- But, 50 microseconds is only
1/10 of 1/2 cycle along the time base. Therefore, for all practical purposes, the output voltage
(E@) rises instantly and, thus far, may be considered a replica of the applied waveform.

4. From point A to point B, Eapplie d does not change in amplitude. Therefore, since there is
no reason for C to charge or discharge, EC does not change either.

5. At B, the applied voltage goes sharpy in a regative direction, beginning the discharge cycle.

6. The small time constant will, of course, allow C to discharge just as rapidly as it was able
to charge. The output voltage (E), then, will change in the negative ¢irection just as much and
almost as rapidly as the applied voltage changes.

7. It should be apparent, without further development that the waveform across C is a reasonable
facsimile of Eapplie il and that the definition of the integrating circuit holds true. As a second

example, apply a sawtooth wave of the same frequency as that above to the same circuit as shown in
Fig. 35.

Fig, 35

1. If the capacitor were able to follow the sudden change, at A, in Fig, 34, then common sense
suggests that it can follow the slow change from A to B in Fig. 35 very well,

2. At B, the applied waveform looks just like a square wave; EC is able to follow the change in
Eapplied 1/10 of 1/2 cycle later, just as it did when the square wave was applied.
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3. Observe then, that the output is once more a reasonable facsimile of Eapplied and follows the

definition of the integrating circuit.

113



CHAPTER VH
TIME BASES FOR CATHODE RAY TUBES

In previous lessons we discussed the methods used to focus the electrons in the cathode-
ray tube into a small well-defined point of light on the screen. We also examinzd the advantages
and disadvantages of using magnets or plates inside the tube to sweep the electron beam up and
down, back and forth over the fluorescent screen. We have left to this assignment, however the
discussion of the various circuits and tubes which are used to actuate these deflector plates or
coils. As we shall see later in the text, it is vital that the deflection of the spot across the screen
be linear with respect to time. That is, that if the spot takes 100th of a second to go one cm., at one
portion of the screen, then it should continue to travel at this velocity in other portions of the screen.
This linearity of deflection with respect to time is essential for distortionless and uniformly bright
picture rasters. In addition to this, the deflections of the beam at the receiver should occur at the
same rate as the deflections at the transmitter. Thus, the ‘‘sweep circuits’ as they are called,
must run isochronously. However, when the scanning point as at one position at the transmitter,
the scanning point at the receiver must be at a corresponding position. Thus, not only must the
sweep circuits be isochronous, but they must be synchronous if pictures are to be reproduced
correctly. The circuit values of the sweep circuits at the receiver are arranged so that the lat-
ter produces isochronous deflections. But a special type of signal mixed in with the picture sig-
nal is relied upon to maintain synchronism. Logically they are called “synchronizing signals’’.

The proper raster can be produced by two sweep circuits which apply signals to their
respective deflection means which are at right angles to one another and to the cathode-ray
beam. As mentioned before, there are two fundamental methods of deflecting the cathode-ray
beam. The first of these methods is called electrostatic deflection, and it consists of applying
a potential difference between two metal plates placed near the beam. The two plates may be
compared to a condenser of very small capacity. They are placed parallel to one another and
they produce deflections of the beam toward the more positive plate. The other method of
deflection is called electromagnetic deflection, and it employs two solenoids located one on
either side of the tube neck. The deflection of the cathode ray beam occurs according to the
right-hand rule, (motor rule). Thus, if the first finger points in the direction of the field (toward
the south pole) and the second finger points in the direction of the cathode ray beam, then the
deflection will take place at right angles to both these directions in the direction that the thumb
indicates. Irrespective of the type of deflection used, the linear sweep is the same. In the case
of the electrostatic deflection, a voltage amplifier must be used to produce the 500 to 1,000 volt
potential necessary while in the case of electromagnetic deflection, current amplification must
be used to supply the necessary magnetic flux,

Thousands of different patterns can be easily formed on the fluorescent screen by the ap-
plication of various waveforms to the deflection plate. The trace shown not only depends upon the
frequency relationship between the two voltages or currents, but also upon their amplitudes and
the phase relationship existing between them. For instance, if two sine wave voltages of the
same amplitude and frequency are applied to the deflecting plates of a cathode ray tube, and
they are in the same phase (or the phase difference between them is zero degrees), then a straight
line inclined at an angle of 45~ will be shown on the screen. If the voltages are slowly forced out
of step with one another, the straight line will broaden out into an ellipse until the point when the
voltages become 90° out of phase when the ellipse becomes a circle. On increasing the phase dif-
ference, an ellipse will again be formed though it will tilt in the opposite direction. Finally, when
the phase difference becomes 1802 a line will once more be formed, but inclined at an angle of
1359, This will be made clear by reference to the diagrams in Fig. 3. If one of these voltages
is disconnected, leaving but one set of deflector plates, then a single line trace will be produced.
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Fig. 1. A conductor passing Fig. 2. An electron moves through

electrons moves through a the magnetic field after the manner
magnetic field in accordance of a conductor passing a stream of
with the motor rule as shown electrons or an electric current.

If this line is observed closely, the portions nearest the ends will be seen to be much brighter than
the portions in the center of the line. This is because the beam travels faster in the center than
at the ends of the sweep. This is characteristic of many types of deflection impuses, a sine wave
being one of them. Such a deflection would be obviously unsuitable for television purposes. If the
trace could be made to travel at the same rate at the center as at the outer portions so that a
constant velocity of the spot across the screen would be maintained, then obviously, tais would
provide the solution for television purposes. However, we have another requirement. When a sine
wave is used for deflection purposes, a deflection takes place in both directions so that the trace
of the beam in one direction is as clearly evident as the trace in the other direction. That is, the

SIMPLE SINE WAVE OF FREQUENCY AS SHOWN

WITH
o LINEAR SWEEP o
HARMONIC SWEEP OF SAME FREQUENCY
’ SEE PHASE
E o° 45° 90° 135° 180°
SWEEP SWEEP
RATE |IFI| RATE IIZF"

LISSAJOUS FIGURES

PROEE

225° as°® o° 22.5°

WAVE PATTERNS PRODUCED BY DISSIMILAR
SWEEP FREQUENCIES

Fig. 3.
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beam is swept back and forth in the same order of velocities. It has been decided, however,
that the beam should travel across the screen, vanish and reappear at the other side, so that
the scanning motion shall always take place in the same direction. The time that the beam does
not appear on the screen.is called the retrace or fly back time, and this period is utilized for
the synchronizing signals. Now it is apparent that we must have available a current or voltage
which increases uniformly with time to a certain value, and then drops very quickly to zero. A
wave possessing this characteristic is called a saw-tooth wave and the production of this wave-
form and its maintenance in subsequent amplifiers is one of the most important problems in the
design of cathode-ray receivers.

There is an almost infinite number of circuits that will produce saw-tooth waveforms.
One of the simplest of these circuits is composed of a regular sine wave oscillator and a chop-
per which suppresses all but the part of the wave occuring within 300 of the axis. This portion
of the sine wave is approximately linear, so that a crude form of saw-tooth wave is produced.

In the last few years two main types of saw-tooth wave generators have evolved. One of these
uses a gas relay tube, while the other is a high vacuum tube circuit. The former type of circuit is
the simplest to deal with, and it once enjoyed great popularity, It does, however have disadvantages
which are due to the variability of the characteristics of the gas tube. Gas tubes, it seems, can-
not be manufactured with perfectly uniform characteristics like the ordinary vacuum tube. The
amount of gas in each tube varies, also the temperature at which the tube is operated determines
the pressure of the gas. We have seen from previous assignments that the striking potential
of the potential at which a gas ionizes is dependent upon the pressure of the gas. In sweep cir-
cuits the striking potential determines both the amplitude and the frequency of the sweep so that
spontaneous changes in its value may .serve to cause distortion in the picture raster. For this
reason various vacuum tube arrangements are used in all television receivers. However, the
gas tubes lend themselves readily for illustrating the development of saw-tooth ‘voltage waves
and as such, are quite useful. Once the rise and fall of the wave is thoroughly understood, we
will examine the circuits currently employed.

THE NEON-TUBE OSCILLATOR

The simplest type of oscillator which produces a wave form approximately saw-tooth in
shape is known as the relaxation oscillator. It depends upon the slow charging of a condenser
through a resistance and its rapid discharge through a simple neon tube. The condenser is con-
nected to a source of DC thropgh a resistor. The glow lamp is connected directly across the
condenser. Current begins to flow into the condenser through the resistor, and the latter be-
comes equal to the striking of the gas within the tube the latter ‘‘breaks’’ down or becomes
ionized. Due to the low resistance of the ionized gas, the potential across the condenser drops
rapidly. Finally, a point is reached when the potential across the condenser is no longer suf-
ficient to maintain the discharge, so the current through the lamp ceases, and the potential
across the condenser begins to rise once more. The voltages at which the lamp strikes and at
which the lamp ceases to glow differ by a comparatively large amount, and it is between these
two values that the fluctuations across the condenser occurs.

The frequency of the oscillator depends both upon the resistance and the capacitance for
any single voltage applied. The larger the resistance, the smaller the current that will pass through
it, and so naturally the longer it will take for any amount of electricity to have passed through
it. Also, the greater the capacity of the condenser the greater the charge that will be required to
raise its potential to the striking value of the gas. Thus, the frequency of the circuit depends
upon what is known as its time constant. The time constant is that time in which the condenser
will charge to 63 percent of the potential applied to it, and it is equal to the resistance in ohms
multiplied by the capacity in farads. The actual relationship showing the potential across the con-
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denser at any time after the potential of the battery is applied is given by the following equation;

t

vev,1-eRCy 1

where V is the voltage across the condenser, Vg is the applied voltage, e is equal to 2.718 (the
base of napeiran logarithms), t is the time, R is the resistance, and C is the capacity. The time
is in seconds, the resistance, in ohms, and the capacity is in farads.

For example, if it is desired to find the potential across a one microfarad conderser after
it has had a potential of 100 volts applied through a resistance of one megohm for 100th of a sec-
ond, we substitute in the above equation:

.01
o -'6 -
V=100(1—e10 2 )orV=100(1-ne°01)

we find that this value of the power of e is equal to .99 from the table, so that V = 1 volt. If we
were to plot the values of the voltage across the condenser against the charging time on a suit-
able graph, we could obtain what is known as a logarithmic curve.

TABLE

Values of e* and e™%

X eX e ® X eX e X
0.00 1.0000 1.0000 0.25 1.2849 0.7788
0.71 1.0101 0.9900 0.30 1.3499 0.7408
0.72 1.0202 0.9802 0.35 1.4191 0.7047
0.03 1.0395 N,9704 0.40 1.4918 0.6703
0.04 1.0408 0.9608 0.45 1.5683 0.6376
0.05 1.0513 0.9512 0.50 1.6487 0.6065
.06 1.0618 0.9418 0.55 1.7333 0.5770
0.07 1.0725 0.9324 0.60 1.8221 0.5488
0.07 1.0833 0.9231 0.65 1.9155 0.5220
0.09 1.0942 0.9139 0.70 2,0138 0.4966
0.10 1.1052 0,9048 N0.75 2.1170 0.4724
0.11 1,1163 0.8958 0.80 2.2255 0.4493
0.12 1.1275 0.8869 0.85 2.359%6 0.4274
0.13 1.1388 0.8781 0.90 2.4596 0.4066
0.14 1.1503 0.8694 0.95 2.5857 0.3867
0.15 1.1618 0.8607 1.00 2.7183 0.3679
0.16 1.1735 0.8521 1,25 3.4903 0.2870
0.17 1.1853 0.8437 1.30 3.6690 0.2730
0.18 1.1972 0.8353 1.35 3.8570 0.2590
0.19 1.2092 0.8270 1.40 4,055 0.2470
0.20 1.2214 0.8187 1.45 4.2630 0,2350
0.21 1.2337 0.8106 1.50 4.4820 0.2230
0.22 1.2461 0.8025 2.00 7.3890 0.1350
0,23 1.2586 0.7945 2.50 12.1800 0.0821
0.24 1.2712 0.7866 3.00 20,0900 N.N498

117



Fundamentally, this is due to the fact that the current flowing through the resistor is pro-
portional to the difference between the applied voltage and the voltage across the condenser at
any time. This, of course, is just another way of saying that the current through the resistor
obeys Ohm’s law. Due to this fact, a lot of current flows at first when the voltage difference
is great, and a smaller amount of current flows afterward until finally, when the potential across
the condenser is equal to the voltage applied, then no current flows at all,

We can show that the current does actually vary in this manner by examining the relation
between the current at any time and the other circuit constants. This relation is:

where i is the charging current, V, is the applied potential, and R and the other letters have
the same significance as in the previous formula, Also, we must remember that the voltage ac-
ross the condenser is directly proportional to its charge and inversely proportional to its cap-
acity, or:
Q
S~= 0 o0@0o00o000 0 9000000 g 200000 c¢ I
V=t
where Q is the charge on the condenser, but Q equals the average current multiplied by the time.
From these relationships, we find that the rate of change of voltage across the condenser with
respect to time is equal to:
E RC
5 —— 9 000000 @ 9000000 aG000GGQ 4
\% RC ©

where V is the rate of change of voltage across the condenser with respect to time and the other
letters have the same significance as in the previous formulae. Now if the sweep voltage is to
be linear with respect to time, the rate oftchange of voltage V must be constant, or:

g _ RC

must be constant, and therefore, independent of the time t. This is obviously not the case, because
t is included in the expression. Therefore, we can see both from this discussion and from the
shape of the condenser charge curve that the voltage across the condenser does not vary linearly
with the time. For this reason, the circuit is not suit-
able for television purposes, although if the striking
potential of the tube is arranged so that only a small
portion of the curve is used in conjunction with an am-
plifier, the output can be made sufficiently linear for
commercial receivers.

VOLTAGE

Fig. 4. A Condenser Charging Curve.

TIME IN SECONDS
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THE THYRATRON

The thyratron tube, or grid controlled rectifier is very similar to a normal three-element
vacuum tube, except that it contains a gas at a comparatively low pressure. This gas is usually
neon, argon, or mercury. The acthode is of the usual indirectly heated type, and the efficiency
of some of these tubes may be as high as 95 percent or more, When a direct current (DC) poten-
tial is applied across the plate and cathode of the tube, and the grid is slowly changed from a
highly negative bias to a more positive one, the current flow in the plate circuit is practically
zero, and independent within limits, on the grid or plate potentials. Ata certain point, depending
upon the type of tube, the potentialé applied and the grid bias, the gas suddenly ionizes, and the
plate current rises to a value determined only by the external resistance in the plate circuit. That
is, an arc discharge within the tube occurs, If the thyratron is substituted for the ordinary glow
tube in the relaxation oscillator circuit, then the following action will take place. The poter.-
tial across the condenser increases linearily with time due to the characteristics of the pentode
tube. At a certain voltage value, determined by the bias on the thyratron, an arc will occur, and
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THE THYRATRON OSCILLATOR
Fig. 5. '

in almost negligible amount of time the voltage across the condenser drops to zero. In this circuit
we theoretically have two independent controls, one determining the frequency (the grid of the pen-
tode), and the other determining the amplitude (the grid of the thyratron). Actually, however, in
most practical circuits, the one factor affects the other, so that after changing the frequency of

a sweep circuit, it is usually necessary to readjust the amplitude control. Also the bias of the
thyratron can only be varied within certain limits; obviously, if the bias is too little or too great,
departure from linearity will occur. Notice that both the plate and grid circuits of the thyratron
include resistance. Due to the negative resistance of the discharge occuring within the tube, res-
istors must be in these circuits to limit the currents to reasonable values. The 885 tube, which

is very often used in sweep circuits, should, according to the manufacturer, have a thousand ohms
of resistance for each volt in the grid circuit, The resistance included in the plate circuit is so
small as compared to the plate resistance of the pentode that its effect upon the charging rate is
usually quite negligible. Incidentally, we must caution against thinking that the full voltage of the
DC source can be used, because even with the best pentode tube and other circuit conditions,the
current change does fall off slightly toward the peak condenser voltage, and thus, if the amplitude
is increased beyond a certain value, even the best sweep circuit will produce voltages which depart
from linearity near their peak values. :

The two sweep circuits used for the line and frame deflections of the cathode-ray tubes

are similar except that their frequencies must be different and corresponding to the line and °
frame frequencies respectively. As the usual frame frequency is 30 cycles per second and
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assuming a raster of 441 lines, then the line frequency required will be 30 times 525 or 15,750
cycles per second. To obtain this difference in frequency, the capacity of the condenser used in
the line sweep circuit is much less than that used in the frame sweep circuit. You will realize
that if the capacity is small, then it will take only a small amount of current flowing for a certain
length of time to a certain potential, whereas if the capacity is large, then much more current
must flow for that same length of time to have the potential rise to the same value. However,

the grid bias of the pentode tube is kept the same so that the current flow cannot change. There-
fore, it will take a longer period of time for the same rate of current flow to charge up a large
condenser than a small one.

I the sweep voltage from a thyratron circuit is applied directly to the deflection plate of
a cathode-ray tube, it will only deflect the beam from the center to one side. This must occur be-
cause a DC and not an AC potential is applied to the plate, and the normal position of the spot is
in the center of the screen. In most sweep circuit designs, the thyratron circuit is connected to
the defl€ctor plates by means of a small condenser. (See Fig. 6).

This condenser seves to allow deflection on either side of the center position due to the bound
charge stored up when the sweep condenser charges, and the release when the discharge occurs.

CatHope Rav Tuse
|
lc
DerLector
PLATES
l Tine Base I 3.3 M R
Pig. 6.

You will notice that the deflector plates are connected by a high resistance (several megohms.)
Now when the charging condenser of the sweep circuit begins to acquire potential, a potential is
also set up across the coupling condenser. This causes electrons to flow through the resistance
connected across the deflector plates, and a corresponding difference of potential is applied to the
plates and the beam is necessarily deflected. When the discharge occurs the direction of current
flow through the resistor is reversed. Therefore, the potential across the resistor is reversed and
the deflection of the beam is in the opposite direction. As the peak discharge potential is equal but
opposite to the peak charge potential, the beam will be equally but oppositely deflected. Thus, with
this arrangement, the deflection covers the tube face from one side of the screen to the other, and
not just from center to one side. The main thing to observe in the design of such a circuit is that
the time constant of the coupling condenser and the resistor across the deflector plates is greater
than the flyback time. If this were not the case, then obviously the beam would be deflected across
the screen, hover for a short time, come back to the center, stay there for a short time, and then
repeat the trace. This is undesirable, so the capacity of the coupling condenser and the resistance
across the deflector plates must be kept high especially in the case of the frame frequency. Inciden-
tally, apart from deflection considerations, if the resistor were not connected across the deflector
plates, the latter would acquire a charge from the electron beam which wlll cause various effects
under different conditions including defocusing and even deflection of the beam right off the screen.

120



VACUUM TUBE SAW-TOOTH OSCILLATORS

As we mentioned previously, the thyratron possesses several disadvantages. One of the
most important we have not discussed. This difficulty is due to the fact that slight variations in
the potential necessary to cause a thyratron to fire varies over periods of time., For synchron-
izing purposes this potential should be extremely constant as will be seen in the following para-
graphs. This and the other disadvantages of the tube have led to the design of more reliable
trigger devices. One of these is popularly known as the blocking oscillator.

The blocking oscillator is shown in Fig. 7. To understand
operation of this circuit, consider what occurs when there is a
slight disturbance in the circuit such as would arise when the
power was switched on. If the grid is driven positive, the flow
of electrons to the plate is increased, Further, if the transfor-
mer windings are properly oriented, the voltage transferred
back to the grid will act to further aid the positive voltage rise
at the grid. This, in turn, will increase the plate current still
more -- and the cumulative action of the continuing voltage in-
crease will soon result in a flow of grid current, charging con-
denser C. If the grid resistor, R, is sufficiently high, the el-
ectrons stored in C will be unable to return immediately to the
cathode and the grid will attain a sufficiently high negative volt-
age to cut off the tube. How long the tube remains in this

B+ condition is a direct function of the time constant (R x C) of the
. grid resistor and condenser. The charge orn the condenser will

Fig. 7. leak off gradually through R. When the charge has diminished

The basic blocking oscillator. sufficiently so that the bias is no longer exceeded, the current
within the tube will commenct to flow again. Each cycle, then,

consists of a short flow of plate current, the tube becoming ‘‘blocked’’ or cut-off until the start of
the next cycle. The plate and grid waveforms in Fig. 8 illustrate the circuit conditions more fully.

,ml

Since the frequency of the oscillator is directly controlled by the constants of R and C, mak-
ing either one adjustable will permit altering the oscillator frequency. For convenience, the res-
istor is devided into two units and one is made variable.
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Fig. 8. (A) The grid, and (B) the plate waveforms of a blocking oscillator.
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To adapt the oscillator for television use, modification in two respects is required. First, the
oscillator must be capable of generating a saw-tooth wave; second, provision must be made to en-
able control of the oscillator frequency by the incoming synchronizing pulses of the television signal.
The circuit shown in Fig. 9 incorporates these modifications

R —_— 1 —
o] 2
c,—— CHARGE AND
2-T— DISCHARGE COND.

Ra
L SIZE  ——
= CONTROL

R 4’/§bLD —

| CONTROL =

= B8+

SYNCH
‘PULSES

Fig. 9. The blocking oscillator designed
to generate saw-tooth waves.

For the generation of saw-~tooth waves, condenser C, is used. During the interval when the
tube is non-conducting, Cg is slowly charging through R, and R,. From Fig. 4 the condenser charg-
ing curve, we note that if we utilize only only the beginning portion of the curvée, that essentially
a linear rise in voltage will be obtained, At the end of the rise, the condenser is discharged (during
the short interval the tube is conducting). When the tube reverts to its non-conducting state, we have
the start of the second saw-tooth wave or cycle.

The rate at which 02 charges is controllable by Rq. If the full value of Rg is placed in the
circuit Co will charge at 4 slower rate, with the result that a smaller voltage will appear across Cy
at the time the tube becomes conducting. On the other hand, shorting out part or all of R3 will in-
crease the rate of charge of Cq proportionately. Consequently, within any given time interval, the
swing or amplitude of the saw-tooth wave generated will be directly dependent upon the setting of
Rg3. At the cathode-ray tube, the area covered by the electron beam is governed by the amplitude
of the saw-tooth deflection wave, Consequently, Rg will control the size of the image on the screen.
This accounts for the name of ‘‘size’’ control. The discharge of C, occurs when the tube conducts
heavily, since at this moment C, is offered a low-resistance discharge path through the tube. The
greater the decrease in the tube’s resistance, the more rapid the condenser discharge and the faster
the retrace of the electron beam. In practice, the horizontal retrace speed is ten times faster than
the forward speed; in the vertical system, the retruce is approximately 15 times faster than the
- downward travel.

To obtain the same image on the screen as is televised in the studio, close synchronization
must be maintained. For this purpose, horizontal and vertical synchronizing pulese are inserted
into the video signal. After the signal has been demodulated in the receiver, the pulses are separ-
ated or clipped from the camera portion of the signal and applied to the proper sweep oscillators
for control.

The point of application of a synchronizing pulse to the blocking oscillator is shown in Fig. 9.
The pulse appears across R4 and acts directly on the grid of the tube. The most effective point
of oscillator control is obtained if the pulse is applied just slightly before the oscillator comes out
of cutoff, such as point A in Fig. 8. A positive pulse at this instant would pre-maturely trigger the
oscillator, forcing it out of cut-off and initiating the start of a new cycle. If a pulse is applied at
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this same moment in each cycle, it will lock the oscillator in step with its own frequency and the
two will be in synchronism. Note that upon the application of each synchronizing pulse, the tube
conducts heavily. C, discharges and the electron beam retraces. At the end of the cycle the
application of the neXt pulse finds the beam again at the extreme right-hand side of the screen,
ready for a retrace.

The oscillator will remain locked-in so long as the synchronizing pulses and the oscillator
frequency are sufficiently close to each other. However, if the oscillator slips out of control,
then a series of over-lapping images will be obtained on the screen, completely destroying the
enjoyment of the broadcast. Under these circumstances, adjustment of the hold control is required
in order to bring the oscillator back into the locked-in condition.

THE MULTIVIBRATOR

A second type of sweep oscillator which has been widely used is the multivibrator circuit
shown in Fig. 10. Essentially the multivibrator is a two-stage amplifier, with the output voltage
of the second tube fed back to the grid of the first tube. The plate voltage variations of each tube
are 1800 out-of-phase with the grid voltage of the same tube. Hence, with a two-stage amplifier
the phase difference between the grid voltage of the first tube and the plate voltage of the last
tube is 3600 out of phase. Due to this, the feedback will sustain oscillations.

B+

< _/1/|

SYNCH DISCHARGE COND.
PULSES

3 l
C4—— CHARGE AND

Fig. 10. A multivibrator oscillator.

Analysis of the circuit operation indicates that only one tube in the circuit is functioning at
any one time. Thus, let us suppose that a disturbance in the circuit acts in such a manner as to
increase the current through V,. The increased current will decrease the plate voltage of V and
the decrease will appear at the grid of V,, as a negative voltage by virtue of the coupling condenser,
C2. The negative voltage at V., will reduce its plate current, thereby raising the plate voltage. Due
to the connecting condenser, (,23 a positive voltage will appear across Ry, further aiding the initial
rise of grid voltage at this tube. The increased plate current of V,, as a result of the additional pos-
itive grid voltage, will again lower the plate voltage at this tube. The grid of V9 will go more neg-
ative, until, when the cumulative effects are sufficiently large, V, is driven into cut-off. At this
moment, only Vi is passing current. The length of time that V, 1Is kept in the non-conductive state
will depend upon the time constant of the grid network of Vy; namely , C9, and Ry + R3. The lowering
of the: voltage at the plate of V, has produced a negative charge (with respect to ground for V2)
across Cy.- It is this negative charge which keeps Vq cut-off. Until this charge has been able to leak
off through Ry R, and V¢, no conduction through V5 can occur. Adjustment of R3 will permit vari-
ation in lengtﬁ 013 time it takes Cgp to discharge which will, in turn, be one determining factor in the
frequency of the oscillator.
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When the grid voltage of V, has decreased sufficiently to permit current flow, the reverse
of the conditions described above will take place, cumulating in the cut-off of V1. The flow of
current through V5 will lower its plate voltage and this decrease will be transmitted to the grid
of V. via C,. The plate current of V; will decrease in proportion, increasing the plate voltage
of Vi. The positive voltage reflected back to Vo will further increase its current and decrease
Vo’s plate voltage. While this sequence of events is described rather slowly, the cumulative
rise of current in one tube and its decrease in the other occur very rapidly. The end result is
a high current flowing in one tube, while the transmitted negative charge brings the other tube
to cut-off. The length of time that V; is kept non-conducting will depend upon the length of time
required by Cq to discharge its excess electrons through R; and V5. When V; is able to conduct,
the quick switch over is made again. This cycle of events continues for as long as the circuit
is in operation.

To utilize the multivibrator in a television receiver, provision is made to receive the proper
synchronizing pulses and to generate saw-tooth voltages. This is shown in Fig. 1N, When V, is
non-conducting, C4 is slowly charging through R and Rg. The syachronizing pulse is applied to
V1 and is negative so as to drive V; to cut-off. This immediately brings V, into conduction,
discharging C4. The multivibrator is so designed that V9 conducts only long enough to discharge
C4, whereupon Vg is cut off and C4 starts another saw-tooth cycle.

CATHODE-COUPLED MULTIVIBRATOR
A modified version of the multivobrator, shown in Fig. 11, has been widely employed. In

this unit, feedback is accomplished in two ways: through the coupling condesner, C2, and the
common un-bypassed cathode resistor, Ry.

B+

Any change which occurs in the plate circuit of V,is
applied to the grid circuit of Vy. All changes in V, are
refledted across Rk and this, in turn, affects Vy. If a
disturbance in the circuit should cause the plate current
of V; to increase, the plate potential of this tube will de-
crease. This decrease will reflect back to Vy via Cy and
swiftly drive Vg to cut-off in a manner similar to that
Co p— described above for the multivibrator. The length of time

'—I """" L. saw-tootn V3 remains inactive depends upon the time constant of
SYNCH 3 WAVES Cy and Ry plus R,. When Vg is again in operating con-
PULSES —— o dition, current rapidly increases, developing a sufficiently
large negative voltage across Ry to bias V; to cut-oft.

= = =/ = Vg continues to conduct because when V4 is brought to
HOLD CONTROL current cut-off, the positive increase in plate voltage (of
Fig. 11. V1) couples a positive charge into the grid circuit of V.,.
The cathode-coupled multivibrator. INis positive grid voltage overcomes, to a large extent,
the negative bias across Ry and permits V4 to conduct,
While V,, is conducting, C4 is discharging through the tube and causing the beam to retrace across
the screén. When the grid of V9 draws enough electrons (due to its positive charge) to become
blocked, the negative bias across Rk decreases and Vj starts to conduct again. Cq is now charging
slowly, developing the saw-tooth wave. Rg is the controlling factor over the frequency of the unit
and hence it would be labeled ‘‘hold’’ control. Rg governs the rate of charge of Cg and is the ‘“‘size”’
control. .
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DEFLECTION COILS

The saw-tooth voltage waves, when applied to a set of deflection plates, will produce the proper
deflection of the electrom beam. On the other hand, applying the same voltage to a set of deflection
coils will not result in a linear deflection of the beam across the screen. The reason is due to the
fact that a saw-tooth applied across an inductance does not produce a saw-tooth current and in elec-
tromagnetic deflection, the coil, the magnetic flux and the beam deflection are all directly related.
By modifying the form of the voitage applied to the deflection coils, the proper beam deflection can
be obtained. The modification is readily achieved and is discussed in the lessons covering receiver
design and operation.

SYNCHRONIZING

The sweep circuits at the transmitter and receiver must be synchronous and in order to main-
tain this arrangement, special signals must be transmitted from the scanner at the originating end
to the scanner at the reproducing end. Two signals are usually used, one after each line and one
after each frame of the picture. These signals are generated by simple vacuum tube circuits fed
from the proper sweep circuit. One is usually of a greater magnitude than the other or has a dif-
ferent waveform so that they can be distinguished at the receiver when applied to the proper sweep
circuit, If amplitude selection is used, the frame signal is of a greater magnitude and a resistance
network is used in series with the input of the frame sweep circuit so that only a large signal will
influence it. As the frame change only occurs after the last line, the introduction of the frame
synchronizing signal to the line sweep circuit does not cause any trouble. W#hen differently shaped
waves are used for the vertical and horizontal sweep circuits, wave front selectors are ,used to
separate the horizontal and vertical synchronizing impulses. Simple arrangements of condensers
and resistors can be made to correspond only to steeply fronted waves.

Many television systems use a simple frequency filter to separate the two synchronizing sig-
nals. As the line synchronizing signal occurs several hundred times as often and, if of shorter
duration than the frame synchronizing signal, then its frequency must be much higher. Obviously
then, they can be easily separated by means of simple frequency filters composed of a condenser
and resistor network.

DEFLECTOR COILS

If electromagnetic scanning is used, various types of coils may be used to provide the scan-
ning fields. The design of the coil is dependent upon many factors including the preservation of the
saw-tooth waveform of the current passing through them, the frequency of the sweep circuit for
which the coils are to be used, etc. Iron core coils are used for scanning. The inductance of the
coils must obviously be kept low, otherwise the attenuation at the higher frequencies would become
extremely serious and distortion of the saw-tooth waveform would result, Various means are re-
sorted to to maintain this condition. Very often additional amplifier tubes are used in conjunction
with the sweep circuits so that large output sweep currents are available and so only coils having
a reasonable number of turns need be employed to produce the necessary magnetic flux. Sometimes
the neck of the cathode ray tube is constricted between the electron gun and the screen so that the
coils can be placed closer to the beam and smaller magnetic fields can therefore be used. The main
feature of the iron core coil is its economy with regard to the scanning currents required because
of the influence of the iron on the field distribution. The lines of force travel through the iron
rather than through the air so that the magnetic field of the coils is confined to the location where
it is of actual value. Usually a complete return iron yoke is used so that the stray fields will be
reduced to. a minimum. One serious disadvantage of iron core coils is the prolongation of the
fly-back time. This may seriously interfere with the picture raster, and some of the workers in
the field use a small air gap between the two coil units. By adjusting the length of the gap, the
reluctance of the magnetic circuit can be varied and the fly-back time can be kept within reasonable
limits.
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When both magnetic focusing and deflection is employed, the line coils are usually placed
inside the magnetic focusing coil and thus minimum interference occurs. This might sound
strange unless one remembers that inside the magn=tic focusing coil the magnetic field of the
coil and the magnetic scanning field will be exactly at tight angles to one another and therefore
not interfere, whereas if they are separated by a small distance the lines of force from the
focusing coil will have a sizable component in the same direction as the scanning field. Of
course, iron core coils are more suitable for the frame scan than the line s¢an because of the
former’s lower frequency.

’

Extreme care must be taken in the placing of the coils and also in their design to prevent
one set of coils interfering wtth the other. Very serious distortions of the pictureraster will
occur if the interlinkage occurs. When magnetic focusing is nsedas well as magnetic scanning,
considerable difficulty is often encountered to prevent the various magnetic fields from inter-
fering with one another. Magnetic shields must be used, and the various wires must be kept
well apart. So serious are the difficulties that are sometimes encountered that some manu-
facturers of television receivers have abandoned the use of both magnetic focusing and magnetic
deflection, and are using electrostatic focusing and magnetic deflection. If the latter is not
adopted, variation in the vocus of the spot, distortion of the raster, and deflection of the raster
as a whole may result. When electrostatic focusing and magnetic deflection is used, however,
the focus of the spot is not destroyed under any conditions although a certain amount of astig-
matism may occur due to a non-uniform field between the deflector coils. This can be over-
come by shaping the coils if they are air core, or shaping the iron core if of that design. In
either case a uniform magnetic field may be produced and consequently distortion of the spot
may be eliminated.

INTERLACED SCANNING

If two frequencies are used in the manner described above, lines across the raster will
be formed successively. This is called sequential scanning and is the simplest type used.
It has been found that if the raster is scanned in a different manner, not successively, then
the flicker of the picture is reduced and the apparent deiinition is improved. This process
is called interlaced scanning. The simplest form of this scanning is interlacing of two fields.
To accomplish this, every other line is scanned first down the whole depth of the frame. Then
the odd lines are scanned to complete the scanning of the raster. Most cathode-ray systems
use a two field interlacing arrangement, but in many mechanical systems, three fields or even
more may be used.

- If a raster of 525 lines is used, and a frame
Col. zzmn e frequency of 30 per second, then the horizontal or
LT - line scan must have a frequency of 30 x 525 or
IR, A 15,750 cycles per second. I an interlacing arrange-
AR ¥ ment is used wherein the total number of lines per
HENHONE frame is 525 and two interlacing fields are used,
—Rplly Ha R then there will be 262 1/2 lines per field, but the line
Wae U F T~ frequency will be the same as before. The frequency
NI f T~ ._ of the vertical scann must be twice as great, however.
DEFLECTING COILS That is, must have a frequency of 60 cycles rather
Fig. 12. than 30 cycles per second.

You will realize that the scanning lines are not exactly horizontal but slanted, This, of
course, does not have any deleterious effect as far as the picture is concerned, but it makes
possible a very simple arrangement ot accomplish the two field interlacing in which we are .
interested. The frequencies of the line and frame scans are soarranged so that each fielc_l
will end one-half line short. That is, the last line of the raster will be cut in half b.y the vert-

126



will end one-half line short. That is, the last line of the raster will be cut in half by the vert-
ical scan. The next field, therefore, begins with half a line, proceeds in the normal manner to
the bottom of the raster where this time the frame fly-back and the line fly -back synchronize
so that the next field begins with a full line. Thus, the total frame will consist of an odd num-
ber of lines. For instance, in the two interlaced foeld systems now beirg widely used, each
field consists of 262 1/2 lines and therefore uses a frame of 525 lines. The placement of the
odd lines between the even lines is due simply to this half line cut-off arrangement. This will
be made clearer by the diagram in Figs. 13 and 14, Even line interlacing has been used by
Farnsworth, but it has assumed no commercial importance to date. Also triple and even
quadruple interlacings have been used, in fact some television machines manufactured by

A. T. I. use a triple interlaced field but these methods have not as yet been widely used in
cathode-ray tube practice.

Fig. 13. Fig. 14. Double
Sequential Scanning. interlaced scanning.
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CHAPTER VIII
SPECIAL CIRCUITS

LIMITERS

Limiters, in one form or another, find application in many A.M., F.M., and television cir-
cuits. Their purpose, as their name implies is to limit or restrict the amplitude of the incoming
signal. In A.M. receivers, the limiter is useful ir reducing the effects of loud bursts of interfer-
ence at the speaker. In F.M. receivers, the limiter removes any amplitude modulation existing
in the received sigral, thus presenting a purely F.M. signal to the discriminator. In television
circuits, the limiter is employed in the clipper stages and in the F.M. audio system. Limiter
circuits include diodes, triodes, and pentodes. A few of the more common applications will be
discussed in the following sections.

DIODE LIMITERS

Series - Diode Limiters. -- It is well known, by this time, that a diode will conduct only when its
plate is positive with respect to its cathode. If we keep the cathode at ground or zero potential,
then the diode will start conducting as soon as its plate becomes one-half volt or more positive.
As the plate becomes increasingly positive, the tube current will increase. The current will
depend upor: the amount of voltage which is applied to the tube. When the voltage is low, then

the current will not increase as fast as the voltage. In the characteristic curve of a diode,

Fig. 1, section AB would correspond to the low-voltage instance just cited. Note the gradual

rise from A to B, indicating electrically that the op-
position of the tube is such as to require a relatively
large change in voltage for a small change in current.

From B to C, Fig. 1, the curve becomes linear

Ip and the voltage and current rise in step with each-
other. The slope of the curve will govern the resis-

tance of the tube. If the slope is gradual, (the seg-

B ment BC makes a small angle with the E_ axis),
A then the resistance offered by the tube is high. As
the slope becomes steeper, the plate resistance of
Ep the tube decreases.
Fig. 1. Beyond point C, the plate current is close to

saturation and a further increase in plate voltage has
very little effect on the plate current. The tube res-
istance now is very low.

To limit the extent of positive signals, the diode
can be connected as shown in Fig. 2. Upon the appli-
cation of a signal voltage, e;,» the output voltage re-
mains at zero throughout the positive half-cycle since
the cathode is then more positive than its plate.
During the negative half-cycle, the reverse situation
is true and the tube conducts. Note that the negative
half cycle voltage, which appears across R, is less
than the negative half cycle of the input wave by the
amount equal to the voltage lost across the tube.

eIN

In a similar manner, if we reverse the diode

128



connections, we can limit the positive swing of the
input voltage. This is shown in Fig. 3.

Parallel - Diode Limiters. -- Instead of connecting
the diode tubes in series with the circuit, it is pos-
sible to connect them in parallel.
In Fig. 4A, the diode is connected so as to limit
the positive portions of the incoming signals. The
Fig. 3. cathode is held at ground potential and the tube conducts
throughout the entire positive half-cycle. Current flows
through the tube and through the series resistor R. As R is large compared to the plate-to-cathode
resistance of the diode, essentially the entire input voltage is developed across R and very little ap-
pears across the output terminals, C, D. What output voltage is obtained is actually the voltage ap-
pearing across the tube, e,. On the negative half-cycle of the input wave, the diode is non-conductive,
presenting an extremely gigh impedance across the circuit. The wave appearing across the input
terminals AB is transferred with very little loss (in series resistor R) to the output terminals CD.
It must be remembered, however, that this condition only holds when the tube is not conducting.

eIN

The circuit in Fig. 4A clips off the positive portion of any incoming signal. By reversing t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>