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Modern television mokes it possible to tronsmit both sound ond picture from the studio
to viewer's homes.
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Each day for millions of years, the beautiful sun
has risen upon this continent, or upon the great
waste of waters that covered what is a continent
today. Each rising of the sun found the earth better,
nearer the perfection that is the earth’s destiny.
What the sun is to this material planet, education,
a sun of knowledge and progress, is to the human
mind. Its rising does away with clouds, promising a
new, better day.

—Arthur Brisbane



MODERN TELEVISION

The modern television system,
contrary to popular belief, is not
a unique system by itself. It
merely is a special form of radio
communication. One of the main
differences in standard broadcast
and television is the type of input
and output transducers. In stand-
ard broadcast, sound is converted
to electric energy and radiated
into space and the signal is con-
verted back to sound at the re-
ceiver. At the television transmit-
ter, the light and shades of a
scene are converted to electric
energy and radiated into space. At
the receiver the signal is converted
to an image on the receiver screen.

However, due to the drastically
different types of information
found in the sound and picture
signals, two complete and sepa-
rate transmitters are used in a
television broadcast system. Fre-
quency modulation is used for the
sound signals while the picture
signal, combined with control sig-
nals generated at the transmitter,
amplitude modulates a separate
transmitter. For the same reason,
although the tuning and i-f cir-
cuits may be combined, separate
sound and picture circuits are em-
ployed throughout the rest of the
television receiver.

Several important factors are
involved in the development of a
practical television system. The
system must accomplish the equiv-

alent of the most important acts
performed by the human optical
system in the process of ‘“‘seeing.”
The total intelligence conveyed by
the eye, from the scene to the
brain of the observer, consists of
(1) distribution of light and shade,
(2) motion, (3) color distribution,
and (4) perspective.

The television camera changes the scene into elec-
tric pulses which ore omplified and transmitted.

Courtesy CBS-Columbio Inc.

Listed in the order of their im-
portance, these factors show that
the primary requirement for the
mental perception of a scene is
knowledge of the distribution of
light and shade, because without
this knowledge, no visual intelli-
gence is possible. As this factor
alone produces only a static pic-
ture, motion must be added to
provide the minimum require-
ments of a practical television sys-
tem. It has been found that while
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color can be dispensed with, be-
cause the eye does not insist on
reproduction in natural colors,
maximum picture detail is very
important, and much of the tele-
vision development engineering
has concentrated on this aspect.

At the present time, no method
is known by which an entire scene
may be transmitted instantane-
ously with any reasonable amount
of detail. To translate an optical
picture from light values to cor-
responding electrical currents or
potentials, some form of photo-
electric device is necessary. How-
ever, if a photosensitive surface
were simply held up before a scene
to be transmitted, the photoelec-
tric effect would be proportional
to the average illumination of the
whole scene and could not give
any information as to the particu-
lar distribution of its light and
dark areas. It would be like trying
to take a photograph by snapping
the shutter without a pinhole or
other form of lens in the camera.
No picture would be formed be-
cause the film would be uniformly
exposed over all of its surface to
a degree depending upon the aver-
age illumination of the subject and
the length of exposure.

If only the left half of the scene
to be transmitted were allowed to
affect the photosensitive device,
and then only the right half, in-
formation regarding the relative
brightness of the two sides of the

A modern television tronsmitting ontenno.

Courtesy Federol Telecommunication Lobs., Inc.

scene would be obtained, although
nothing resembling a picture would
be transmitted. This method of
allowing different parts of the
scene to affect the photosensitive
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The television transmitter includes two complete ond seporate units, one for sound ond the
ather for picture infarmotion.

device in sequence is known as a
sequential system, to distinguish
it from the INSTANTANEOUS trans-
mission of picture information
which is accomplished by the
human eye and its optical nerves.

ANALYSIS OF ACTION
OF HUMAN EYE

As shown by the simplified
sketch of Figure 1, in the human
eye the light from the scene is
focused by a lens upon the inner
light sensitive coating on the rear
wall. This light sensitive coating,
called the retina, is composed of

Courtesy Federal Telecommunication Labs., Inc.

about 18,000,000 elements, each
of which reacts to light like a tiny
photo-voltaic cell. Each element is
connected to the brain by an indi-
vidual fibre of the optic nerve and
is capable of acting independently
of the others. Thus, each of these
tiny light sensitive elements (rods
or cones) can transmit to the brain
information regarding the inten-
sity and the position of the par-
ticular ray of light striking it.
This information, simultaneously
reaching the brain from all of the
elements, forms instantly a men-
tal image of the object viewed.
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The amazing abilities of the tiny
elements of the retina are:

(1) to distinguish between vari-
ous degrees of light and
shade;

(2) to distinguish between col-
ors;

(3) to transmit sensations to
the brain for a short time
after the object has disap-
peared or moved;

(4) to transmit information per-
taining to the height and
width of the object being
viewed;

(5) to perceive detail in the ob-
ject;
(6) to record motion, and

(7

with both eyes, to realize
perspective.

To transmit a picture with rela-
tivelight intensities, motion, color,
and perspective, it would require
a television system employing a
pair of circuits for each of the
three primary colors, six channels
in all, with each pair of received
images arranged in stereoscopic
manner. Eliminating color and
perspective permits the transmis-
sion of a ‘“black-and-white” mo-
tion picture over a single channel
television system. However, the
instantaneous transmission of vis-
ual information as performed by
the eye is impossible, because of
the impracticability of using even
a few conductors or radio carriers
between the transmitter and each

receiver not to mention the 18
million of them which would be
required to equal the sensitivity
of the eye.

SEQUENTIAL PICKUP OF
PICTURE ELEMENTS

Basically, a black-and-white still
picture consists of nothing more
than a particular geometrical ar-
rangement of various sized areas
of light and shade. This can be
seen immediately upon the close
examination of a photograph
which, as printed in a newspaper,
consists of many tiny dots whose
diameter varies with the light and
shade in the different areas.

These dots are extremely small
points of light or shade which con-
stitute the basic component parts
of the image, and since these are
the smallest divisions or units into
which the picture is divided, they
are called PICTURE ELEMENTS.

As stated above, it is impracti-
cal to have a separate transmis-
sion system for each element,
therefore to transmit pictures by
television the only alternative is
to use one transmission system
and send the respective items of
information over it, one at a time,
in orderly succession. At the re-
ceiver, the picture elements are
reassembled to reform the picture
and any order of selection of ele-
ments may be used as long as the
same sequence is followed in both
transmitter and receiver.
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An iconoscope comero tube. The pictures ore fo-
cused on the mosaic mounted inside the foce of the
tube,

Courtesy RCA

When this process takes place
at a sufficiently rapid rate, the eye
is deceived into ‘‘seeing’’ the entire
picture at once although but one
element is being produced on the
receiver screen at any instant. If
it were not for what is known as
the persistence of vision of the
human eye, the sequential method
of television would not be a suc-
cess. Although it introduces com-

plications, it is the only practical
method available at the present
time.

The pickup or selection of pic-
ture elements is known as scan-
ning and various sequences or
methods have been tried, such as
sine wave scanning, spiral scan-
ning and radial scanning. How-
ever, as most of these produce dis-
tortions of the image, due to dif-
ferent scanning rates on different
areas, the standard method used
in present day television is called
LINEAR SCANNING.

This method of scanning an
image is like that by which a reader
SCANS a printed page such as this
one. The eyel begins at the upper
left-hand corner, travels along the
first line of words until it reaches
the right-hand edge, then suddenly
reverses its direction of movement
and returns quickly to the begin-
ning of the second line where again
it begins its uniform left to right
motion. This sequence continues
until, on reaching the right end of
the last line at the bottom of the
page, it moves to the upper left-
hand corner of the next page.

To illustrate this action, Fig-
ures 2A, 2C, 2E, and 2G represent
a surface of finely divided photo-
sensitiveislandslocated in the tele-
vision camera tube at the trans-
mitter. The image, of the letter
“T” is focused optically on this
surface which, for simplicity, is
divided into 256 small squares or
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elements each with an area equal
to that covered or affected by the
selector.

The selector starts scanning at
the upper left hand corner of Fig-
ure 2A and transmits a signal
which indicates this element is
bright or white. Connected to the
transmitter by wire or radio the
receiver must convert this signal
to a bright or white element on its
screen. In Figure 2, the receiver
screen at B, D, F, and H is the
same size as the photosensitive
surface in the television camera,
but in practice, it may be propor-
tionally larger or smaller. How-
ever, the receiver screen and cam-
era sensitized surface always have
an equal number of elements. MAK-
ING THE RECEIVER SCREEN LARGER
INCREASES THE AREAS OF ITS ELE-
MENTS; IT DOES NOT INCREASE THE
IMAGE DETAILS.

As indicated in Figure 2A, the
selector at the upper left element
of the camera mosaic transmits a
signal which causes the reproducer
in Figure 2B to generate a bright
element at the upper left element
of its screen.

The selector and reproducer
move at the same speed to the
right and when the second ele-
mental area is reached, the selec-
tor transmits the information that
this element is white also. This is
shown by Figures 2C and 2D.
Movement continues along the top
line of elements, and then along

the second line, etc., according to
the linear scanning method de-
scribed above. At the third ele-
ment of the third line, the selector
transmits the fact that this area
is shaded, or black, and the repro-
ducer correspondingly produces a
dark spot at this point on the re-
ceiver screen. The same informa-
tion is transmitted when the selec-
tor and reproducer are at their
respective fourth and fifth ele-
ments of the third lines, as shown
in Figures 2E and 2F.

The action continues, element
by element and line by line, until
the entire area of both screens has
been covered. Conditions at the
eighth element of the tenth line,
with the “picture” almost com-
pleted, are shown in Figures 2G
and 2H.

Since the persistence of vision
of the human eye is 1/16 of a sec-
ond at most, the entire image
must be scanned in 1/16 of a sec-
ond or less in order that the im-
pression of the first or upper left-
hand corner element does not die
away before the last or lower right-
hand corner element is produced
on the receiver screen.

Although the eye “sees’ a com-
plete image, at this rate a definite
flicker is noticeable and, to over-
come this effect, the scanning
speed must be increased. A simi-
lar condition is found in motion
pictures, the film for which actu-
ally consists of a great many still



Page 10

Modern Television

pictures, each differing slightly
from those immediately preceding
and following it. Here it has been
found that a picture-repetition
rate faster than 15 per second is
sufficient to produce the illusion
of motion without excessive jerki-
ness, but to satisfy the persistence
of vision of the eye, the individual
pictures may be projected on the
screen at a rate of 16 per second.
However, for sound pictures, the
projection rate has been increased
to 24 per second. In modern tele-
vision the entire image is com-
pletely scanned 30 times each sec-
ond to provide a picture. Hence,
it has a FRAME frequency of 30 per
second.

Although only 256 elementary
areas are used in the example of
Figure 2, in practice the area to be
scanned is actually broken down
into many more elements. In an
earlier explanation it was demon-
strated that, the smaller the ele-
ments, the truer the reproduced
image, therefore in modern tele-
vision reception, most images con-
tain from 100,000 to 200,000 ele-
ments.

To reproduce 200,000 elements
successively in 1/30 of a second
requires a transmission rate of
30 x 200,000 or 6,000,000 elements
per second. Assuming two ele-
ments make up one electrical cycle,
the transmission and reception
equipment have to respond to a
maximum picture or video fre-

quency of 6,000,000 + 2 or 3,000,-
000 cycle (3 mc) per second. How-
ever, for greater detail, more ele-
ments are necessary and the video
frequency may be as high as 4 mec.

=

7y

A monitor is used in the studio to observe the pic-
ture being transmitted.

Courtesy Federal Telecommunication Labs., Inc.

In television transmitters, most
video frequency amplifiers are de-
signed to pass frequencies as high
as 5 or 6 megacycles without at-
tenuation so as to assure the pass-
ing of signals corresponding to the
maximum picture details. The
problem of dissecting and re-
assembling images at this terrific
rate has been solved by the appli-
cation of cathode ray tubes, the
electron beams of which corre-
spond to the selector and repro-
ducer of Figure 2 and are capable
of moving at the required speed.

Known as a camera tube, a mod-
ified form of cathode ray tube is
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employed to convert the scene
from light to electricity by means
of a light-sensitive plate. Focused
onto the light sensitive plate by
an optical lens system, the optical
image forms an electric charge pat-
tern that corresponds to the light
image.

Scanning the charge pattern in
the linear motion described for
Figure 2, an electron beam con-
verts the pattern into an electric
current, the instantaneous values
of which correspond to the rela-
tive brightness of the individual
elements of the light image. After
proper amplification, this picture
signal is used to modulate a radio
frequency wave which is radiated
from the transmitter antenna.

IMAGE REPRODUCTION

At the receiver, the modulated
carrier is selected, amplified, and
demodulated, after which the “pic-
ture signal” is again amplified and
finally applied to the cathode ray
picture tube, which is similar to
those used in cathode ray oscillo-
scopes.

A deflection system causes the
beam to travel over the lumines-
cent screen in the same scanning
movement and in step, or in syn-
chronism, with the beam in the
camera tube at the transmitting
station. The spot of light produced
on the screen by the impact of the
electron beam, traces out the beam
motion so that all the points in a

rectangular area are illuminated,
one after the other.

The process of successive illumi-
nation of these points is so rapid
that the effect on the eye is of
simultaneous and uniform illumi-
nation over the entire rectangular
area. Close examination of the pic-
ture tube screen reveals it to be
iluminated by a series of parallel,
adjacent, horizontal lines. The im-
age is reproduced by varying the
brilliance of the spot as it moves
across the screen and these changes
are obtained by applying the pic-
ture signal to the electron gun
control grid.

As stated previously, the scan-
ning movement of the picture tube
electron beam is synchronized with
that of the beam in the camera
tube, therefore, the elements on
the receiver screen have a bright-
ness which is directly proportional
to that of the corresponding ele-
ments of the scene at the trans-
mitting studio. In this manner,
the successive picture elements,
and thus the entire image, are
transmitted from the studio to
the receiver screen.

THE PROBLEM
OF SYNCHRONISM

To have the picture elements on
the receiver screen maintain the
same relative position as the cor-
responding elements on the camera
tube image plate, it is necessary to
synchronize the movement of the
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A monitor is provided for each camera being used on the program.

beam in the picture and camera
tubes. This is accomplished by
means of special synchronizing sig-
nals or SYNCHRONIZING PULSES
which are generated at the trans-
mitter and control the frequen-
cies of the circuits which generate
the camera tube deflection volt-
ages. Like the picture or video
signals, these same pulses modu-
late the r-f wave. In the receiver,
these pulses are separated from
the picture signals to control the
frequencies of those circuits which

Caurtesy Allen B. DuMant Labs. Inc.

produce the receiver picture tube
deflection voltages.

THE
TELEVISION TRANSMITTER

To assist in the explanations of
the various signals and their inter-
relationships in the complete tele-
vision signal, a simplified block
diagram of a television transmitter
employing an image orthicon cam-
era tube is shown in Figure 3. Ac-
tually there are two complete
and separate transmitters—one
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for the picture and synchronizing
signals, and one for the sound sig-
nals. Thus, the complete television
signal includes two r-f waves, one
amplitude modulated by the video
and synchronizing pulse signals,
and the other frequency modu-
lated by the accompanying audio
signals.

SYNCHRONIZING PULSE
GENERATOR

As previously explained, the
synchronizing pulses generated at
the transmitter control the deflec-
tion of the electron beams in both
the camera tube and the receiver
picture tube. The SYNCHRONIZING
SIGNAL GENERATOR shown at the
center of Figure 3 is a very essen-
tial piece of equipment in the com-
plete television system. It is the
fundamental timing unit and pro-
duces all the required pulses with
their correct shapes and in proper
relationship with each other. From
the synchronizing generator, sync
pulses are applied to the camera
sweep generator and also to the
control amplifier where they are
mixed with the video signals.

IMAGE ORTHICON CAMERA

The most important element of
a television camera is the camera
tube that converts the optical im-
age into an electric signal voltage.
The tube employed in the camera
of Figure 3 is an IMAGE ORTHICON.
An optical lens system at the front
of the camera housing focuses an

image of the scene to be trans-
mitted on a light-sensitive plate in
the camera tube. The signal volt-
age is taken from a signal plate
and applied to the camera pre-amp.

Camera Pre-amp

Located in the camera housing,
the CAMERA PRE-AMP raises the
picture signal to a level that will
insure a satisfactory signal strength
at the control amplifier end of the
camera cable. Because the image
orthicon output is in the order of
several millivolts, a very high gain
amplifiers is not required, and any
noise in the amplifier output will
be due mainly to random noise in
the camera tube electron beam and
not to the pre-amp input.

Blanking Generator

Unless prevented, electron beam
scanning of the image orthicon
electric charge pattern during the
beam retrace intervals will neu-
tralize the charges in its path and
produce dark lines in the picture
information during the next for-
ward sweep. This condition is pre-
vented by applying to the camera
tube negative pulses that are pro-
duced by the BLANKING GENERA-
TOR. Thus, the blanking pulses
become a part of the picture signal
and are transmitted to the receiver
where they are employed to cut
off or blank out the picture tube
electron beam during its retrace
interval and thus prevent lines of
bright light across the picture.
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Sweep Generator

The systematic scanning of the
charge pattern by the electron
beam is accomplished by passing
alternating currents of the proper
wave shape and frequency through
the deflection coils. The required
currents are produced in the
SWEEP GENERATOR which is located
also in the camera housing. To
maintain the proper frequency re-
lations, the sweep generator fre-
quencies are controlled by sync
pulses from the synchronizing sig-
nal generator. Two additional out-
puts from the sweep generator cir-
cuits supply voltages to the blank-
ing generator and the shading con-
trol circuit.

Shading Control

The Image Orthicon produces
some undesired signals due to its
method of operation and, if not
compensated for, these signals add
to those of the picture and produce
false “‘shading’’ in the reproduced
picture. To overcome this diffi-
culty, an a-c voltage at horizontal
frequency is fed from the sweep
generator circuit to the pre-amp.
By means of the SHADING CONTROL,
the amplitude and polarity of the
voltage may be varied until the
undesired shading is removed.

CONTROL AMPLIFIER
AND MONITORS

The CONTROL AMPLIFIER block,
Figure 3, represents a group of
circuits which accept the picture

and blanking signal output from
the camera pre-amp and the hori-
zontal and vertical sync pulses
from the synchronizing signal gen-
erator and mixes them to form
what is called the composite vid-
eo signal. The exact wave shape
and arrangement of this signal will
be described in a later lesson. After
leaving the control amplifier it is
amplified by the main video ampli-
fier and then sent to the modulator
circuit of the video transmitter.
Thus, the composite video signal con-
sists of three distinct voltages, namely:
(I) the picture signal, (2) the hori-
zontal and vertical synchronizing
pulses, and (3) the horizontal and
vertical blanking pulses.

The MONITOR is a cathode ray
tube, with its associated circuits,
that is generally located in the
studio control room so that the
program director and producer can
see the picture being picked up by
the camera. In a television station
employing several cameras, there
usually is a monitor for each cam-
era, while another is used to mon-
itor the picture being sent to the
main video amplifier.

THE PICTURE
TRANSMITTER

In carrier transmission, it is
good practice to employ a carrier
frequency which is at least ten
times the value of the highest mod-
ulation frequency and with a value
of 4 mc for the maximum modula-
tion frequency, the carrier should
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itter. The tr

A mobile television tr

quip t and monitars are shown mounted

in a vehicle.

be at least 40 mc. Actually, the
lowest frequency assigned by the
F.C.C. for television fransmission
is 54 mc. These frequency require-
ments necessitate special design
of transmission equipment but,
other than this, the methods em-
ployed in video transmission are
about the same as those employed
in AM radio broadcasting. The r-f
generator produces the high fre-
quency wave which is coupled to
the modulated r-f amplifier where

Courtesy Radio Corparation of America

it is modulated by the composite
video signal from the modulator
stage.

To conserve space in the tele-
vision frequency spectrum and
thus allow more stations, the ma-
jor portion of the lower sideband
is removed by a vestigal sideband
filter before the signal is radiated
by the antenna. As explained in an
earlier lesson on amplitude modu-
lation, this is preferred to single
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sideband transmission since it re-
duces the phase distortion. Other-
wise, a badly smeared picture re-
sults.

A modern television receiver like the one above is
basicaliy a radio receiver with cathode ray tube
and pulse circuits odded.

Courtesy The Hallicrafters Co.

THE SOUND TRANSMITTER

The sound transmission system
is like that used in commercial
FM radio broadcasting stations.
Often the microphone is mounted
on a boom and held out of camera
view over the heads of the persons
being televised in the studio. The
pre-amplifier is located as close to
the microphone as is practicable

for the same reason as that of the
camera pre-amplifier, to obtain a
high signal-to-noise ratio. The sig-
nal is carried by transmission line
from the pre-amplifier to the main
audio amplifier where its level is
amplified to a value which enables
it to frequency modulate the r-f
carrier of the transmitter.

In Figure 3, all of the sections of
the sound transmitter have been
grouped into the one “FM Trans-
mitter”’ block, the output of which
is carried by a transmission line to
the antenna to be radiated into
space.

THE TELEVISION RECEIVER

A simplified block diagram of a
television receiver is shown in Fig-
ure 4, and as a number of the
blocks represent several tube
stages, it can be seen that the tele-
vision receiver is a more involved
arrangement of electric equipment
than the ordinary broadcast radio
receiver. Both the sound and pic-
ture carriers are accepted by the
input circuits, and then separated
and sent to their respective i-f
channels.

The sound channel cutput trans-
ducer is a speaker while the picture
channel terminates with a picture
tube. At the output of the video
frequency (v-f) amplifier, the syn-
chronizing signals are separated
and used to control the frequency
of the deflection voltage genera-
tors. Though not included in the
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diagram, two power supplies are
employed in the television receiver.
One supplies high voltage for the
anodes of the picture tube electron
gun and the other low voltage for
the plates and screens of the other
tubes.

R-F SECTION

Both the sound and picture car-
riers are accepted by a single an-
tenna and brought by transmis-
sion line to the receiver input. This
block, the “R-F TUNER’’, represents
the antenna coupling circuits, the
station selector controls, and any
r-f amplifier stages that the re-
ceiver may employ.

For any one television program
all of the r-f tuner circuits must
have a bandpass broad enough to
include both the picture and sound
carriers plus their respective side-
band frequencies. The bandwidth
for the regular commercial black-
and-white television channels is 6
mc, a channel about six times as
wide as the entire radio AM broad-
cast band, therefore, the television
receiver input circuits must pro-
vide for extremely broad tuning.

The station selector controls
usually consist of a switch or some
similar arrangement to enable the
receiver to be tuned from channel
to channel. The r-f amplifier stage
increases the receiver sensitivity
which, among other things, im-
proves the very important signal-
to-noise ratio.

Having the same function here
as it does in the standard broad-
cast types of superheterodyne re-
ceivers, the h-f oscillator gener-
ates a radio frequency signal which
is heterodyned with the received
carriers to produce audio and video
modulated intermediate frequen-
cies. Also, as in the broadcast radio
receivers, whenever a new station
is selected, the oscillator circuits
are varied by the same control
which changes the input circuits.
Another control varies the oscil-
lator frequency over a limited
range in each of its channel set-
tings to compensate for any
changes due to oscillator drift.
When this control is on the front
panel, it often is called the “fine
tuning.”’

The outputs of the R-F TUNER
and H-F OSCILLATOR are coupled
into the input of the ‘‘mixer”
stage where, heterodyning with
each other, they cause a number
of frequencies to be produced. Two
of these resultant frequencies,
with their sidebands, are employed
as intermediate frequencies. These
are (1) the picture or video i-f,
equal to the difference between the
video carrier and h-f oscillator fre-
quencies, and (2) the sound i-f,
equal to the difference between the
sound carrier and the h-f oscillator
frequencies. Usually, the sound i-{
is separated from the picture or
video i-f at the mixer output ir
dual-channel receivers.
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To receive the television ftr an ant
like this, or similar type, is needed with every
receiver.

Courtesy The Ward Praducts Corp.

PICTURE CHANNEL

The tuned circuits of the tele-
vision receiver picture or VIDEO
I-F STAGES are designed to pass a
frequency band 214 to 4 mega-
cycles in width. The actual band-
width employed depends upon the
type of receiver. That is, in gen-
eral, the larger, more costly mod-
els contain the more broadly tuned
coupling circuits, permitting bet-
ter picture quality to be obtained.
Because of the wide band of fre-
quencies which must receive uni-
form amplification in the picture
i-f section, the gain per stage is
relatively low, on the order of from
ten to twenty times.

As amplitude modulation is used
for the picture signals, the second
detector of the television receiver
picture channel is of the usual

diode type employed in AM re-
ceivers. However, as in television
receivers, the values of the circuit
components, the placement of
these components and the wiring
are different and of much greater
importance than in the detector
stage of a broadcast receiver.

The VIDEO FREQUENCY AMPLI-
FIER corresponds to a radio re-
ceiver a-f amplifier, its purpose
being to increase the amplitude of
the second detector output to the
level needed to control the inten-
sity of the cathode ray of the pic-
ture tube. In addition, the v-f
amplifier must also pass the wide
range of modulation frequencies
that are employed.

PICTURE TUBE CONTROL
CIRCUITS

In order to cause the electron
beam in the receiver picture tube
to sweep over the screen in the
manner described in the section
on ‘‘image reproduction,” deflec-
tion voltages or currents of the
proper shape and frequency are
produced by the horizontal and
vertical deflection circuits.

The complete video signal from
the amplifier output is coupled
also to the sync pulse separator
circuits, the function of which is
to separate the synchronizing
pulses from the picture and blank-
ing pulse portion of the wave and
then separate the vertical from
the horizontal sync pulses. The re-
spective sync pulses are then em-
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ployed to control the frequencies
of the vertical and horizontal de-
flection voltage generators.

Thus, the picture tube electron
beam moves from side to side on
the screen many times, tracing
out hundreds of horizontal lines,
for each trip from the top to the
bottom of the screen, always in
step with the electron beam in the
transmitter camera tube. In pres-
ent day systems, the deflection
frequencies are chosen so that for
each complete picture, a total of
525 horizontal lines are employed.

SOUND CHANNEL

The receiver sound channel con-
sists of the blocks labeled soUND
I-F AMPLIFIER, DETECTOR, A-F AM-
PLIFIER, and SPEAKER. The circuits
of the sound channel correspond
essentially to those of the com-
mon FM broadcast receiver. The
i-f amplifier and detector coupling
circuits are designed to pass the
relatively wide band of the fre-
quency modulated sound i-f sig-
nals. The a-f amplifier increases
the amplitude of the detector out-
put to the value required to oper-
ate the speaker.

The block diagram of Figure 4
is extremely important and should
be studied thoroughly because, al-
though individual television re-
ceiver circuits vary in detail, once
the functions of the blocks in this
diagram are understood, it will
not be difficult to follow the cir-

cuits of any standard television
receiver.

INTERCARRIER TYPE
RECEIVER

An important variation of the
basic arrangement of Figure 4 is
that of the intercarrier type re-
ceiver, the connections of which
are shown by the block diagram

A modern television receiver employing « lorge
screen in the floor model type designed for home
entertainment.

Courtesy Sentinel Radio Corp.

of Figure 5. In this type of re-
ceiver circuit, the entire video
channel from the mixer output to
the v-f amplifier has a bandpass



Page 20

Modern Television

of approximately 4.5 mc. As usual,
two i-f signals are produced in
the mixer stage, both of which are
amplified by several stages in the
sound and picture i-f amplifier. In
the VIDEO DETECTOR, the two i-f
carriers heterodyne to produce a
beat note of 4.5 mec which carries
both the sound and video modu-
lation. This beat note is blocked
from the picture tube, but is am-
plified by an additional i-f stage
tuned to a center frequency of 4.5
mc and usually operated as a lim-
iter. In the audio channel, an FM
detector, generally of the ratio
type, detects the a-f signals which
then are amplified and applied to
the loudspeaker.

One important advantage of the
intercarrier system is that the
proper reception of sound signals
is practically independent of the
stability of the receiver local os-
cillator. Generated at the trans-
mitter, the picture and sound r-f
carriers are always 4.5 mc apart,
and therefore, the difference be-
tween the corresponding i-f’s pro-
duced in the receiver mixer stage
is always 4.5 me, regardless of

local oscillator variations. There-
fore, the center frequency applied
to the sound detector always is
4.5 me, whereas, in a receiver of
the type shown in Figure 4, ex-
cessive drift of the local oscillator
frequency may cause the sound i-f
to drift so far from the detector
balance point that the reproduced
sound may become distorted or
even lost entirely.

A review of the explanation in
this lesson will emphasize the fact
that cathode ray tubes, and the
pulse circuits which are needed
to control them, are the very heart
of modern television. At the trans-
mitter, an optical image is con-
verted into electric pulses by a
camera tube and its associated
pulse circuits. In the receiver, the
image is reproduced by means of
a large cathode ray tube and more
pulse circuits.

Consequently before going fur-
ther with television in general, the
following few lessons will give de-
tailed explanations of cathode ray
tubes, pulse circuits, and the
power supplies used with them.

C=
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IMPORTANT DEFINITIONS

COMPOSITE VIDEO SIGNAL-—The combined signal made up of
picture intelligence, horizontal and vertical sync. pulses, and
blanking pulses.

DUAL-CHANNEL RECEIVER—A receiver in which separate sound
and video i-f amplifiers are employed.

INTERCARRIER RECEIVER—A receiver in which the sound signal
receives some of its amplification in the v-f section of the unit.

PERSISTENCE OF VISION—The ability of the eye to retain an
image of an object after it has been removed.

SCANNING—([SKAN ning]—The process of examining the picture
elements in a definite sequence.

SEQUENTIAL—[si KWEN sh’l]—The process of transmitting the

elements of a picture in rapid succession rather than simultane-
ously.

SYNCHRONISM—[SING kruh niz’m]—The process of maintaining
the respective picture elements at the receiver picture tube in
step with those at the transmitter camera.
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Television chassis come off this assembly line at the rate of one-a-minute.

Courtesy Crosley Division, Avco Mfg. Corp.
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CATHODE RAY TUBES

The principles described in this
lesson are important not only due
to the wide use of cathode ray
tubes in every portion of the elec-
tronic industry, but also because
the same basic principles of par-
ticle acceleration, deflection, and
focus are found in many other
applications.

To name but a few, these tech-
niques are used in memory tubes
for electron calculators, high speed
switches for multiplex communi-
cations, the optical system of elec-
tron microscopes, the mass spec-
trographs found in modern re-
search laboratories, and the accel-
erators such as the cyclotron,
betatron, and bevatron used in
nuclear research.

The modern cathode ray tube
(CRT) is one of the important in-
struments employed in electron-
ics. In radio and television it is
used extensively to check the op-
erating characteristics of low and
high frequency receiver and trans-
mitter circuits in addition to its
use as the “picture” tube in tele-
vision. By means of other con-
version units which change me-
chanical vibration, sound, heat,
and light into electric variations,
a vast number of industrial opera-
tions can be checked by the cath-
ode ray tube.

In its basic operation the cath-
ode ray tube may be regarded as

a vacuum tube voltmeter, in which
a beam of electrons produces a
spot of light at the point it strikes
a fluorescent screen. The position
of the beam, and therefore, the
spot of light produced by it when
it strikes the fluorescent screen,
is controlled by the voltage under
observation. The spot of light pro-
vides an indication and measure-
ment of voltageinstead of a pointer
moving across a calibrated scale,
as in the case of the conventional
type voltmeter.

Under certain conditions the
light spot can be moved in two
directions at right angles to each
other and, if these movements are
at the proper relative speeds, the
actual wave shape of the observed
voltage variations may be traced
on the screen of the cathode ray
tube. When used in this manner
the tube is called an oscilloscope.
The electrons in the electron beam,
or cathode ray as it is sometimes
called, have negligible mass and
inertia. Therefore, the beam re-
sponse is almost instantaneous
and it is possible to observe ex-
tremely rapid variations. This fea-
ture makes the oscilloscope of ex-
ceptional value in the analysis of
electron circuit operations.

As a voltage operated instru-
ment, the cathode ray tube ab-
sorbs negligible power from the
circuit under test, and therefore
does not disturb appreciably the



Cathode Ray Tubes

Page 5

normal operating conditions. Also,
by means of amplifiers, the sensi-
tivity of the oscilloscope may be
increased to provide satisfactory
observation of extremely small
voltage fluctuations.

By the use of suitable circuits,
the electron beam of the cathode
ray tube may be used to trace a
wide variety of patterns on the
screen. Some of these patterns are
used to check the modulation of
transmitters, to identify unknown
frequencies, to determine the
phase relationships between volt-
ages and currents, and to indi-
cate a balanced or null condition
in various bridge circuit applica-
tions, to name but a few.

When the cathode ray tube is
used as a picture tube for tele-
vision purposes, the electron beam
is moved from side to side and
from top to bottom to scan the
screen and trace out hundreds of
horizontal lines. In addition, the
intensity of the beam is varied to
produce varying degrees of light
and together with synchronized
scanning it reproduces the picture
viewed by the camera at the trans-
mitter.

CONSTRUCTION OF
CATHODE RAY TUBES

The cathode ray tube consists
essentially of five major parts: (1)
the glass envelope, (2) the tube
base, (3) the electron gun assem-
bly, (4) the deflection system, and
(5) the fluorescent screen.

The glass envelope, often called
the bulb, serves as a housing and
support for the electron gun, de-
flection plate assembly, and flu-
orescent screen. It also maintains
the necessary vacuum. The tube
base, which is similar to that of
the conventional glass type of re-
ceiving tubes, provides the means
for connecting the external cir-
cuits to the various electrodes
within the envelope.

A modern television tube with a 17 inch rectangu-
lar screen. Note that this tube has a metal cone to
reduce the weight.

Courtesy RCA

The ELECTRON GUN furnishes the
electrons, directs them toward the
screen, focuses them into a nar-
row beam, and then accelerates
them so they strike the screen
with sufficient speed to cause flu-
orescence of the screen material.

The deflection system causes
the electron beam to move up,
down, or sidewise so that a light
pattern representing the voltage
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variations may be traced on the
screen. Cathode ray tubes employ
either electrostatic or electromag-
netic deflection. In the electro-
static method, deflection is accom-
plished by means of two pairs of
plates, whereas in the electromag-
netic method two pairs of coils are
used.

The FLUORESCENT SCREEN pro-
vides the means for visual ocbserva-
tion of the electron beam move-
ment, and its relative intensity.
It is formed by coating the inner
surface at the large end of the
envelope with a chemical sub-
stance that emits light whenever
struck by an electron beam.

ELECTROSTATIC
DEFLECTION TUBES

Cathode ray tubes employed in
oscilloscopes and in the small tele-
vision receivers use electrostatic
deflection focusing and are con-
structed along the lines illustrated
in Figure 1. As indicated, leads
from all the various electrodes are
brought out through the base.

Electron Gun

Referring to the sectional view
of Figure 1, the electron gun
consists of an indirectly heated
cathode, a control grid, a second
grid called the preaccelerating elec-
trode, a first anode, and a second
anode. The control grid and the
preaccelerating electrode often are
termed Grid No. 1 and Grid No. 2,
respectively.

As with other types of electron
tubes, the cathode ray tube con-
trol grid is biased negatively with
respect to the cathode; however,
the only opening in the grid disc
exists at its center. Attracted by
the highly positive preaccelerating
electrode, the electrons emitted
from the cathode are drawn
through the hole in the grid and
move toward the screen end of
the tube. As the electrons move
through the preaccelerating elec-
trode, many of them are stopped
by the flat, circular plates or discs
positioned in this electrode and
only those electrons which are very
close to the axis of the tube pass
on through the holes in the elec-
trode discs.

Accelerated to a high velocity,
the electrons pass through the
first anode, through the opening
in the disc of the second anode;
and, after passing between the
vertical and horizontal deflection
plates, continue on to strike the
screen of the tube. Thus, because
of the small apertures in the discs
of the various electrodes, only a
very thin stream of electrons
reaches the screen where they pro-
duce a small dot of light.

Focus

Although the apertures in the
gun electrodes provide a beam of
small diameter, a focus system is
necessary to further decrease the
beam diameter. The electrostatic
focusing method is illustrated in
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Figure 2A. Typical operating po-
tentials for the gun electrodes for
a certain type tube are 2,000 volts
on the first anode and 6,000 volts
on the second anode, with the pre-
accelerating electrode internally
connected to and operated at the
same potential as the second
anode. As in normal tube opera-
tion, the control grid is operated
negatively with respect to the
cathode. In order to simplify ex-
planations, no external connec-
tions to the various electrodes are
shown.

the sectional drawing of Figure
2A. Each of these curved lines is
called an “‘equipotential contour,”
and may be defined as an imagi-
nary line in an electrostatic field,
every point of which has the same
potential as every other point. It
is convenient to imagine the exis-
tence of these lines when studying
the principles of cathode ray fo-
cusing.

Starting at the left of Figure
2A, paths of electrons emitted
from the cathode cross the equipo-

llqﬁm'
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The straight gun (shown at top) is used in electrostatic deflected tubes or tubes with aluminized
screens. The bent gun is used in electromagnetic tubes and a beam bender is required.

Because of the great differences
between the respective voltages of
the various adjacent electrodes,
strong electrostatic fields exist in
the regions between them. The
general shapes of these fields are
indicated by the curved lines in

Courtesy General Electric Co.

tential contour lines approxi-
mately at right angles. As all
points along a given contour line
are at the same potential, there is
no potential difference to move
the electrons along these lines. In
fact, the electrostatic field causes
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the electrons to move at right
angles to the equipotential con-
tours. Thus, any electrons which
are travelling along the axis of the
tube continue to do so, while those
which are slightly divergent are
turned back toward the axis so
that the electrons reach the screen
at the FocAL POINT. As shown by
the short dashed lines, some of
the emitted electrons follow paths
which are not along the axis of
the tube. While the effect of the
electrostatic fields causes most of
the divergent electrons to con-
verge on the axis, a few are too
divergent, and therefore, are re-
moved from the beam and col-
lected by either Grid No. 2 or the
second anode.

Electrostatic focusing can be
compared to the focusing of a beam
of light by a glass lens. As indi-
cated in Figure 2A, the electro-
static field existing in the region
between Grid No. 1 and Grid No. 2
is called the 1ST ELECTRON LENS,
while the region centered about
the first anode is called the 2ND
ELECTRON LENS. The first electron
lens converges the electrons to a
small point called the CROSS-OVER,
and the electron image of the
cross-over is focused at the focal
point on the screen by the second
electron lens.

The position of the focal point
may be shifted along the tube axis
by adjusting the voltage applied
to the 1st anode, which, in turn,
changes the shape of the second

electron lens. Therefore, with re-
spect to the cathode, the correct
potential on the first anode is that
which locates the focal point of the
electron stream exactly at the
screen.

Deflection

The drawing of Figure 2B repre-
sents a front view of the horizon-
tal deflection plates. Assume the
electron beam is directed at right
angles to the surface of the page,
and the beam passes between the
plates. At a given instant, when
the left plate is positive with re-
spect to the right plate, an elec-
tron between the plates deviates
in the direction shown by the short
arrows. This action is a result of
a fundamental principle that like
charges repel and unlike charges
attract.

As indicated in Figure 2B, the
applied potential is an alternating
voltage and momentarily causes
the plate on the left to become

alternately positive and then neg-
ative with respect to the one on

the right. When the polarity of
the plates is opposite to that indi-
cated in the Figure, the electron
beam is deflected to the right.
Because the applied voltage is al-
ternating, the spot continually
moves from side to side on the
screen of the tube.

Likewise, with a similar voltage
applied to the vertical deflection
plates of a cathode ray tube, the
beam is moved up and down. Thus,
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the combined effect of the two
pairs of deflection plates, like those
shown in Figure 1, can cause the
spot to scan the entire screen
area.

ELECTROMAGNETIC
DEFLECTION TUBES

Figure 3 illustrates the struc-
ture of the cathode ray tube which
employs electromagnetic de-
flection. This arrangement pro-
vides an electron gun, ion trap
magnets, a focus coil, and a deflec-
tion yoke. As indicated, both the
inside and outside walls near the
large end of the glass envelope are
coated with a conductive material
known commercially as aquadag.

The internal conductive coating
is connected electrically to the
anode by means of metal support-
ing springs. A high voltage is ap-
plied to this coating and the anode
by means of the anode terminal,
pictured in the upper center of the
envelope. Generally the external
conductive coating is grounded to
the receiver chassis and with the
glass of the tube wall serving as
the dielectric, the two conductive
coatings form a capacitor which
often is employed as the output
filter for the anode voltage supply.

Electron Gun

As shown in Figure 3, the elec-
tron gun consists of the indirectly
heated cathode, the control grid
(Grid No. 1), accelerating grid
(Grid No. 2), and the anode. The

heated cathode provides electrons
and the control grid regulates the
number which reach the screen.
The accelerating grid increases the
velocity of the beam electrons and
prevents interaction of the elec-
trostatic fields of the control grid
and the anode. Together with the
internal conductive coating, the
anode serves to further increase
the velocity of the electrons of the
beam. The internal coating serves
as an extension of the anode so
that the electrons of the beam
travel to the screen through a
uniform field.

Unless preventive arrangements
are made in electromagnetic de-
flection type tubes, a defect known
as an ION SPOT appears as a perma-
nent dark area in the center of
the screen. This spot results from
bombardment of the screen by
negative ions, which are emitted
by the cathode along with the use-
ful electrons. Attracted by the
anode potential, the ions form a
beam and are focused in the same
manner as the electrons. Since the
ions are very heavy compared to
the electrons, they strike with
sufficient force to damage the
screen and shorten the life of the
tube.

To prevent the formation of an
ion spot, ion trap type electron
guns have been devised. One such
arrangement is illustrated in Fig-
ure 3. Here, ion trap magnets are
employed in conjunction with the
electric field focusing effect of the
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oblique angle gap between the ac-
celerating grid and the anode. The
trapping action is made possible
because the electrons are quite
easily deflected by either a mag-
netic or electric field, while the
relatively heavy ions are affected
considerably less by a magnetic
field than by an electric field.

:.Zn nm(/(
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line, while the ions, shown in
dashed lines, continue in a straight
path until deflected upward by
the electric field existing in the
diagonal gap between the acceler-
ating grid and anode. This same
electric field also deflects the elec-
trons upward, but the field of the
second magnet bends them back

SR

Examples of single ond double frame beom benders. Sometimes these are erronecusly colled
"jon trops.”

The shape of each of the ion
trap magnets is somewhat like a
horseshoe magnet. Arranged as
shown, one pole of each ion magnet
is observed, whereas each corre-
sponding pole is positioned on the
opposite side of the tube neck.
Assuming that each observed ion
trap magnet is a North pole, the
magnetic lines of force extend from
the pole piece, through the tube
neck, and gun, to the correspond-
ing South pole piece on the far
side.

Thus, when passing through the
field of the first magnet, the elec-
tron beam is bent downward
slightly, as shown by the solid

Courtesy Perfection Electric Co.

so their path is parallel to the
axis of the tube. However, the
magnet has little effect on the ions,
and they continue on their de-
flected path until finally trapped
by the anode.

In the BENT-GUN type of ion
trap illustrated in Figure 4, a sin-
gle magnet is employed along with
an electron gun in which the axis
of the cathode and grids is in-
clined toward the wall of the tube.
The gun end of the anode is ‘‘bent”
with its axis in line with the gun
elements, as shown. The principle
of operation is the same as the
method of Figure 3, but with the
gun arrangement of Figure 4, the
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initial path of both electrons and
ions is at an angle to the tube axis.

Passing through the field of the
ion trap magnet, the electron beam
is bent so as to coincide with the
tube axis but theions, very slightly
affected by this field, continue as
a beam along the path of the
dashed lines until trapped by the
anode. Although it is popular to
use permanent magnets as illus-
trated in Figures 3 and 4, the
same action can be obtained by
an electromagnet which consists of
a colil or coils carrying direct cur-
rent.

Focus

Electromagnetic focusing of an
electron beam is illustrated in the
simplified diagram of Figure 5. As
indicated by the solid line, elec-
trons traveling along the axis of
the tube are not affected by the
flux lines of the focus coil, but any
divergent electrons, as shown by
the dashed line, cut across the
magnetic flux lines. The resultant
reaction between the magnetic
fields of the electrons and focus
coil field cause the divergent elec-
trons to be turned back towards
the axis and arrive at the focal
point on the screen.

This action is shown in greater
detail by the drawing of Figure 6
which represents a cross section
of the neck of the tube inside the
focus coil. The large dot in the
center represents the beam of elec-
trons which is assumed to be mov-

ing straight up out of the paper,
while the small dots represent the
flux lines of the focus coil.

Electrons moving along a path
parallel to the axis of the tube are
not affected by the magnetic field
because they do not cut the flux
lines. Without the focus coil any
divergent electrons would finally
strike the side of the tube as indi-
cated by path No. (1). However,
the flux lines of the focus coil com-
bine with the magnetic field about
the moving electron so that the
total or resultant field is strength-
ened on one side of the electron
stream and weakened on the other.

In accordance with the left-hand
rule for electron flow, the direc-
tion of the magnetic field about
the divergent electrons is indi-
cated by the small curved arrow
drawn around the line which rep-
resents path No. (1). With the
focus coil flux lines assumed to be
in a direction up out of the page,
the resultant magnetic field will
be weaker above the divergent
electrons and stronger below.
Thus, like a conductor, the elec-
trons will be pushed toward the
weaker field region, as indicated
by the small arrow “F,”” and tend
to follow path No. (2).

If the flux lines of the focus coil
are increased, the electron path
curvature is increased also, and as
shown by path No. (3), the elec-
trons curve around and return to
the axis of the tube. A further in-
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crease of the flux lines causes the
electrons to travel in a smaller
circle as shown by path No. (4).

At the same time the circular
motion takes place, all the elec-
trons move from the gun toward
the screen of the tube. Therefore,
divergent electrons follow paths
which actually are spiral in shape.
The direct current in the focusing
coil, and therefore the number of
flux lines, is adjusted so that, in
their spiral paths, the divergent
electrons cross the tube axis at
the instant they reach the screen.
When focused properly, both the
divergent and axis electrons strike
the screen at the focal point, to
form a spot of small diameter.

The focus coil can be replaced
with a permanent magnet. In this
case focus adjustment is accom-
plished by varying an air gap in
the magnetic circuit.

Some tubes designed for electro-
magnetic deflection utilize electro-
static focus. These tubes employ
an electron gun which combines
the ion trap and electromagnetic
deflection of Figure 3 with the
electrostatic focus features of Fig-
ure 1. By careful design, many of
these tubes have optimum focus
when the focusing voltage is zero
or very near zero. Since neither
focusing voltage or current is re-
quired for satisfactory operation,
they are often referred to as SELF-
FOCUS TUBES.

Deflection

Electromagnetic deflection em-
ploys a “deflection yoke” consist-
ing of two pairs of coils placed
around the neck of the cathode
ray tube in the position indicated
in Figure 3. To provide greater
detail, the drawing of Figure 7
shows how the pairs of vertical
and horizontal coils are positioned.
One pair of coils serves to deflect
the beam in a horizontal direction
while the other pair moves the
beam vertically.

The small circle in the center of
the drawing represents any one or
all of the electrons which travel
from the electron gun toward the
screen, or out of the drawing.
Thus, according to the left hand
rule, the magnetic lines of force
around the electron are in a clock-
wise direction as indicated by the
two small circular arrows.

Still referring to Figure 7, each
pair of deflection coils is connected
in series across a separate source
of alternating current. At the in-
stant the current in the vertical
coils is in a direction to cause flux
lines from left to right, as shown,
the electron and coil flux lines are
in the same direction above and
in opposite directions below the
electron. Thus, the resultant flux
above the electron is strong while
that below is weak, and the elec-
tron is deflected downward as in-
dicated.
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During the following alternation
of the a-c cycle, the flux lines of
the vertical coils reverse direc-
tion, while those of the electron do
not change. Therefore, the flux
above the electron is weakened
while that below is strengthened,
and the electron is deflected up-
ward.

A similar action, produced by
the resultant flux of the horizon-
tal deflection coils and the elec-
tron, causes deflection in the hori-
zontal direction. Therefore, two
pairs of deflection coils, arranged
as in Figure 7 with alternating
currents of proper frequencies in
them, deflect the electron beam so
that it scans the entire screen
surface.

PROJECTION TYPE TUBES

To meet the demand for larger
television images, cathode ray
tubes are available with screen
diameters up to about 24, 27 and
30 inches. For still larger images,
it is customary to employ a pro-
jection system in which the image
on the face of a special type of pic-
ture tube is enlarged optically and
projected on the viewing screen.
An example of a projection tube
is the type 5TP4, the general con-
struction of which is shown in the
cross section drawing of Figure 8.

The electron gun structure is
about like that of the tube of
Figure 1, except in the 5TP4, grid
No. 2 is not connected electrically

to anode No. 2. This projection
tube has both internal and exter-
nal conductive coatings similar to
the types represented by Figure
3, and the second anode also is
connected electrically to the inner
coating by means of a spring sup-
port.

By varying the current in the facus cail, the electran

beam is focused at the desired paint. The air gop

in the metal shield concentrates the external mog-
netic field at that paint.

Courtesy Standard Transformer Corp.

Although the external coating
is conductive around the neck of
the tube, near the flare of the en-
velope an external insulating coat-
ing, indicated by the dashed lines
in Figure 8, extends very nearly
to the widest diameter of the tube.
Then, near the edge of the flared
envelope, a conductive coating in
the form of a band connects to
anode No. 2 by a recessed cap
arrangement.



Page 14

Cathode Ray Tubes

A raund CRT mounted in brackets which also hold the deflection yoke and facus coil. An electra-
magnetic beam bender is shawn mounted near the base of the tube,

Because the internal anode No.
2 coating is at high potential, and
is in contact with the glass neck
of the tube, the glass surface may
acquire this same potential. Under
these conditions there is danger of

Caurtesy Philco Corp.

a brush discharge through the air
between the neck and the deflec-
tion yoke. If these discharges are
allowed to take place, possible
damage to the yoke insulation or
breakdown of the glass can occur.
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To prevent damage to the tube
and deflection yoke, the external
neck coating is connected to ground
by means of clamps and a suitable
length of connector. When the
coating is grounded, it acts as an
electrostatic shield. Also, the ex-
ternal band coating around the
rim of the tube envelope prevents
brush discharge when the face of
the tube is supported by a metal
holder, which in turn, is insulated
from ground. The external insu-
lating coating prevents condensa-
tion of water vapor into a conduc-
tive film over the glass surface.
Such a moisture film would pro-
duce erratic surface sparking.

In the 5TP4 projection tube,
the electron beam is focused elec-
trostatically and deflected electro-
magnetically. That is, the electric
fields between the gun electrodes
focus the beam as explained for
Figure 2A, while the combined
magnetic fields of the deflection
yoke deflect the beam as explained
for Figure 7.

In order to provide sufficient
brightness for use in projection
type receivers, the 5TP4 tube em-
ploys the metal (aluminum) backed
type screen which will be explained
later in this lesson. A relatively
high second anode voltage is re-
quired to accelerate the electrons
of the beam to a very high velocity
so that they strike the screen with
sufficient force to produce a high
intensity light. A bright picture
source is necessary because, in op-

tical projection, the light from the
small face of the tube must be
distributed over the relatively
large area of the receiver picture
screen.

SCHEMATIC SYMBOLS

In the cross-sectional views of
Figures 1, 3, 4, and 8, the connect-
ing leads of the various internal
electrodes extend through the base
of the tubes. Although none are
shown in these Figures, cathode
ray tube bases are similar to those
of the common types of receiving
tubes but usually provide greater
insulation and accommodate a
larger number of pins. Corre-
sponding to those used for common
radio tubes, the RTMA numbered
basing diagrams of Figure 9 show
the external connections to the
internal electrodes of cathode ray
picture tubes.

To simplify the symbols, the
various grids and anodes are all
indicated as grids and placed above
the cathode in the order the beam
passes through or to them. In
many types, the second anode
terminal is located in the glass
envelope as illustrated in Figures
3 and 8 and shown as a ‘“‘top cap”
in symbols 12C and 12D of Figure
9.

For example, the cross section
of Figure 1 shows ten wires ex-
tending through the base. With
base 14G of Figure 9 on this tube,
the heater connects to pins 1 and
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14, the cathode to pin 2, grid No. 1
to pin 3, grid No. 2 consisting of
the preaccelerating electrode and
second anode to pin 9, and the first
anode to pin 5. The vertical deflec-
tion plates, closest to the second
anode, connect to pins 7 and 8
while the horizontal plates connect
to pins 10 and 11.

Used in some projection appli-
cations, the type 3NP4 cathode
ray tube requires a special five pin
base with the connections indi-
cated by symbol 3NP4 of Figure 9.

Known as a ‘“‘duodecal”’ base,
12C and 12D of Figure 9 have
twelve pins equally spaced on a
1)" diameter circle. As shown,
several pins may be omitted while
others may be present but un-
connected. Standardized for most
10" and larger cathode ray tubes,
12D often is referred to as a 7
pin duodecal base.

IHustrated in Figure 9 by 14G,
another cathode ray tube base
contains fourteen pins equally
spaced on a 134" diameter circle
and is known as a “Diheptal”
base. Again, some pins may be
omitted while others have no con-
nection made to them.

THE LUMINESCENT
SCREEN

The conversion of the electric
signals into changes of light inten-
sity which form the reproduced
image is accomplished by the
cathode ray tube screen made of

tiny crystals of specially synthe-
sized luminescent materials which
have the property of converting
electron energy into light.

The term luminescence is de-
fined as the act of absorbing
energy and then emitting light
without the luminescent material
becoming hot enough for incan-
descence. Luminescence is sub-
classified according to the type of
exciting energy such as: photo-
luminescence and chemilumines-
cence. Thus, in the cathode ray
tube, where the energy of bom-
barding electrons is applied, the
action is known as cathodolumi-
nescence.

Luminescence during excitation
and within akout one ten-millionth
of a second after excitation ceases
is called fluorescence, while the
continuous emission of light for
longer intervals than fluorescence
is called phosphorescence. Ex-
cept with substances in the gase-
ous stage, both fluorescence and
phosphorescence always occur to-
gether, and therefore, the com-
plete action is best described by
the more general term lumines-
cence.

Although the first of the lumi-
nescent materials, called ‘“phos-
phors,” was discovered by acci-
dent in 1603, the first phosphor
suitable for use in cathode ray
tubes was not discovered until
1830. This material emitted light
which had a greenish color and
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was suitable for oscilloscope use
but unsatisfactory to the tele-
vision viewer. Now many syn-
thetic phosphors are produced in
the laboratory, and practically all
present television cathode ray tube
screens consist of mixtures of two
or more of these materials chosen
so that the combined emission
characteristics provide whitelight.

Theory of Phosphor
Luminescence

Although no one theory has yet
been formulated to explain all of
the properties ascribed to phos-
phors, the following general expla-
nation covers many of the phe-
nomena which have been observed.

All atoms are considered to con-
sist of a nucleus surrounded by a
system of electrons that rotate in
“shells” of definite “energy levels,”’
which are designated as K, L, M,
N, etc. To be absorbed by an atom,
impinging energy in the form of
light or moving electrons must
cause these shell electrons to leave
their normal paths and move into
shells of higher energy. This added
energy causes the atom to change
from its normal to an “excited”
state. Since this is an unstable
condition, the atom returns to its
normal state and the surplus en-
ergy is emitted in the form of light.

Thematerial used for the screens
of cathode ray tubes has a crystal-
line structure. That is, the atoms
or ions are located at definite

points in a symmetrical geometric
lattice arrangement somewhat as
ilustrated in Figure 10. This dia-
gram represents the crystal struc-
ture of alpha-zinc sulfide known as
wurtzite, the white circles indi-
cating the atoms of sulphur, the
black dots the zinc atoms and the
connecting lines the paths of mu-
tual attraction between the re-
spective atoms of the two ele-
ments.

In speciol opplication os many as four electron guns
moy be mounted in o single tube.

Courtesy Electranic Tube Corp.

The distance between atoms or
ions is about one ten-millionth of
a centimeter, but in an impure
crystal there may be atoms of a
foreign substance in between the
normal lattice points, or at normal
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lattice points that are empty. Be-
sides atoms of foreign substances,
defects of the crystals themselves
may exist in the form of local con-
centrations or absences of the
atoms of the base material. It is
thought that luminescence is due
to any or all of these variations.

With the close crystal arrange-
ment, electrons may move not
only from one energy level to an-
other, but from one atom or ion
to another. Thus, in phosphors,
the normal electron processes of
absorption and emission of energy
may become very complex and dif-
ficult to interpret. With the ab-
sorption of energy, electron shifts
occur throughout the crystal, but
it is believed that luminescence is
due only to the electron shifts in
the defect points.

The impurity material, usually
added to these phosphors during
manufacture, is called the AcTI-
VATOR and the points in the crystal
lattice where its atoms or ions
occur are known as fluorescent or
active centers. When the crystal
is excited, the displaced electrons
of the activator atoms travel
through the crystal for a consider-
able distance from their origin and
eventually return to their own, or
more probably to other active cen-
ters at which points their energy
is transformed into luminescent
emission.

As these active centers are dis-
tributed throughout the lattice

structure or crystal atoms in a
concentration of about one to a
thousand, it is difficult for the lib-
erated electrons to find their way
back to the activator ion. Further-
more, electrons may be delayed or
“trapped” near activator centers
and in crystal faults. A certain
amount of thermal agitation is re-
quired to reliberate the trapped
electrons and permit them to wan-
der to another trapping location
or to a fluorescent center where
they can cause light emission.

Because of this delay action,
Iuminescence is produced for a
short while after as well as during
the time of crystal excitation. As
stated, luminescence which occurs
more than one ten-millionth of a
second after excitation ceases is
called phosphorescence. The phos-
phorescence of larger crystals last
longer than that of smaller crys-
tals because free electrons have
an opportunity to wander farther
in the more extended lattices.

Screen Phosphors

The only types of phosphors
used for cathode ray tube screens
are the sulfides, silicates, and tung-
states. A very small quantity of
activator or impurity material is
added to the extremely purified
base ingredients and then the mix-
ture is crystallized.

For purposes of identification,
cathode ray tube screen phosphors
have been given the RTMA desig-
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nations of P1, P2, P3, P4, P5, P6,
P7, P10, P11, and P14. Having a
fluorescent color of green, phos-
phor P1 consists of zinc silicate
with manganese as an activator
and has a medium phosphorescence
of from .03 to .05 second. This
phosphor is employed in oscillo-
scope and radar cathode ray tube
screens. Phosphor P2 consists of
copper activated zinc sulfide, has
a blue-green fluorescent color, a
relatively long phosphorescent
time and is used where it is neces-
sary that the oscilloscope screen
hold transient phenomena for com-
parison with previous effects. The
P3 phosphor is made of zinc beryl-
lium silicate and activated with
manganese, has a yellow fluores-
cent color, a medium phosphores-
cence and is used primarily in
cathode ray tubes designed for
oscilloscope applications.

At present, the P4 screen is used
in all American television picture
tubes and consists of the ingredi-
ents of the P3 phosphor plus zinc
sulfide activated with silver. The
P4 phosphor has a white fluores-
cent color and a phosphorescence
of about .005 second. P5 phosphor
consists of calcium tungstate, and
P11 phosphor of zinc sulfide with
silver as an activator. Both phos-
phors have blue fluorescent color,
very short persistence of 5 and 10
microseconds respectively, and are
used in photographic recording of
high speed phenomena.

The P6 phosphor consists of zine
sulfide and zinc cadmium sulfide
with silver as an activator, has a
white fluorescent color and a per-
sistence of .0005 second. This
phosphor is most popular for tele-
vision use in Europe, and for
closed circuit color television in
the United States. As used for the
screen material in radar equip-
ment, the P7 screen consists of a
mixture of silver activated zinc
sulfide, which has a medium phos-
phorescence, and copper activated
zinc cadmium sulfide with a long
phosphorescence. Also used for
radar the P10 and P14 phosphors
have purple and orange colors re-
spectively.

The deflection yoke contains bath vertical and hori-
zontal deflection coils shaped to fit around the
neck of the CRT.

Courtesy Standard Transformer Corp.

Although it is beyond the scope
of these explanations to offer com-
plete details, there are a number
of methods of applying the phos-
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phor material to the cathode ray
tube glass envelope. These are
known as: (1) spraying, (2) dust-
ing, (3) settling, (4) flowing on,
and (5) electrostatic deposition.
Each method offers advantages
and disadvantages which depend
upon the size of the envelope and
screen, the type of screen, desired
thickness of the screen, number
of envelopes to be screened at a
time, etc.

IMAGE CONTRAST

In the reproduction of a dis-
cernible image on the screen of a
cathode ray tube contrast is one
of the most important factors.
Contrast may be defined as the
difference in brightness between
any two points or areas on the
screen, while the ratio of two
brightness values is called the coN-
TRAST RATIO. Considering these re-
lations of brightness, contrast ra-
tio may be divided into two cate-
gories: (1) the RANGE CONTRAST,
which is a measure of the contrast
range reproducing ability of the
tube, and (2) the DETAIL CONTRAST,
which is a measure of the contrast
in the fine detail of the image. The
detail contrast ratio determines
the sharpness or clearness of the
image, and therefore, it is consid-
ered to be the more important of
the two.

Actual measurements are made,
usually in LAMBERTS, a unit of
brightness equal to the emission
of light from a uniform surface at

the rate of 1 lumen per square
centimeter. In turn, a LUMEN is a
unit of light (luminous flux), equal
to the illumination on a surface of
unit area, all points of which are
at a unit distance from a point
source of one candle. To sum-
marize these definitions, a cathode
ray tube screen has a brightness
of one lambert when each square
centimeter of its surface emits the
same amount of light as would be
obtained from a standard candle
at a distance of one centimeter.

Various factors which limit the
obtainable contrast on a picture
tube screen are: (1) halation, (2)
normal reflections, (3) curvature
of the screen, (4) envelope wall re-
flections, and (5) room illumina-
tion.

Halation is the spreading of
light as a result of what is known
as total reflection occurring at the
glass air interfaces of the envelope
wall. To illustrate the various ac-
tions, Figure 11 shows an ampli-
fied cross-section of a cathode ray
tube screen and envelope wall with
the scanning beam striking the
luminescent coating at point x,
from where light rays emanate in
all directions.

The ray x-a passes through the
glass to air interface at right an-
gles to the envelope wall surfaces
and therefore suffers no refraction
and very little reflection. Passing
through the interfaces at angles
of less than 90° to the glass sur-
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faces, rays x-b and x-b’ are re-
flected about the same amount as
ray x-a, but are bent, or refracted,
as shown. The amount of refrac-
tion increases as the angle be-
tween the surface and these inci-
dent rays decreases, until finally,
rays ¢ and ¢’ are bent back into
the glass. This condition is termed
“total reflection.” Rays ¢ and ¢’
return to the inside surface of the
envelope wall and again reach the
interface between the glass and
luminescent coating near points
yandy’.

The phosphor crystals do not
touch the glass at every point of
its surface, and the amount of
glass surface in contact with the
phosphor is called the percentage
of optical contact. If the phos-
phor happens to be in contact
with the glass at points y and y’,
the light rays ¢ and ¢’ will illumi-
nate the phosphor. Reflected in
the directions y-h and y’-h’, some
of this light will emerge from the
front of the tube screen, as shown.

Since y and y’ represent two
points on the circumference of a
circle centered at x, if a fairly high
percentage of optical contact ex-
ists, an undesired circle of light
will be produced around spot a.
If the image at point h, for exam-
ple is dark compared to that at
point a, then the lighting of point
y by the reflected ray c causes the
element at h to be brighter than
normal, and the contrast between
it and element a is decreased.

If the phosphor is not in opti-
cal contact with points y and y’,
then the interface is that of the
glass wall and the vacuum inside
of the envelope, and again the rays
will be totally reflected. Under
these conditions, light ray ¢ will
travel from y to point p instead
of in the direction y-h. At point p
total reflection again takes place,
and so on along the envelope wall
with light seen only at the points

w
The inside of a glass CRT is painted with o con-

ducting material called "aquadag’ to provide o
path from the screen to B4-.

Courtesy Sylvania Electric Corp.

that the reflected ray touches the
inter-surface of the glass with lu-
minescent coating in optical con-
tact. Since the unnatural lighting
at y and y’ occurs only if optical
contact exists at these points, a
low percentage of optical contact
minimizes halation.
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A 7 inch projection tube designed for theater tele-
vision. Note the envelope corrugation to prevent
high voltage "arcs.”

Courtesy RCA

Halation can limit the maximum
contrast to a ratio as low as 6 to

1, and therefore it is the most im-
portant limiting factor. In a given
tube, the amount of halation is
determined by:

1. The index of refraction in the
tube face.

2. The light transmission from
the luminescent coating.

3. The percent of optical con-
tact.

4. The light absorption of the
tube face.

5. The thickness of the tube
face.

The values of the first and sec-
ond factors listed are fairly well
fixed, and screen design is nor-
mally carried out in terms of opti-
cal contact, light absorption and
tube face thickness.

Conventional sprayed screens
have an optical contact of about
309, and produce lower image con-
trast than settled screens which
ordinarily have an optical contact
of about 20¢,. The optical con-
tact of dusted screens may be as
low as 159, thus permitting an
even greater degree of contrast.

Strange as it may seem at first
thought, halation can be reduced
by the use of a light absorbing
material in the tube face. The light
rays, which enable the observer
to see the image, pass through
the tube face once in a nearly per-
pendicular direction with rela-
tively little attenuation, while
those rays due to halation pass
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through the absorbing layer at
least two extra times and, there-
fore, are attenuated to a greater
extent. The light absorbing me-
dium may take the form of a thin
layer of an absorbing substance
on the surface of the tube face, or
the face may be made of a dark-
ened glass. These are referred to
as “black’ tubes.

Halation is affected by the thick-
ness of the cathode ray tube face
in two ways: (1) decreasing the
thickness causes the halation cir-
cles or bands to form closer to
the scanning spot, thus affecting
a smaller area of the image and
increasing the range-contrast ra-
tio, (2) increasing the thickness in-
creases the attenuation of the
halation light rays and results in
a higher detail-contrast ratio. In
practice, relatively thick faces are
used, producing a loss in range
contrast, but a gain in the more
important detail contrast.

In the explanations of Figure
11, it was mentioned that rays
x-a, x-b and x-b’ provide a small
amount of reflection. When this
reflected light illuminates the dark
regions of the luminescent screen,
the contrast between them and
the bright area is decreased. Called
NORMAL REFLECTIONS this effect
results in an even distribution of
undesired screen illumination, and
therefore it is distinguishable from
halation, which, as mentioned,
takes the form of a more or less

well-defined ring of light around
the scanning spot.

As with halation, a low per-
centage of optical contact serves
to minimize normal reflections,
though compared to halation,
these reflections are of rather
small importance, limiting the con-
trast ratio to only about 60 to 1.
About three times as detrimental
to image contrast are the similar
reflections caused by the safety
glass usually employed in front of
the cathode ray tube.

The effect of curvature of the
screen and bulb envelope reflec-
tions is shown in Figure 12. Here,
point x represents a bright por-
tion of the image and point y a
dark portion. The light from point
x scatters in all directions, some
coming through the tube face in
the direction x-a, and some going
directly to point y as indicated by
line 1, a path made possible by
screen curvature. Also, light from
point x travels to the envelope
wall, to points m and n, for ex-
ample, and is reflected to point y.

The light which reaches y by
these various paths travels through
the tube face in the direction y-b,
so that the portion of the picture
at y is not as dark as it should be.
The brighter the light portions of
the picture the greater this illu-
mination of the dark areas, and
thus the greater the reduction of
contrast. The contrast ratio is
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A cutoway view of o 10 inch picture tube. An aluminized screer placed on the inner face
allows electrons to pass through but stops the ions. Therefore, a straight electron gun can be
used as shown in the neck of the tube.

Courtesy Nortn American Philips Co., Inc.

limited to approximately 70 to 1 Room illumination tends to light
by the effects of curvature of the up the entire screen thereby mak-
screen, and to about 200 to 1 by ing all the portions of the image
envelope wall reflections. brighter than they should be. Since
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the brightness difference produced
in the bright parts of the picture
is small compared to that of the
dark portions, the contrast be-
tween them is decreased. The ratio
varies considerably with condi-
tions in any particular case. How-
ever, the effects of room illumina-
tion may be reduced by proper
placement of the receiver with re-
gard to windows, lighting fixtures,
and other sources of illumination.

A notable development in cath-
ode ray tube screen design is the
application of a light reflecting
metal layer on the inner or beam
side of the luminescent screen.
Consisting of a thin coating of
aluminum, this layer permits the
beam electrons to pass and strike
the luminescent coating, but re-
flects the light forward. Thisaction
approximately doubles the tube
light output and eliminates the
effects of envelope wall reflections
and curvature of the screen, re-
sulting in an improvement of range
contrast by a factor of three to
ten times. However, as the ar-

rangement does not prevent hala-
tion, the more important detail
contrast is only slightly improved.

Examples of tubes employing
the metal backed or aluminized
screen are the types 10FP4 and
12KP4, and a comparison of alu-
minized and unaluminized screens,
showing the difference in screen
brightness, is given by the curves
of Figure 13. For example, in a
given tube, when the control grid
drive is 35 volts, the brightness of
an unaluminized screen is approxi-
mately .065 candles per square
inch, whereas for aluminized screen
with the same control grid drive,
the brightness is .22 candles per
square inch. The curves of Figure
13 then illustrate the relative in-
crease in the brightness of an alu-
minized screen.

Another advantage of the alu-
minized screen is the fact that
while the aluminum coating allows
the passage of electrons, it is thick
enough to trap ions, thus eliminat-
ing the need for the ion trap in the
electron gun.

(S,
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IMPORTANT DEFINITIONS

ALUMINIZED SCREEN—|a LOO: min ighzd skreen]—A fluorescent
screen of a cathode ray tube which is backed by a thin coating of
aluminum on the electron beam side of the screen.

AQUADAG—|ah kwa DAG|—A conductive coating, usually of graph-
ite, deposited on the inside and outside of some cathode ray tubes.

CONTRAST—|KAHN trast|—The degree of difference between the
lightest and darkest areas of the image produced on the cathode
ray tube screen.

ELECTROMAGNETIC DEFLECTION—The deflection of the elec-
tron beam in a cathode ray tube caused by the interaction of the
magnetic field of the moving electrons with the magnetic fields of
two pairs of coils.

ELECTRON GUN-—The elements of a cathode ray tube assembled
in the neck of the tube consisting of an electron-emitting cathode
and control electrodes that accelerate and focus the beam so as to
produce a spot of light of the desired size and intensity on the
fluorescent screen.

ELECTROSTATIC DEFLECTION—The deflection of an electron
beam in a cathode ray tube caused by the interaction of electro-
static field of the electrons with the electrostatic fields of two
pairs of charged metallic plates.

FLUORESCENCE-—|floo: uh RES ’ns|—The emission of light by a
substance only during excitation caused by the impact of electrons
on the substance.

FOCUS—The point on the fluorescent screen of a cathode ray tube
at which the cathode rays converge to form an image when acted
upon by the focusing arrangement.

HALATION-—|huh LAY sh’n]—The spreading of light on the face of
the cathode ray tube as a result of total reflections between the
walls of the glass envelope.
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IMPORTANT DEFINITIONS (Cont'd)

ION TRAP—An arrangement in the electron gun of a picture tube
which traps negative ions and prevents them from reaching the
screen.

LUMINESCENCE—{loo: mi NES ’'ns]—The emission of light by a
substance due to the absorption of energy, such as that of a
cathode ray beam. The light produced in this manner is not the
result of heating the substance to incandescence.

OPTICAL CONTACT—The extent of contact between the phosphor
crystals and the glass surface of the cathode ray tube screen.

PHOSPHORESCENCE—|fahs fuh RES ’ns]—The emission of light
by a substance which persists for a short time after the impact of
electrons in the substance.

PROJECTION TUBE—A cathode ray tube designed to produce a
very bright but small image that can be projected onto a large
screen by an optical system consisting of lenses and mirrors.
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As shown in this partial view of a television receiver chassis, the power supply often is an integral
part of the electronic equipment it is designed for. The two rectifier tubes are visible to the left
of the transformer and two of the filter capacitors are mounted directly in front of the transformer.

Courtesy ""Mars'" Television Inc.
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LOW VOLTAGE POWER SUPPLIES

The voltage requirements for
television receivers, industrial
control circuits, or nuclear mea-
surement devices vary consider-
ably. For example, the accelerat-
ing anode of cathode ray and
picture tubes requires anywhere
from 3 to 30 kilovolts, the deflec-
tion circuits require about 400
volts, and the signal circuits usu-
ally operate on 300 volts or less.
In addition some units require
negative voltages for control pur-
poses. In similar manner, nuclear
scalars and counters may require
900 volts or more for the counter
tube whereas 100 to 300 volts suf-
fices for the other circuits.

Those circuits that operate at
high voltages usually require only
a few hundred micro-amperes of
current whereas most of the lower
voltage circuits require several
hundred milliamperes. Therefore,
it is more feasible to use two or
more power supplies to operate
this equipment, and for identifica-
tion purposes those designed to
supply 1000 or more volts with
but little current drain are called
the high voltage supply and
those designed to supply a few
hundred volts of higher current
capacity are called the low volt-
age supply.

Most modern high voltage-low
current circuits are sufficiently dif-
ferent from the low voltage mod-
erate current circuits to require

separate explanations. Therefore,
this lesson describes only the low
voltage power supplies; the high
voltage supplies are illustrated in
a later lesson.

POWER TRANSFORMER
SUPPLY

The circuits for a typical power
transformer, low voltage type sup-
ply designed for multi-tube equip-
ment such as a television receiver
are shown in Figure 1. As is con-
ventional, the filament voltage
sources are included to give trans-
former T six secondary windings,
five of which supply tube heater
voltages.

The high voltage secondary
winding has a total of five taps,
one of which is used to connect its
center point to ground, and the
others connect to full wave recti-
fier tubes V, and V., to provide two
independent supply circuits. The
plates of tube V, connect to the
outer ends of the winding while
the filament, obtaining its current
from a low voltage secondary, is
connected to the output filter con-
sisting of L,, C,, and C.. The nega-
tive plates of the filter capacitors,
are connected directly to ground
in the usual way and +380 volts
are available as the output at the
positive plate of capacitor C..
From the positive plate of input
capacitor C,, +400 volts are made
available by a separate connection.
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For this part of the supply, the
complete conductive path may be
traced from the filament of V, to
either plate, to the corresponding
half of the high voltage secondary
winding, to its center tap and to
ground. From ground, the path is
through the plate circuits of the
various tubes to the +380 volts
terminal, and through the filter
choke L, to the filament of V, or
from the plate circuit of the tube
requiring this voltage, the path is
directly through the +400 v con-
nection to the filament of V..

The plates of rectifier tube V,
are connected to the remaining
taps on the high voltage secondary
winding while its filament, obtain-
ing current from another low volt-
age secondary, is connected to the
filter consisting of L,, C;, and C,.
Since there are fewer turns be-
tween the taps of the high voltage
secondary to which the plates of
V, are connected, the d-c voltage
output of this part of the supply
is reduced to +290 volts as shown.

In this section the direct cur-
rent path is from the filament of
tube V,; to either plate through
the corresponding section of the
high voltage secondary to the cen-
ter tap, and to ground. From
ground, the path continues
through the tube circuits back to
the +290 volts terminal and
through filter choke L, to the fila-
ment of the tube.

The rectified currents of both

the V, and V; sections of the sup-
ply are carried by the center sec-
tions of the high voltage secondary
winding, while only the current of
the V, section is carried by the
outer sections of this winding.
Therefore, between the points at
which the V, plates are connected,
the wire of the winding must be
sufficiently large to carry the total
current of both sections.

A power transformer of the type used in many
television receivers and other electronic opparotus.

Courtesy Standard Transformer Corp.

The filaments of rectifiers V,
and V; are connected to separate
filament windings while the cir-
cuits of most of the remaining
tube heaters are shown near the
bottom of the diagram. Each of
the seventeen heaters in this group
operate at 6.3 volts but by con-
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necting them in parallel-series
across a 12.6 volt center-tapped
winding as shown, the total heater
current is reduced by approxi-
mately one half. For example, if
each heater requires .3 ampere,
all seventeen need 17x.3=5.1
amperes at 6.3 volts. Series con-

the lower center of Figure 1, two
selenium rectifiers, SR, and SR,
are connected across the 12.6 volt
transformer secondary to operate
as a full wave rectifier. The circuit
is completed from the junction
between the rectifiers through re-
sistor R, which, in conjunction

Compact electrolytic filter capacitors mounted in aluminum cans. This type capacitor is used
extensively in TV power supplies.

Courtesy P. R. Mallory and Co.

nected in pairs across the entire
secondary, 16 of the tubes require
but 8X.3=2.4 amperes at 12.6
volts. The center tap connection
carries only the current for the
17th heater plus any unbalance
between the parallel groups.

To prevent 60 cycle power line
modulation of the oscillator cir-
cuit output, its heater is supplied
with direct current. As shown at

with capacitor C; acts as- a con-
ventional low pass filter. Together
with capacitors Cs and C,, choke
L; acts as a high frequency filter
to prevent the oscillator output
from feeding back into the other
circuits. The two secondaries,
shown at the upper left of the dia-
gram, supply power to heaters in
tubes which require isolated cir-
cuits.
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DELAYED VOLTAGE
POWER SUPPLY

Another typical example of a
transformer type of low volt-
age power supply is shown in
Figure 2. Again, the trans-
former high voltage secondary is
tapped to provide two separate
d-c¢ supply sections, one of +400
volts and the other —100 volts.
Here, the circuits of tubes V, and
V, correspond to the single tube
V. section of Figure 1. In Figure 2
tubes V, and V, are connected with
their respective sections in parallel
to provide twice the current ca-
pacity of one tube. The center tap
of the high voltage winding is con-
nected to ground and the fila-
ments of V, and V., are connected
through the contacts of relay M
to the output filter consisting of
C,, C,, and choke L. With respect
to ground, the approximately
+400 volts available at the out-
put terminal of filter choke L is
applied through various decoup-
ling networks and circuit com-
ponents to the proper electrodes
of other tubes.

The common types of filter ca-
pacitors have a maximum rating
of 450 working volts and, with 400
volts between the output termi-
nal of choke L and ground, the
safety factor is small. To provide
protection in this respect, filter
capacitors C, and C,, each rated
at 350 volts, are connected in
series to provide the equivalent

of a 700 volt capacitor, with half
the capacitance of either one. When
two capacitors are connected in
series, the voltage across each is
inversely proportional to its ca-
pacitance. Therefore, to insure
equal capacitor voltages, resistors
R, and R, having equal resistance,
are connected as a voltage divider
across these capacitors.

The circuits of rectifier tubes
V; and V,, Figure 2, correspond
roughly to the V, section of Fig-
ure 1, but instead of the plates,
the cathodes are connected to the
center sections of the high voltage
secondary winding. The plates, all
in parallel, are connected to the
output filter consisting of resistor
R; and capacitors C; and C,. This
reversal of rectifier tube connec-
tions makes the ground side of
this section positive and the insu-
lated output terminal 100 volts
negative.

In this section of the power
supply, the rectifier tubes are con-
ductive only during the secondary
voltage alternations that the
cathode is negative with respect
to ground. Thus, as in most full
wave rectifiers, tubes V; and V,
are alternately conductive. Dur-
ing conduction, electrons travel
from the cathode to the plates of
either tube, through filter resistor
R; to the ‘“ —100v” output termi-
nal. From that point there can be
a circuit to ground and the elec-
tron path continues to the center
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tap of the secondary and through
either central section of the wind-
ing to the cathode of the conduc-
tive tube.

Other circuits are connected
across the —100 v and +400 v
for a total supply of 500 volts and
for these, the return path of the
electrons is through choke coil L,
the contacts of relay M, filament
to positive plate of tubes V, and
V. to the outer end of the sec-
ondary and back through the
winding to the negative cathode
of Vi or V..

Thus, the circuit of Figure 2
provides three d-c voltages: (1)
100 volts negative with respect to
ground, (2) 400 volts positive with
respect to ground, and (3) 500
volts between the +400 and —100
volt terminals.

Time Delay Circuit

The time delay circuit, con-
sisting of tube V;, relay M, and
resistor R, of Figure 2, prevents
high surge voltages across filter
capacitors C, and C; in the 400 v
supply circuit when the power is
first turned on and the various
tubes are not warmed up suffi-
ciently to draw their normal load
currents. When the circuits sup-
plied are not in operation there is
no current in the winding of relay
M, and its contacts are open to
disconnect the filaments of tubes
V. and V; from the output filter
components. When the primary

circuit power switch, SW, is
closed, the induced secondary volt-
ages of the power transformer are
applied to all the rectifier tubes.
Since the contacts of relay M are
open, the V; and V; output cir-
cuit is broken and no voltage is
applied across filter condensers C,
and C,. However, the circuits of
rectifiers V; and V, are complete,
therefore filter capacitors C; and
C; are charged to approximately
100 volts at the indicated polarity.

Triode V; is converted to a
diode by connecting the control
grid to the plate, which in turn,
is connected through the winding
of relay M to the grounded posi-
tive plates of filter capacitors C;
and C,;. The cathode of V; con-
nects directly to the negative plate
of C, and through filter resistor
R; to the negative plate of C;.
Thus, the voltage of the charged
capacitors is applied across diode
V; in the proper polarity to make
it conductive.

The 10 ohm resistor R,, con-
nected in series with the heater,
causes a delay of approximately 15
seconds before the tube reaches
its proper operating temperature.
At the end of this delay period,
the tube becomes conductive and
the resulting current, carried by
coil M, causes the relay contacts
to close and complete the output
circuit of tube V, and V.. By this
time the other tubes in the load
circuits are at proper operating
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temperature and draw their nor-
mal currents the instant the relay
contacts close. With this normal
current, excessively high voltages
are not built up across the filter
capacitors C, and C..

A MULTI-TRANSFORMER
POWER SUPPLY

A third arrangement of the
power transformer type of low
voltage power supply is shown in
Figure 3. It includes separate
power transformers T, T, and
T,;, and four rectifier tubes V.,
V., V;, and V,. Although used in
a projection television receiver, it
is typical of other elaborate equip-
ment.

Tube V, operates as a full wave
rectifier across the center tapped
high voltage winding of power
transformer T, and provides volt-
ages for the receiver audio ampli-
fier circuits only. The filament is
connected to the filter consisting
of capacitor C,, choke L,, and ca-
pacitor C, with the series bleeder
resistors R, R,, and R; across its
output. Resistor R; is connected
between ground and the center
tap of the high voltage winding
to provide a negative 25 volts to
bias the control grids of the audio
output tubes. The plate circuits
of the audio output tubes are con-
nected to the 4380 volts terminal
which connects to the positive
plate of the input filter capacitor
C, and through jumper “J” to

filter choke L.. This jumper is
located in the speaker plug so that
the high voltage cannot be ap-
plied to the plates of the output
tubes unless the speaker is con-
nected.

A plate and hecter power transformer. The wind-
ings are completely enclosed to reduce the transfer
of energy to other circuits by magnetic coupling.

Courtesy Standard Transformer Corp.

To provide for the relatively
high voltage and current require-
ments of the horizontal deflection
circuits, full wave rectifier tubes
V. and V; are connected in parallel
across the high voltage secondary
winding of power transformer T,.
The filaments of these tubes are
connected to the filter consisting
of capacitors C; and C,, choke L.,
and capacitors C; and C;. As ex-
plained for C,C. and R,R, of Fig-



Page 10

Low Voltage Power Supplies

ure 2, there are voltage divider
resistors across the series con-
nected capacitors.

In this particular receiver, the
high voltage supply is energized
by the horizontal sweep circuits,
therefore, to provide protection
against high voltage shock, a
safety or interlock switch is in-
cluded in the 117 volt supply cir-
cuit. Referring to the lower part
of Figure 3, “S,” is the normal off-
on power switch which, when
closed, energizes the primary of
transformer T,. With S, closed,
the primaries of transformers T,
and T; are energized only when
plug P, is inserted in its socket. In
addition, plug P. connected in
series with the primary of trans-
former T,, is located on the safety
cover of the high voltage supply.

Thus, when the safety cover is
removed, plug P, is separated from
its socket and this entire section
of the power supply becomes in-
operative. In a similar manner, if
this section of the supply is re-
moved, plug P, must be pulled out
of its socket and again the circuits
are inoperative.

The remaining positive and neg-
ative voltage requirements of the
receiver are provided by the power
supply consisting of full wave rec-
tifier tube V,, power transformer
T;, and filter C;L,Cs. Beginning at
the +150 volt output terminal of
this supply, the voltage divider
consists of series connected re-

sistors Rs, Ry, Ri3, Ry, Ry, and
Rio. The total output is 260 volts
but, with the grounded junction
between Ry and R,; as a reference,
the polarities and values of the
available voltage are as indicated.

Also, as shown in Figure 3, each
transformer has low voltage sec-
ondaries to supply current for the
filaments of its rectifier and the
heaters of certain tubes in the
receiver circuits.

TRANSFORMERLESS
POWER SUPPLIES

To reduce both weight and cost,
many low voltage power supplies
do not incorporate a power trans-
former. Instead, the line voltage
is increased by connecting two or
more half wave rectifiers to pro-
vide a “multiplied” d-c output
voltage. This particular type of
power supply system has been
given various names such as voLT-
AGE DOUBLER, VOLTAGE TRIPLER,
and VOLTAGE MULTIPLIER, but ac-
tually, its d-c output is two, three
or more times the a-c input only
under conditions of very small load
currents. For example, under ac-
tual operating conditions, the out-
put of a voltage doubler system is
normally somewhere between 114
and 2 times the a-c input voltage.

FULL WAVE TYPE
VOLTAGE DOUBLER

The action of the voltage dou-
bler is explained first, because the
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higher order multiplier circuits are
merely an extension of the doubler
principle. There are two basic
types of voltage doublers, namely,
the half wave type and the full
wave type. However, several vari-
ations of each are in common use.

junction of the V, plate and C,,
the filter consisting of choke L
and capacitor C; removes the a-c
ripple from the d-c output volt-
age, the negative side of which is
grounded.

During the a-c line voltage al-

A time delay relay used in some power supplies allows the filaments to reach proper operating
temperature before plate voltage is applied to the tubes.

Figure 4 shows the simplified
diagram of a full wave voltage
doubler power supply. Wire A of
the 117 v a-c input connects to
the cathode of V, and to the plate
of V.. Capacitors C, and C, are
connected in series between the
V, cathode and V; plate, while the
junction between the capacitors
is connected to wire B. Connected
between the V, cathode and the

Courtesy Leach Relay Co.

ternation when A is positive with
respect to B, the V, plate is posi-
tive with respect to the cathode
and the tube is conductive. As
indicated by the solidline arrows,
from B, electrons flow to the C,
lower plate which forces electrons
from the other plate through V,
to wire A. This action charges C,
to the polarity shown and to a
voltage, E, that is approximately
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equal to the a-c input voltage peak.
During the time that A is positive,
the V, cathode is positive with
respect to its plate and the tube
is nonconductive.

For the following a-c line volt-
age alternation, B is positive with
respect to A, the V, cathode is
positive with respect to its plate
and the tube is cut off. However,
with the positive side of the line
connected to the C, negative plate,
the C, charge and line voltage are
series-aiding and their total is ap-
plied to the filter. Therefore, C;
charges to a voltage equal to 2E,
with electrons flowing from A
through V. to the C; grounded
plate, from the C; upper plate
through L to the C, positive plate
and from the C, negative plate
to B.

At the same time, capacitor C,,
connected between the V. plate
and B, charges to the polarity
shown and to a value E, which is
approximately equal to the peak
value of the a-c input voltage. As
indicated by the dotted line ar-
rows, the electron flow is from A
through V, to the C, lower plate
and from the C, upper plate to B.
At first glance it would appear
that the C; charging current would
discharge C,, and it does slightly.
However, after a few cycles, the
C; charge reaches a value of 2E
and the C, charge does not change
appreciably.

The following alternation makes
A positive again and V, conducts

to replace any charge lost by C,
during the preceding alternation.
Now, the line voltage and the C,
voltage are series-aiding and the
C; charge is maintained at 2E by
electrons flowing from B to the C,
positive plate, from the C, nega-
tive plate to the C; negative plate
and from the C; positive plate
through L and V, to A. At first,
this current also tends to dis-
charge C; but after C; is fully
charged, the charge of C, remains
fairly constant.

Thus, capacitors C, and C; are
charged alternately, then dis-
charged in series with the power
line to maintain the C; voltage at
twice the peak of the a-c input
voltage.

With a load connected between
B+ and ground, current is drawn
from the power supply and ‘the
average voltage across C, and C,
is somewhat less than the a-c line
peak value. Likewise, the average
output voltage is somewhat less
than twice the a-c line peak.

Since a power transformer is
not used, equipment employing
this type of low voltage power sup-
ply generally has the heaters of
its other tubes connected in series
across the a-c power line. How-
ever, this arrangement places the
heater that is connected to the B
wire of the power line at a d-c
potential of E volts above ground.
Since the cathode of the same tube
is at or near d-c ground potential
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there is a comparatively high d-c
voltage between the cathode and
heater, in addition to the normal
a-c heater voltage. Under these
conditions any cathode heater
leakage tends to introduce a-c hum
voltage into the signal circuits of
the unit.

one rectifier, V.. is connected di-
rectly to the plate of the other, V,,
but only one capacitor, C,, is in
series between the V, plate and
the V. cathode. The other capaci-
tor, C,. is in series between point
A of the a-c line and the junction
of the V, cathode and V, plate.

Pawer transformers ore made in various shapes and sizes to meet the need of every type of
electronic equipment.

HALF WAVE TYPE
VOLTAGE DOUBLER

The high d-c voltage between
the heaters and cathode of any
other tubes is avoided by use of
the half wave type voltage doubler
shown in the simplified diagram
of Figure 5A. Compared to the
circuit of Figure 4, the cathode of

Cowitesy B. F. Miller Ca.

With this arrangement, it is pos-
sible to ground power line wire B
as shown.

Although the two rectifiers, V,
and V., conduet on alternate
halves of the a-c power line cycle,
the functions of the two capacitors
C, and C, are somewhat different.
In Figure 4, each capacitor is
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charged through a rectifier tube
to approximately the peak line
voltage and each forms a part of
the output or filter circuit. In
Figure 5A, only C, is a part of the
output or filter circuit and it is
charged to approximately twice
the peak line voltage, while capaci-
tor C,, charged to approximately
the peak line voltage, acts as a
reservoir that adds its energy to
that of the power line during the
interval that C; is being charged.

To follow the action, first as-
sume an a-c power line alternation
during which wire B is positive
with respect to wire A. With this
polarity the plate of V, is positive
with respect to the cathode, the
tube is conductive and capacitor
C. is charged to the indicated po-
larity. For this interval the plate
of V, is negative with respect to
the cathode, the tube is noncon-
ductive and the only active part of
the input circuit is that shown by
the solid lines of Figure 5B.

Following the arrows, electrons
move from negative wire A into
capacitor C,, causing one of its
plates to become negative. This
surplus on the negative plate
causes electrons to leave the other
plate and move to the cathode of
V. through the tube to the plate
and back to positive line wire B.
Thus, the V,C, charging circuit of
Figure 5B is similar to the V,C,
charging circuit of Figure 4.

Referring again to Figure 5A,

during the following a-c power line
alternation, wire A is positive with
respect to wire B, therefore the
plate of V, is negative with respect
to its cathode and the tube is non-
conductive. During this interval
V, is equivalent to an open circuit
and the active portion of the cir-
cuit is shown by the solid lines in
Figure 5C. With wire A positive
and wire B negative, the line volt-
age is in series with the charge on
capacitor C,, and therefore, the
total of these two voltages, equal
approximately to twice the line
voltage, is applied to the series
circuit consisting of V; and C..

With this polarity of applied
voltage, the plate of V, is positive
with respect to its cathode, there-
fore the tube is conductive and
allows C, to be charged to the
indicated polarity. As shown by
the arrows, during this interval
electrons move from wire B to
the negative plate of C,, from the
positive plate of C, to the cathode
of V, through the tube to the
plate to the positive plate of C,
and from the negative plate of C,
to wire A. As the total voltage
applied to the V,C; circuit is equal
to that of two series sources each
equal to the peak line voltage,
capacitor C; is charged to approxi-
mately twice the peak line voltage.

Referring again to Figure 5A,
C: is the input capacitor of the
filter which includes choke L and
output capacitor C;. Rectifier tube
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V. prevents C, from discharging
back into the supply. However, C,
does discharge to supply the cur-
rent for the load circuits con-
nected across the filter output
between B + and ground.

ot C%

C. is somewhat less than the peak
supply line voltage.

The arrows in Figures 5B and
5C indicate a reversal of electron
flow in C, and make it appear that

A compact pawer supply unit. Two rectifier tube circuits provide two independent values of
valtage in this unit.

In actual operation this dis-
charge into the load is continuous,
therefore, the average voltage
across C, is somewhat less than
twice the peak line voltage. Also,
since the energy from C, charges
C. during a part of the input power
cycle, the average voltage across

Courtesy Scott Radic Lab.

a non-polarized type of capacitor
is required at this point. However,
when in operation, C, is charged
during the alternation illustrated
in Figure 5B and discharges but
partially during the following al-
ternation illustrated in Figure 5C.
This complete action is repeated
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during each input cycle and, as
the charge equals the partial dis-
charge, the polarity remains as
indicated at all times. Therefore,
the usual type of polarized elec-
trolytic capacitor can be used.

LiG- FILTER REACTOR

UT-FILTER REACTOR /

the cathodes of the tubes at the
high voltage end of the system.
Transformers could be provided
to correct this condition but they
would require separate well insu-
lated filament windings for each

V28-HI6H VOLTAGE RECT.-5U46
VeT-LOW VOLTAGE RECT -252667

9T-FILTER CAPACITOR
KC%'FILTER CAPACITOR

The under chassis view of the power supply shawn in the preceding illustration. A filter chaoke
is included for both rectifier circuits.

VOLTAGE MULTIPLIERS

When it is desirable to obtain
d-c outputs greater than twice the
input line voltage, the system of
Figure 5A may be extended as
shown in the circuit of Figure 6.
Any number of rectifier tubes and
capacitors may be used. However,
with the heaters of the rectifiers
connected across the a-c power
line, in practice the number is
limited by the dangerously high
potential differences that are de-
veloped between the heaters and

Courtesy Scott Radio Lab.

tube and the simplicity of the
system would be lost.

In operation, the action of the
circuit of Figure 6 is similar to
that explained for Figure 5A. When
wire A of Figure 6 is positive with
respect to wire B, tube V, con-
ducts and charges capacitor C, to
approximately the peak line volt-
age “E.” During the following al-
ternation when wire A is negative
with respect to wire B, tube V; is
conductive and allows capacitor
C. to charge.

~
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At this time the active charg-
ing circuit can be traced from
negative wire A to the negative
plate of C., from the positive plate
of C, through tube V, to the posi-
tive plate of C, and from the nega-
tive plate of C, to positive wire B.
As the line voltage across wire
A-B and the charge of capacitor C,
are series-aiding, capacitor C, is
charged to voltage 2E, approxi-
mately twice the line voltage.

During the next alternation,
wire A is positive again, tube V;
is conductive and allows capacitor
C; to charge. At this time, line
voltage E and the 2E charge of
capacitor C, are series-aiding so
that capacitor C; is charged to
approximately three times the line
voltage, indicated as 3E. In addi-
tion, capacitor C, is charged, as
explained above, to replace the

energy it released to help charge
C..

Following the same plan, when
wire B is positive again, tube V,
is conductive and allows capacitor
C, to charge. In this charging cir-
cuit line voltage E and the 3E
charge of capacitor C; are series-
aiding so that capacitor C; is
charged to approximately four
times the line voltage, indicated as
4E. Also, at this time, capacitor
C, is recharged to voltage 2E as
explained previously.

Without repeating all the de-
tails, when wire A is positive again,
tube V; is conductive and the line

voltage E in series with the 4E
charge of capacitor C, charges ca-
pacitor C; to approximately five
times the line voltage, indicated
as 5E. Capacitor Cy and tube Vx
represent any number of such units
as may be included in an arrange-
ment of this kind and the d-c volt-
age developed across the last ca-
pacitor Cx becomes the output of
the supply.

At first glance it may appear
that when conductive, the various
rectifier tubes short circuit the
charging action of the circuit.
However, this does not occur be-
cause once the series of capacitors
are charged, the individual recti-
fiers carry current only for that
portion of the a-c cycle necessary
to restore the loss of charge re-
quired to supply the load current.
As soon as stable operating con-
ditions are reached, capacitor C,
remains charged almost to peak
line voltage, capacitor C, remains
charged almost to twice peak line
voltage and so on.

VOLTAGE MULTIPLIER
POWER SUPPLIES

An example of a low-voltage
power supply employing a volt-
age multiplier circuit is shown
in Figure 7. Here, the three double-
diode rectifier tubes V,, V., and
V; with their respective halves
connected in parallel form a volt-
age doubler which provides an out-
put of + 170 volts at point A in
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the diagram. In the same way,
rectifier tubes V; and V; with
their respective halves connected
in parallel, form a voltage doubler
which supplies a negative output

A Mercury vapor holf wave rectifler. In power ap-
plications where relatively high voltoge ond cur-
rents are needed o tube of this type is used.

Caurtesy Radia Carporation of America

of —190 volts at point C. This
particular supply includes a power
transformer, the primary of which,
acting as an autotransformer,
steps up the 117 volt input to a
value of 125 volts.

Following the positions of the
symbols in the diagram, the lower

end of the primary is grounded at
a point below tube V;. From the
upper end there is a circuit up to
the top, over to the right and
down through the heaters of tubes
Vi, Vg, V3, V,, and V, in series to
the lower end. Each of these heat-
ers require 25 volts, therefore, five
of them in series operate properly
across the 125 volt primary.

Referring to the upper part of
Figure 7, when the upper end of
the transformer primary is nega-
tive, the charging circuit is through
limiting resistor R, capacitor C,,
from the lower cathode to plate
of tubes V,, V,, and V;, and back
to the grounded lower end of the
primary. With the exception of
resistor R, and the parallel con-
nected rectifier tubes, this circuit
corresponds to the solid line por-
tion of Figure 5B. However, with
125 volts input the peak voltage
is 1.41 X125 =176 volts.

During the following alterna-
tion, the grounded end of the pri-
mary is negative and the active
circuit is from ground through C,,
from the upper cathode to plate
of tubes V,, V., and V;, and back
through C, and R, to the upper
end of the primary. The primary
voltage and charge of C, are series
aiding, therefore C; is charged to
approximately twice the peak
value or 176 X2 =352 volts. This
circuit corresponds to the solid
line portion of Figure 5C.

When the circuit is in opera-
tion, the load currents reduce the



Low Voltage Power Supplies

Page 19

charge on C; to approximately
210 volts and also cause an IR
drop across filter resistors R; and
R, which reduces the output to
4170 volts as indicated at point A.

In the lower section of Figure 7,
capacitor C, corresponds to ca-
pacitor C, of the upper section.
When the upper end of the pri-
mary is positive, the charging cir-
cuit can be traced from the lower,
grounded end of the primary, from
the upper cathode to plate of tubes
V. and V;, through capacitor C.,
limiting resistor R, and back to
the upper end of the primary.

The action here is the same as
explained for C, and, with one ex-
ception, both charging circuits are
the same. The grounded end of
the transformer secondary con-
nects to a cathode of tubes V, and
V; and to a plate of tubes V,, V,,
and V; Thus, to make the tubes
conductive, V, and V; require a
polarity opposite to that of tubes
V1, V,, and V. As a result of these
connections, capacitors C; and C,
are charged to opposite polarities
with reference to the upper end of
transformer primary.

When the upper end of the pri-
mary is negative, the charging cir-
cuit can be traced through limit-
ing resistor R., capacitor C,, the
lower cathode to plate of tubes V,
and V; and capacitor C; to the
lower grounded end of the pri-
mary. The primary voltage and
charge of C, are series-aiding,

therefore C, is charged to approxi-
mately twice the primary peak
voltage. Notice here, although
charged to equal voltage, capaci-
tors C; and C, are of opposite po-
larity with respect to ground.

The filter of the lower section
includes resistor R; and inductor
L which may be the focus coil
mounted on the neck of a cathode
ray tube. To regulate the current
in this coil and thus control the
focusing of the illuminated spot on
the tube screen, series connected
fixed resistor R; and variable re-
sistor R are connected in parallel
with L.

Thus the action of this section
of the supply is the same as ex-
plained for the upper section and
also for the circuit of Figure 5A.

Wire wound resistors with adjustable taps. Swuit-
able for bleeders and voltage dividers in power
supply circuits.

Courtesy Ward Leonard Electric Co.

The only difference between the
two sections of the complete sup-
ply of Figure 7 is that, for the
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upper section the negative plate
of the output capacitor C; is con-
nected to ground while for the
lower section, the positive plate
of the output capacitor C, is con-
nected to ground. For the upper
section of the supply the output
is taken from the ungrounded or
positive plate of capacitor C, while
for the lower section the output is
taken from the ungrounded or neg-
ative plate of C,.

Thus, the tube circuits are con-
nected across points A to C and
have a total cathode-to-plate sup-
ply voltage of 170 4190 volts or
360 volts applied to them. Of
course, the grid-cathode return
circuits of the remainder of the
stages are returned to ground,
point B of Figure 7. To complete
the supply, the transformer has
two low voltage secondary wind-
ings which provide heater current
for all other tubes.

A group of selenium rectifiers which moy be used in light weight power supplies.

Courtesy Selectron Division Rodio Receptor Co.

This arrangement is similar to
that explained for the output of
Figure 2 and the plates of some of
the tubes are connected through
their load components to point A,
Figure 7, while the grid-cathode
circuits are returned to point C.

VOLTAGE DOUBLER
POWER SUPPLY

The circuits of Figure 8 illus-
trate a somewhat different ar-
rangement of a low voltage doubler
type of power supply. It does not
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require a power transformer, and
dry plate selenium rectifiers SR,
and SR; replace the common tube
types. The voltage doubling action
is the same as explained for Fig-
ure 5.

Starting at the bottom of the
diagram of Figure 8, on one sup-
ply alternation, capacitor C, is
charged through selenium rectifier
SR, and limiting resistor R,. Dur-
ing the following alternation, C,
discharges in series with the line
voltage through rectifier SR, to
charge capacitor C; to approxi-
mately double the line voltage.
The output filter, consisting of
resistor R, and capacitor C, is
connected across capacitor C, and
allowing for the IR drop across R,
there is 250 volts across C..

For reference, the positive plate
of C; is connected to the point
marked “B**”’ and ‘4250 v”’
while the negative plate is con-
nected to the point marked “B —.”
Capacitor C, is connected between
B++ and ground while resistor R;,
in parallel with capacitor C; is
connected between B — and ground.
As B— is connected directly to
one supply line wire it can be con-
sidered as the common return, but
due to the IR drop across R, it is
not at d-c ground potential.

The interesting feature of this
circuit is that the plate circuits
of the various tubes are connected
in a SERIES-PARALLEL arrangement
to operate as a voltage divider.

By this method, some tube plate
circuits operate at the required
250 volts and others at 125 volts
without the power loss inherent
in the usual resistor type of volt-
age divider. For simplicity, all
other circuit components have
been omitted and the diagram of
Figure 8 shows only direct plate
and cathode connections.

Beginning at the top of the dia-
gram, the plate circuits of tubes
V7, Vgn, Vloh, Vm,, and Vm are con-
nected across the entire power
supply output from B++ to B —.
Both plates of tube V; are con-
nected to the receiver high volt-
age power supply. Tubes V; and
V. are connected in series across
the entire supply so that part of
the 250 volt output is dropped
across the V; plate circuit and the
remainder across the V, plate cir-
cuit. The tube V; requires more
than 250 volts, therefore, its plate
is connected to the input of the
power supply filter at the junc-
tion between R, and C.,.

In the lower group of seven
tubes, the plate circuits of V,, V,,
Vs, Va, and Vy;, are connected in
parallel across B++ 250 v and B+
125 v. The plate circuits of Vi,
and V,; are connected in parallel
across B+ 125 and B —. The tubes
have been grouped so that the
total plate currents of V,, V,, Vs,
Va, and Vi, are equal to the total
plate currents of Vi, and V.. The
other circuit components, such as
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plate loads, are chosen so that the
drop across the plate circuits of
Vio. and Vy, is equal to exactly one
half of the total supply voltage.
With this arrangement there is
125 volts across B**+ and B* and
125 volts across B+ and B —.

Actually, the series-parallel
plate connections are part of the
signal circuits of the unit, but
due to their voltage divider opera-
tion they can be considered as a

part of the power supply. Keep
this general plan in mind, or it
may be confusing to find the cath-
ode of one amplifier tube connected
to the plate of another.

Although not shown in Figure 8,
for this supply the tube heaters
are connected across the 117 v a-c
power line in a parallel-series ar-
rangement to provide the proper
voltage and current for each one.
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IMPORTANT DEFINITIONS

HIGH VOLTAGE SUPPLY—A voltage source employed to supply
tube elements or electrodes which operate at potentials higher
than those required for the plates and screens of the ordinary
types of electron tubes.

INTERLOCK SWITCH—A switch which is actuated to open a high-
voltage source when a protective device such as a cover or door
is rendered inoperative.

LOW VOLTAGE SUPPLY—A voltage source employed to supply
the operating voltages for the elements of the ordinary types of
electron tubes.

TIME DELAY CIRCUIT—An electric circuit in which the power
supply voltage or current is delayed a definite time interval after
the heaters are turned on to prevent high surge voltages.

VOLTAGE DOUBLER-—A rectifier circuit which charges two capaci-
tors in such a manner that a voltage approximately equal to twice
the line voltage is applied to the output.

VOLTAGE MULTIPLIER—A rectifier circuit which charges two or
more capacitors in such a manner that the output voltage is
greater than the line voltage.

VOLTAGE TRIPLER—A rectifier circuit which charges three capaci-
tors in such a manner that a voltage approximately three times
the line voltage is applied to the output.
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Courtesy Generol Electric Co.
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TRANSMISSION NETWORKS

Any complete electron unit con-
sists of one or more stages, each
of which performs some specific
function, and larger units may
contain several sections, which in-
clude one or more stages that per-
form a given function, or a group
of related functions. Whatever the
arrangement, each stage or sec-
tion contributes to the operation
of the complete unit. To transfer
or convey signal energy from stage
to stage, section to section, and
from one complete unit to another,
devices known as transmission
networks are employed. Since the
filter and equalizer types of trans-
mission networks have been de-
scribed, this lesson is concerned
with the types known as attenu-
ators and coupling devices.

As described in a previous les-
son, an attenuator consists of a
component or a group of com-
ponents arranged so that a choice
of various fractions of the total
output may be applied to the fol-
lowing stage or unit. The coupling
devices include transformers; RC,
RL, and RCL circuits; and trans-
mission lines which carry the en-
ergy some distance, such as from
an antenna to the input of a re-
ceiver.

Depending upon its specific func-
tion in a given electron circuit, a
transmission network must con-
vey the signal in some particular
desired manner. That is, the at-

tenuation must be either a mini-
mum or some specified amount
and the wave-form distortion must
be minimum or some predeter-
mined change of wave-form must
be produced, etc. The response of
any given transmission network
depends upon the type of network,
electric values of its components,
and upon the signal applied.

TYPES OF SIGNALS

Although the term ‘“‘signal”’ is
defined as the variation of a trans-
mitted or received wave with time,
it is common practice to speak of
the varying voltage or current it-
self as constituting the signal in
an electric or electron circuit.
Thus, a signal may be considered
any voltage, current, or electro-
magnetic wave which, by virtue
of its configuration, magnitude, or
frequency, serves to convey the
information, message, effect, or
other intelligence to the required
point or points.

On this basis, many types of
voltages and currents are classed
as “signals,” even though their
characteristics are considerably
different than the more familiar
audio signals produced by micro-
phones and phono pickups, which
consist of a single or several sine
waves. Circuit action with sine
wave voltages and currents has
been covered previously. However
in many electron equipment appli-



Transmission Networks

Page 5

cations, signals may have other
waveforms such as rectangular,
triangular, trapezoidal, or may
consist of a regular or irregular
succession of “pulses” of constant
or varying amplitude and duration.

To determine the amplitude,
frequency, or phase response of a
network to which a signal is to be
applied, any nonsinusoidal wave
may be resolved into a group of
harmonically related sine waves,
and thus any single pulse may be
resolved into a band of frequen-
cies. However, in the case of pulse
type signals, often these charac-
teristics of a network are of sec-
ondary importance only; it is “the
amplitude-time” response which
is of greatest importance.

VOLTAGE PULSES

The wave-form of what may be
considered an ‘‘ideal’’ pulse is
shown by the curve of Figure 1A.
With voltage E plotted against
time, this curve shows that the
pulse voltage rises from zero to
maximum instantly, remains con-
stant for the pulse duration, and
then drops instantly to zero. Al-
though Figure 1A illustrates volt-
age, a current pulse may have the
same wave-form.

This wave-form is purely hypo-
thetical because some time is re-
quired for any voltage or current
change to take place. However, to
simplify circuit study, it is con-
venient to determine the ampli-

tude-time response of a given stage
or network by assuming an ideal
pulse is applied to its input and
then describing the output wave-
form.

In a practical circuit, a voltage
pulse has a wave-form of the gen-
eral shape shown in Figure 1B.
Here, the rising front and de-
scending back of the curve are not
vertical since a definite time is
required for any pulse to increase
from zero to maximum and de-
crease from maximum to zero. The
section from A to B is termed the
leading edge of the pulse, the
section from B to C the flat top,
and from C to D the trailing
edge or tail.

Technically, the rise time t, is
defined as the time required for
the pulse to increase from 109, to
909% of its maximum amplitude,
as indicated by the horizontal
dashed lines. Likewise, the fall
time t; is the time required for
the pulse to decrease from 909,
to 109 of the maximum pulse
voltage. However, for simplicity,
the rise time often is considered
the entire time for the pulse volt-
age to increase from zero to maxi-
mum, and the fall time the inter-
val during which the pulse de-
creases from its value at point C
to zero.

When passed through various
circuit networks, the pulse of Fig-
ure 1B may be distorted in one or
more of the ways illustrated in
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Figures 1C, 1D, and 1E. A circuit
may cause a pulse to OVERSHOOT
as shown in Figure 1C. When over-
shoot occurs, often it is followed
by a few cycles of spurious oscil-
lations as shown in Figure 1D.
Some circuits cause the top of the
pulse to decrease in amplitude with
time, this action being known as
SAG. As indicated in Figure 1E,
the amount of sag is the differ-
ence between the maximum pulse
voltage at the leading and trailing
edges respectively. As explained
later, a fourth effect produced by
transmission networks, is the in-
crease in the pulse rise time.

RESISTANCE
ATTENUATORS

Forming a simple voltage di-
vider, the resistance network of
Figure 2 serves as an attenuator.
Usually, it is desired that each
successive setting of the contact S
reduces the signal by some defi-
nite fraction “p”’ as the contact
is moved down the divider. The
fraction p is called the attenua-
tion fraction. When switch S is
set at terminal 1 of Figure 2, the
output voltage E, is equal to the
input voltage E;. With S at termi-
nal 2, E, is equal to E; Xp; when
switched to terminal 3, E,=E;
Xp% and at terminal 4, E,=E;
Xp3; etc.

For example, with the attenu-
ator of Figure 2, suppose E; is
250 millivolts and the attenuation
fraction p=1/10 for each step.

Then the E, at the various termi-
nals is as follows:

Terminal

Number E, in mv.
1 250.0
2 25.0
3 2.5
4 0.25
5 0.025

When the required total resistance
Rt of all the resistors in the at-
tenuator is known, the individual
resistors may be calculated by
means of the following formulas:

R,=R:(1 —p)

Rs'_"Rs—lxp

RN___RN—lxp
1-p

Where R, corresponds to R, Fig-
ure 2; R, corresponds to any of
the intermediate resistors, R,, R;
or R,; and Ry corresponds to Rs.

For an example, suppose a five-
resistor unit like that of Figure 2
is to be constructed in which R =
2000 ohms, and attenuations of
1/10, 1/100, 1/1000, and 1/10,000
are desired. Since 1/100=(1/10)2,
1/1000=(1/10)%, and 1/10,000 =
(1/10)4, the required attenuation
fraction p is 1/10, and using the
proper equation:

R, = 2000 (1-1/10)
= 2000 X 9/10
= 1800 ohms,

or, to determine R,, substitute R,
for R,:

Ri=R,.. Xp=R: Xp
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Using the value obtained above
for R;:

R, = 1800 X 1/10 = 180 ohms.
In like manner:

R; =Rs; X P
=R, Xp
= 180 X 1/10 = 18 ohms,
and:
R,=Ry; Xp

=18 X 1/10 = 1.8 ohms.

To check the solution:

R, = 1800.0
R, = 180.0
R: = 18.0
R, = 1.8
R; = 2

R = 2000 ohms.

our 78 MAR NAR

LAT.

An attenuation and equalizer panel designed to control audio frequency voltages in the
recording industry.

Finally, substitute R; for Ry:
R5 _ Rs-x Xp
1-p
_ R4 Xp
-1 S
1.8 x1/10
T 1-1/10

= il = 0.2 ohms.

9/10

Courtesy Presto Recording Corp.

When pulses or signals contain-
ing high frequency sine wave com-
ponents, are to be passed through
an attenuator like Figure 2, the
resistors must be of the noninduc-
tive type and stray capacitances
must be kept to a minimum. The
total resistance Rt must be lim-
ited to about 10,000 ohms or less
when the transmitted pulse has a
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rise time of one microsecond or
less. With a higher resistance of
R, the network has too great a
time constant which increases the
rise time of the pulse. If the ap-
plied pulses have a rise time of
approximately 0.1 microsecond,
usually the stray capacitances of
the attenuator and connected cir-
cuits require that R be less than
2000 ohms.

RC Network Attenuators

When the periods of the signal
waves or the pulse rise times are
very short, the simple resistance
attenuator of Figure 2 is not sat-
isfactory because the stray capaci-
tances in the attenuator as well
as the stray inductances of the
resistors and connecting leads tend
to increase the rise time and in-
crease the attenuation of the high-
er frequency signal components.
To reduce these undesirable ef-
fects, the capacitance compen-
sated attenuator arrangement of
Figure 3 is employed. Although
more sections may be used, the
most common arrangement con-
sists of the illustrated single step
device in which the voltage divi-
sion is provided by the two sec-
tiOIlS R1C1 and RzCz.

The unit of Figure 3 may be
partially independent of frequency
or rise time if circuit values are
chosen so that R,C, =R:C,=R;Cs.
Thus, all frequency components
are attenuated practically an equal

amount, and pulse wave-forms
change very little when the signal
passes through this attenuator.

Usually, an attenuation ratio of
1 to 10 or 1 to 100 is used, with
C, adjustable as indicated to pro-
vide an output E, with minimum
distortion or change from the
wave-form of E;. When the signal
consists of pulses, the output
pulses will have overshoot if C, is
too large, and the rise time will be
excessive if C, is too small. To
adjust C,, an input pulse with rela-
tively short rise time is applied
to the E; terminals, and C, varied
until the wave-form of E, has the
steepest leading edge that can be
obtained without overshoot.

RC COUPLING CIRCUITS
High Pass Networks

Many electron units contain in-
terstage coupling circuits consist-
ing of a resistor and a capacitor.
In most cases, these circuits or
networks are arranged with the
input signal voltage E: applied
across C and R in series, and the
instantaneous drop across R forms
the output voltage E,. The circuit
of Figure 4A forms a high pass
network, the response of which
has been described in a previous
lesson.

Reviewing briefly, when the in-
put E; has sine wave-form, the
output E, is reduced in amplitude
and shifted in phase to lead Er.
The amplitude reduction, or at-
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tenuation, varies in proportion to
the t /T ratio, where t is the period
for pulse E, and T the time con-
stant of the circuit. Also, the
phase shift is proportional to t/T,
with E, leading E; by some angle
between 0 and 90°.

When E,; has rectangular wave-
form, E, is distorted by an amount
proportional to the t/T ratio,
where t and T represent the period

For simplicity, the curves of
Figure 4B are drawn by assuming
the input voltage E; is an ideal
pulse like that of Figure 1A. Also,
the effect of the network on the
leading edge of the pulse has been
neglected. For many applications,
this approximation of the action
is satisfactory. However, practi-
cal pulses do have definite rise
times, and the effect of a trans-

Resistance attenuators are used to control the amplitude of the various signals generated in
this test instrument.

and time constant, respectively,
as before. If t/T is large, E, has
the form of sharp pointed pulses
and falls to zero in a time equal to
t or less as shown by curve (1),
Figure 4B. If t/T is small, the
wave-form of E, resembles E;, but
has a sag in the flat top as illus-
trated by curve (2).

Courtesy Hickok Electrical Instrument Co.

mission network on the leading
edge of the pulse is important
when minimum wave-form distor-
tion is required. Under such con-
ditions, it is more convenient to
consider the circuit action in terms
of a t./T ratio in which t, is the
time required for the pulse to rise
from point A to point B, Figure
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1B. Again T represents the time
constant and is equal to RC for
the circuit of Figure 4A. Conse-
quently t./T represents the num-
ber of time constants per rise time.

On this basis, the wave-forms
of E, for various t./T ratios are
shown by the curves of Figure 4C
when the pulse E; is applied to
the high pass network. Here, E;
has the sloping front of a practi-
cal pulse, and when t,/T =.05, the
pulse rises from zero to maximum
in a time t. equal to .05 or 1/20th
the time constant of the circuit,
and E, has the form indicated by
the curve labeled ‘““t,=.05T.”
When the pulse rises to maximum
in a time equal to .5T, the t./T
ratio equals .5, and E, has the
form shown by the curve labeled
“t,=.5T.” Finally, the curve la-
beled “t.=2T" shows that E, de-
parts considerably from the wave-
form of E; when the time of pulse
rise is two network time constants.

In general, the curves of Figure
4C indicate that E, has the great-
est amplitude and least wave-form
distortion when the t./T ratio is
small. In each case, E, increases
during the interval t,, after which
it decreases at an exponential rate.
When t, is large compared to T,
the leading edge of the output
wave is curved considerably, but
when small compared to T, the
output pulse E, rises almost as
rapidly as E; and to nearly the
peak value E; before beginning its
exponential fall. Thus, to trans-

mit a pulse faithfully a high pass
network must have a relatively
long RC time constant so that the
t./T ratio is small.

Low Pass Networks

A second RC network arrange-
ment employed in electron equip-
ment is the low pass circuit shown
in Figure 5A. Again the input sig-
nal E; is applied to the resistor
and capacitor in series, but now
the output is taken across the
capacitor. As explained in a previ-
ous lesson, when E; has sine wave-
form, this network output ampli-
tude is directly proportional to
t/T, where t is the period of E,,
and its phase shift varies inverse-
ly with t/T, with E, lagging E, by
some angle less than 90°. Also,
when E; has rectangular wave-
form, the wave-form of E, is dis-
torted by an amount inversely
proportional to t/T. In Figure 5B,
curve (1) illustrates the form of E,
when t/T is small, and curve (2)
shows E, when t /T is larger. Here
again, an ideal input pulse is as-
sumed for E,.

As with the high pass networks,
often it is convenient to consider
the effect of a low pass network
on the pulse wave-form on the
basis of the t./T ratio in which t,
represents the time required for
a practical pulse to rise from zero
to maximum. Thus, when a pulse
E; with a sloping leading edge is
applied to the input terminals of
the circuit of Figure 5A, the out-
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put E, for various t,/T ratios has
the forms shown by the curves of
Figure 5C.

From top to bottom in the Fig-
ure, the solid line curves show the
wave-form of E, when the t,/T
ratios are 5, 2, .5, and .05, respec-
tively. As this graph indicates,
the output pulse wave-form is dis-
torted the least when t, is long
compared to T. In fact, when t, is
equal to 10T or more, the leading
edge of the E, pulse has nearly
the same slope as that of the E;
pulse, although delayed by a small
interval tq.

RCL COUPLING CIRCUITS

Figure 6A shows an RCL high
pass circuit in which an inductor
L is inserted in series with re-
sistor R, and the output E, is
taken off across both R and L.
When a voltage pulse E; is applied
to the input of this circuit, the
resulting current charges capaci-
tor C in a manner similar to that
in a simple RC circuit. However,
across coil L this current develops
a back emf E. which opposes the
changing current. Thus, E. adds
to the voltage drop Ex across
resistor R so that, at any instant,
the output E, is equal to the alge-
braic sum of these two voltages.

For the same t,/T ratios as in
Figure 4, the RCL circuit of Fig-
ure 6A has the responses shown
by the curves of Figure 6B. For
Figure 6, T =RC. During the pulse

rising period t,, circuit current is
increasing from zero, and E |, tends
to oppose the current. Thus, E
is in the same direction as E g, and
with the same RC values the out-
put voltage E, is greater at any
instant during this period than in
the circuit of Figure 4A. The re-
sult of this action is an increase
in the peak to which E, rises dur-
ing the period t., Figure 6B. That
is, compared with the curves of
Figure 4C, the corresponding
curves of Figure 6B indicate higher
peak values of E, for each t,/T
ratio.

At the end of the pulse rise
period, E; is constant and the
charging current decreases from
its maximum. The emf E. now
has a direction such that it tends
to maintain the charging current,
and therefore, has polarity oppo-
site that of Eg. Thus, E, is less
than Ey at any given instant dur-
ing the remaining part of the pulse
period.

This action results in a reduc-
tion in the time required for the
output pulse to fall when t,/T
is relatively large. When t,/T is
relatively small, the decay of cur-
rent is prolonged by the back emf
across L, and the output pulse
wave-form is only slightly changed
from that of E;. Thus, for given R
and C components, the larger the
L the greater will be the various
effects explained. Although the in-
sertion of a small inductance im-
proves the operation, if L. exceeds
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.25R2C, oscillation occurs and pro-
duces distorted wave-form like
Figure 1D.

In the output circuits of elec-
tron tube amplifiers, the load re-
sistor and the circuit shunt ca-
pacitance, form a parallel network
like that shown in Figure 7A.
Electrically, this circuit is ‘the
equivalent of the low pass circuit
of Figure 5A and, therefore, has

more nearly like that of the input
pulse E;.

As with the high pass network
for the circuit of Figure 7B, L is
chosen in terms of the factor R2C.
That is, the circuit inductance L
is made equal to some desired
value NR2C, where N is a positive
number between 0 and 1. In the
form of an equation:

L = NR?*C,

To reduce stray inductive and capacitive effects and to save space, networks often are made
in printed circuit forms.

the same response to pulse signals
as shown by the various curves of
Figures 5B and 5C.

By adding an inductor L in the
resistive branch of this circuit,
the RCL network of Figure 7B is
obtained to produce an output
pulse E, which has a leading edge

Courtesy Centralab Div. Globe Union, Inc.

which can be rewritten:

—————E—-_—_L— _1—.
R:C R~ RC

Since L/R is the time constant
T, of the L and R components in
the circuit, and RC the time con-
stant T of the R and C compo-
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nents, L/R2C is equal to (Ty1) X
(1/T¢), and:
N = I,
Te
For various values of N, the
output of the circuit of Figure 7B
is shown by the curves of Figure 8,
when a pulse E; is applied to the
input terminals. For curve (1),
N =0, and thus L=0 also, and
the response is like that for the
circuit of Figure 7A.

For T./T¢ ratios (values of N)
up to and including .25, the rise of
E, approaches more and more
closely that of E;. However, .25 is
the highest ratio which may be
employed without producing over-
shoot. As shown by curves (3),
(4), and (5), when N is greater
than .25, E, requires less time to
rise to maximum, but produces an
overshoot which is directly pro-
portional to N.

As the equation L=NR?2C
shows, in any given circuit N in-
dicates the magnitude of the in-
serted inductance L relative to
the product R?C. Thus, for a cir-
cuit like that of Figure 7B with
given values of R and C, the vari-
ous curves of Figure 8 illustrate
the response for L between 0 and
1009, of R*C.

Usually, in practical coupling
circuits, the resistance R is de-
termined by gain-bandwidth con-
siderations, and the shunt capaci-
tance C is inherent in the con-

struction of the equipment. Thus,
the product R2C is predetermined,
therefore N is chosen to provide
the particular response desired.
Finally, with N, R, and C known,
the needed inductance can be cal-
culated.

TRANSMISSION LINES

In general, a transmission line
consists of a set of conductors
employed to carry current of elec-
tric power circuits over long dis-
tances, or to transfer signal energy
from one location to another.
When used for the latter purpose,
a transmission line may be con-
sidered a transmission network
similar to the types described
above.

In the case of d-c or low fre-
quency a-c, it may be fairly easy
to visualize a flow of electrons in
one wire from the source to the
load, and a return flow in another
wire from the load to the source.
Thus, any pair of parallel wires
forms a simple transmission line
and, together with the source and
load, serves to confine the current
to a definite path.

However, at higher a-c frequen-
cies, the skin effect forces the cur-
rent to travel closer to the outer
surface of a conductor and causes
an increase in its effective resist-
ance. Also, the inductance and ca-
pacitance of the conductors, as
well as the leakage resistance be-
tween them, become of consider-
able importance. Thus, the vari-
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ous characteristics of any given
transmission line must fall within
limits which depends upon the
frequency range of the signal en-
ergy to be transmitted efficiently.

Types of Lines

Two basic types of transmission
lines are illustrated in Figure 9.
In Figure 9A the two-wire paral-
lel conductor contains two con-
ductors which are held at a con-
stant separation and insulated
from each other by some material
such as polyethylene. Other terms
applied to this type of line are
TWIN-LEAD and OPEN WIRE LINE.
Variations of this construction
consist of conductors separated
by insulating spacers at intervals;
two conductors imbedded in the
wall of polyethylene tubing so that
the air core of the tubing serves
as the dielectric between them;
and two polyethylene jacketed con-
ductors which in turn are enclosed
in a copper braid shield and a
moisture-proof thermoplastic cov-
er. The shield reduces radiation of
energy and also pick-up of un-
wanted energy by the line.

A transmission line using the
basic construction shown in Fig-
ure 9B is called a COAXIAL CABLE,
Oor CONCENTRIC LINE. In this line,
a central wire forms one conduc-
tor which is surrounded by a con-
centric metallic covering that may
be flexible or rigid and which forms
the second conductor. The central
conductor is held at the center of

the outer conductor by means of
a dielectric material. In some
cases, the dielectric consists of a
continuous tube of polyethylene,
and in others, beads of polysty-
rene or pyrex are spaced at equal
intervals along the inner conduc-
tor. The outer conductor confines
the transmitted signal energy to
the interior of the line, and also
serves as a shield to prevent pick-
up of external energy. When flex-
ible, usually this outer conductor
consists of copper braid, and as
indicated in Figure 9B, the coaxial
cable is protected by a weather-
proofing cover of rubber or plastic
composition.

Line Constants

As explained in an earlier les-
son, depending on their construc-
tion and the materials of which
they are made, all circuits have
definite resistance, capacitance,
and inductance. While for d-c and
low frequency a-c, the resistance
is the major factor, at higher fre-
quencies the capacitance and in-
ductance become increasingly im-
portant. In addition to resistance,
capacitance, and inductance, a
transmission line has a property
known as shunt conductance which
is a measure of the leakage cur-
rent through the dielectric. This
current exists because no dielec-
tric is a perfect insulator.

Known as ‘“constants,” these
properties are distributed evenly
along the length of any uniform
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transmission line, and for conven-
ience, may be indicated schemati-
cally as a series of “lumped” com-
ponents as shown in Figure 10.
Here, the series L and R elements
represent the resistance and in-
ductance of the two conductors,
the capacitors C represent the
distributed capacitance, while the
shunt conductance is indicated by
the resistors R’ to show the paths

equal length, all R, L, C, and R’
elements are respectively equal.
However, even the diagram is not
a true representation of an actual
transmission line, because each in-
finitely small unit of length adds
something to the line.

It is customary to express the
leakage between conductors in
terms of conductance G of so many
micromhos per foot, or resistance

A view of the connection used in a large concentric tra

of the leakage current. Thus, the
leakage between conductors may
be expressed in the most conven-
ient terms of either conductance
G or resistance R’, where G =1/R".

As indicated in Figure 10, if the
line is considered as sections of

line. The di is 3% inches.

Courtesy Andrew Corporation

R’ of so many megohms per foot.
The capacitance C is expressed in
micromicrofarads per foot, the in-
ductance L in microhenrys per
foot, and the resistance R in ohms
per foot.

In most practical lines, R and G
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are small enough (R’ is large
enough) to be neglected, leaving L
and C as the chief factors to be
considered in addition to the load.
In most cases, L and C are just
as important as the load itself;
sometimes they are even more im-
portant.

Characteristic Impedance

Each line section of Figure 10
has a definite impedance depend-
ing upon R, L, C, and R’, and when
connected to a source of alternat-
ing voltage will permit some spe-
cific current. To increase the
length of the line, additional sec-
tions must be included, and due to
the shunting effect, each added
section will reduce the total im-
pedance. However, each added sec-
tion has less and less effect on the
total impedance until finally their
effect is negligible. Under these
conditions, the line is considered
as being infinite in length and the
final impedance thus obtained is
called the characteristic imped-
ance, or surge impedance (Z,).

Although it is impossible to con-
struct a transmission line of in-
finite length, it is convenient to
rate transmission lines in terms
of the impedance Z, which they
would have if infinitely long. By
making measurements on a given
line of specific length, data can be
obtained which permits calcula-
tion to a very close approximation
of the infinite line impedance. The
characteristic impedance is deter-

mined by the size and kind of wire,
the nature of the medium sepa-
rating the two conductors, and
the distance by which they are
separated.

In each section of the line of
Figure 10, two L and two R ele-
ments make up the series imped-
ance Z, while the C and R’ ele-
ments constitute the shunt im-
pedance Z,. That is, for any one
section, the total series resistance
R.:=2R, and the total series in-
ductance L =2L. The total series
impedance is equal to the vector
sum of the resistance and react-
ance, therefore,

Z, = VR + XLTZ'

The shunt impedance consists of

R’ and C in parallel, equal to their

product divided by their sum.

Since vector addition is necessary:
- R XX,

Z,= e oaw e

®) + X2

In terms of the series and shunt
impedances, the characteristic im-
pedance of the line can be ex-
pressed as:

2o =7 X Z,,
in which:

7., = characteristic impedance in
ohms,

Z, = series impedance in ohms per
unit length,

Z,

il

shunt impedance in ohms per
unit length.
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As the quantities R and G are
negligible for most practical lines,
Z, almost equals 2+fL 1, and R’ is
so much greater than X that Z,
is almost equal to 14+fC, at any
given frequency f. Thus, substi-
tuting these values for Z, and Z,
in the previous equation:

1
Z, = \}(2wa) X @)
27rfL i
=\z.ic = \NT
where:

L = total inductance in henrys
per unit length,

C = shunt capacitance in farads
per unit length.

This expression assumes that
the dielectric separating the con-
ductors is air. In the more com-
mon “solid dielectric’’ lines, the
impedance Z, is reduced by the
factor v/1/K, where K is the di-
electric constant of the insulating
material, because it has the effect
of increasing the capacitance C
per unit length of the line. Thus,
for the common types of trans-
mission lines:

L

Z, = ‘/ CR
A cross sectional view of a par-
allel wire line is shown in Figure
11A, and of a coaxial cable in Fig-
ure 11B. As indicated “S” is the
spacing between centers of the
parallel conductors, with an out-
side diameter “‘d”. Also, ‘“d” indi-
cates the outside diameter of the

central conductor, and ‘“D” the
inside diameter of the outer con-
ductor of the coaxial line. For the
parallel wire type of line, Z, in-
creases with the ratio S/d, and
with the ratio D/d for the coaxial
cable.

Wave Length and
Velocity in Lines

In Figure 12, the small shaded
circles A and B represent the con-
ductors of a parallel wire line
shown in cross section. At a given
instant, a point along conductor
A will be positive and the corre-
sponding point on B will be nega-
tive. At this instant, the electric
and magnetic fields about these
points will be as indicated by the
solid and dashed lines, respective-
ly. Here, the instantaneous direc-
tion of current is assumed to be
into the page at conductor A and
out of the page at conductor B.

As shown by the arrows, the
electric lines of force travel from
A to B, while the magnetic lines
move counterclockwise around A
and clockwise around B. Thus, at
every point where they cross, the
electric lines are perpendicular to
the magnetic lines, and both are
perpendicular to the direction of
current in the conductors. During
succeeding instants, these fields
travel along the line, and since
they are produced by the moving
charges or currents in the wires,
they follow the current path,
whether curved or straight.
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At various points along any one
conductor of a transmission line,
the current is in different direc-
tions as indicated by the arrows
drawn in the conductors (A) and
(B) of Figure 13A. Also, at the
corresponding points (1), (3), and
(6), the currents are in opposite
directions in the two conductors.
The vertical lines represent the
electric field between the conduc-
tors, and as the arrows on these

Figure 13A indicates conditions
at a single instant of time when
the currents are zero at points (2)
and (4). However, the currents
are changing constantly in magni-
tude, and a certain interval later,
will be zero at points (1), (3), and
(5). At this later moment, the
conditions at points (2) and (4)
will be like those illustrated at
points (1) and (3) respectively. At

Nuclear instruments employ RCL networks to provide the necessary puise response.
Courtesy Potter Instrument Co.

lines indicate, at points (1) and (5)
the conditions are like those illus-
trated in Figure 12. At point (3),
the conditions may be illustrated
by reversing the direction of the
arrows on all the lines in Figure 12.

a third time, the currents will be
zero at points (2) and (4) again,
and the fields will have maximum
strength at points (1), (3), and (5),
but their respective directions will
be opposite to those shown.

=

.
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Thus, due to the changing mag-
nitudes and directions of the cur-
rents at various points along the
conductors, the regions of maxi-
mum and minimum field strength
travel along the transmission line
in the direction of energy trans-
mission. At the end of a given
period of time, conditions again
will be as shown in the Figure 13
and the entire series of events oc-
curring during the interval are
called a cycle. Thus, the number
of cycles which occur each second
depends upon the velocity at which
the energy travels down the line,
and upon the distance between
any points, such as (1) and (5), at
which like conditions exist.

In Figure 13B, the sine curve
indicates the amplitude and direc-
tion of the conductor currents and
the electric fields at successive
points along the line of Figure 13A.
However, this curve indicates the
conditions at one particular in-
stant only, and it must be moved
from the left to right along its
horizontal axis to represent the
changes which occur with time as
the transmitted energy travels
along the line. The conductor cur-
rent and field intensity variations
occur in periodic manner, thus it
is customary to consider the en-
ergy as being transmitted in waves
along the line. The wave length is
the distance between any point
and the next along the line at
which the instantaneous condi-
tions are identical, such as be-

tween successive peaks of maxi-
mum field intensity in the same
direction as indicated at points (1)
and (5) in Figure 13.

Indicated by the arrows in the
conductors of Figure 13A at the
instant shown, the currents have
maximum magnitudes at points
(1), (3), and (5). Also, as indicated
by the concentration of the elec-
tric field lines, the difference of
potential or voltage between the
conductors is greatest at these
same points. Thus, in the case il-
lustrated, the voltage and current
waves are in phase.

For most transmission line ap-
plications, this in-phase condition
is desirable. The frequency of the
waves designates the number of
complete waves which pass a given
point each second. Therefore, in
the case of higher frequencies,
more waves pass any given point
each second than those of lower
frequency. The wave velocity is
the same for all frequencies in a
given medium such as a transmis-
sion line, but the higher frequen-
cies have shorter wavelengths.
Thus, with relatively short wave-
lengths, a larger number of high
frequency waves can pass a given
point each second, even though
their velocity is the same as the
lower frequency waves.

When electromagnetic energy
waves are traveling in free space,
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their wavelength is given by the
expression:

N e
f
where:
A = wavelength in meters

f = frequency in cycles per second

¢ = velocity of light in vacuum
(approximately 300,000,000
meters per second).

However, in any other medium,
such as a transmission line, the
velocity v of electromagnetic
waves is less than the free space
velocity c. Thus for waves of the
same frequency f, the wavelength
N\ in a transmission line for exam-
ple is given by,

4

A
These equations can be rear-
ranged to read f=c/x and f=v/\'.

Since quantities which are equal
to the same quantity are equal to
each other:

v —
> =

’

>l

and this may be inverted to give:

¥ B

v C

Finally, multiplying both sides by

v gives:
N =<X> A
c

Since v is some positive num-
ber between zero and c, the factor
v/c is always some fraction be-
tween 0 and 1. Therefore, this
last equation shows that the
wave length in the transmission
line is always less than when in
free space.

Nonresonant Lines

When a transmission line is
terminated in a resistive load R,
equal to the characteristic imped-
ance Z, of the line, the current and
voltage waves will remain in phase
for the entire length of the line.
In this respect the line acts as
though it had infinite length, as
indicated in Figure 14A. Of course,
some loss in the line, causes each
succeeding peak of current and
voltage to have less magnitude
than the preceding peak. For ex-
ample, if a voltage indicator is
employed to measure the alter-
nating voltage at various points
along the line, it is found that the
voltage decreases gradually with
distance from the source as shown
by the solid line curve of Figure
14B.

However, all the energy that
finally reaches the end of the line
is completely absorbed by the load.
A transmission line operated in
this manner, that is, terminated
with a resistor R equal to Z,, is
known as a NONRESONANT LINE.
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A hi-low television antenna. Tao effect greatest transfer of energy fram ontennc to receiver,
the impedances of the antenna, transmissian line, and receiver input must be matched.

Resonant Lines and
Standing Waves

A line which is not terminated
by a resistance equal to its char-
acteristic impedance is called a
RESONANT LINE. When the trans-
mitted waves reach the end of a
resonant line, the energy is not
absorbed completely by the load,

Courtesy American Phenclic Corp.

but some is reflected back toward
the source. At any point along the
line, the voltage and current mag-
nitudes are equal to the algebraic
sum of the outgoing and reflected
waves at that point. Because both
waves at any given point move
with the same speed but in oppo-
site directions, the algebraic sum
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of the waves is always the same.
That is, at certain points along
the line, the voltage E and the
current I are minimum at all times,
and midway between these points
E and I rise alternately to maxi-
mum in one direction and then in
the other. As they do not move
along the line, these variations of
E and I along the length of the
line are known as standing
waves.

Figure 15 illustrates two pos-
sible conditions which result in
standing waves. The curves of Fig-
ure 15B show the location of the
standing waves for voltage when
the line of Figure 15A is termi-
nated in a resistance R which is
greater than Z,. Since these curves
are to illustrate only the standing
waves, for simplicity both posi-
tive and negative alternations are
drawn upward on the graph. The
right hand end of the graph indi-
cates the voltage at the load
terminals.

As shown in Figure 15B, when
the voltage at the load terminals
on the right end is greater than
the input voltage on the left hand
end, the load resistance R is
greater than the characteristic
line impedance Z,. In a similar
manner, when the voltage across
the load is less than the input
voltage, as shown in Figure 15C,
the load resistance R is less than
the line impedance Z,.

Standing Wave Ratio

In both Figures 15B and 15C,
the vertical E scale indicates the
voltage standing wave rises to a
maximum of 20 volts, and at the
nodes or minimum points the volt-
age is equal to 5 volts. The ratio
of the maximum to the minimum
voltage is called the standing
wave ratio, abbreviated SWR.
As an equation:

Emax

SWR = .

When the terminating load is
primarily resistive in nature, the
SWR indicates the mismatch be-
tween the line and load imped-
ances. For example, in Figures 15B
and 15C, the SWR =20/5=4.
Thus, for Figure 15B, R=4XZ,,
while for Figure 15C, R=1/4 of
Z,. However, in cases where the
load has an appreciable reactive
component, the standing wave ra-
tio is only a rough approximation
of the impedance mismatch.

Effect of Line Termination

When the outer end of the line
is shorted, as shown in Figure
16A, the standing wave voltage is
minimum and the current maxi-
mum at the shorted end. To indi-
cate this, in Figure 16B, the volt-
age is represented by the solid
line and the current by the dashed
line curves.

At any point along a transmis-
sion line, the impedance Z is equal
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to E/I. In the case of nonresonant
line, the ratio of voltage-to-current
is the same at all points, although
both voltage and current decrease
with distance from the source.
Therefore, in this line, E/I is a
constant equal to the character-
istic impedance Z, at all points
along the line.

In the case of a resonant line,
the ratio E/I varies from point
to point, and therefore, line im-
pedance Z, also varies. For exam-
ple, with the shorted line of Fig-
ure 16A, the voltage is minimum
at the short, and the current max-
imum. Thus, calculated from the
ratio E/I, Z is minimum at the
shorted end. However, as shown
in Figure 16B, at a point located
one-quarter wavelength back from
the shorted end, E is maximum
and I is minimum. Therefore, at
this point on the line, E/I1=2Z is
maximum.

The transmission line of Figure
17A is open at the end, with the
resulting standing wave conditions
shown by the solid line voltage
curve and dashed line current
curve in Figure 17B. In this case,
the current is minimum at the
open end, and the voltage maxi-
mum. Thus, the impedance Z is
maximum at the end of an open
line. At a point one-quarter wave-
length back from the open end of
the line, E is minimum and I maxi-
mum, thus E/I=Z7 is minimum
at this point.

In Figure 18A, the transmission
line is terminated by a capacitive
load, and as shown in Figure 18B,
the voltage at the load is between
the maximum and minimum val-
ues of the standing wave. In fact,
the voltage across C varies in-
versely with its capacitance. As
the capacitance is reduced, the
voltage at the load increases, and
the standing wave moves toward
the left in Figure 18B, thus ap-
proaching the conditions in the
open end line of Figure 17B.

A line terminated by an induc-
tive load and the resulting voltage
standing wave are illustrated in
Figure 19. In this case, the voltage
varies directly with the inductance
of coil L, and has some value be-
tween the maximum and minimum
of the standing wave. As L is de-
creased, the voltage at the load
end of the line decreases also, and
the standing wave shifts toward
the left on the graph to approach
the shorted line conditions of Fig-
ure 16B.

CHARACTERISTICS OF
LINE SECTIONS

Because of the change in im-
pedance produced by the standing
waves along shorted and open
ended transmission lines, as ex-
plained for Figures 16 and 17, dif-
ferent lengths or “sections” of
such lines are employed as various
types of circuit elements in elec-
tron equipment. Such sections
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vary in length, and should not be
confused with the extremely short
“theoretical sections” mentioned
above in connection with Figure
10. As an example, it was men-
tioned that at a point one-quarter
wave from the shorted end of a
line, the impedance Z reaches a

tion of one-quarter wavelength is
the equivalent of a parallel reso-
nant circuit. Like the resonant
circuit, the shorted quarter-wave
section has this very high imped-
ance at a single frequency only,
this frequency being that at which
the line length is equal to a quar-

Where signal losses become excessive in antenna systems vsing long transmission lines, an
amplifier may be placed in the line to increose the signal. This unit provides connections for
both coaxial and twin lead tronsmission lines.

maximum. In fact, if the line losses
are low, this maximum Z is ex-
tremely high.

Since this condition is like that
at the terminals of a parallel reso-
nant circuit, a shorted line sec-

Courtesy Technicol Applionce Corp.

ter-wavelength (14 \) of the signal
applied to the input terminals of
the line.

Such a shorted section is illus-
trated in Figure 20A. Here x and
y are the input terminals, and D
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is the length of the line section.
Thus, as indicated by the arrow,
when ‘looking into” the line at
the input terminals, the imped-
ance which is “seen’” depends upon
the length D relative to one-
quarter wavelength of the signal
applied at x and y. As mentioned,
the impedance seen at x and y is
very high when D is equal to }4 \.

Referring again to Figure 16B,
when the length D of the line sec-
tion is less than 14 A, the imped-
ance Z seen at terminals x and y
of Figure 20A is some value E/I
between maximum and minimum.
Also, in this region, the voltage
standing wave curve is like that at
the extreme right end of the line
in Figure 19. Therefore, at its
input terminals, a shorted section
which is less than 14 A long “‘looks”
like an inductance.

When the shorted section is
greater than !4 \ in length, again
the impedance at its input termi-
nals is between maximum and min-
imum, and the voltage standing
wave is like that at the end of the
line of Figure 18. Thus, at its input
terminals a shorted section with
length D greater than 14 X looks
like a capacitance.

When the length D, Figure 20A,
is equal to one-half wavelength, Z
is minimum, and the section acts
like a series resonant circuit. Simi-
lar equivalent conditions exist in
the case of the open ended line
section of Figure 20B. Here, look-

ing in at terminals x and y the
impedance is very low, nearly zero,
when D is equal to 4 \, therefore,
the line section is equivalent to a
series resonant or a short circuit.
On the other hand, when D is
equal to 14 \, the impedance is
very high, and the section is equiv-
alent to a parallel resonant or an
open circuit. An open section looks
like a capacitance at its input
terminals if its length D is less
than Y{ \, but if D is between 14 A
and 14 \, the input terminals pre-
sent an impedance which looks
like an inductance.

Figure 20C shows a line section
which is terminated by a simple
or complex circuit element of im-
pedance Z which provides condi-
tions other than an open or short
at that end of the line. In this
case, the impedance seen at x and
y depends not only on the length
of the section, but also upon the
nature of Z. For various section
lengths and terminations, Table 1
lists the type and relative magni-
tude of the impedance which is
presented to the signal applied to
the input terminals x and y of the
line sections of Figure 20. The
listed terminations consist of
opens, shorts, and resistances
greater than, equal to, or less
than the characteristic impedance
Z, of the line.

As the table shows, a quarter-
wave section “inverts” the load
impedance such that the opposite
magnitude is presented by the in-
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Length of Line | Terminated in

Less than 14 | Open

R greater than Z,

| R equal to Z,
| R less than Z,
| Short
J78 Open
R greater than Z,
R equal to Z,
R less than Z,
Short
Between 14 A | Open
and 14 A R greater than Z,
R equal to Z,
R less than Z,
Short
2R Open
R greater than Z,
R equal to Z,
R less than Z,
Short

TABLE 1

| With Line Load End |

' Inductance

At Input the Line looks like a

| Capacitance

- Capacitance and resistance in
series

Resistance equal to Z,

Resistance and inductance in
series

Short, or series resonant circuit
Resistance less than Z,
Resistance equal to Z,
Resistance greater than Z,
Open, or parallel resonant circuit

Inductance

Inductance and resistance in se-
ries

Resistance equal to Z,

Capacitance and resistance in
series

Capacitance

| Open
Resistance equal to R
Resistance equal to Z,
Resistance equal to R
Short

put terminals. A half wave section
presents the same impedance at
the input as is provided by the
termination at the load end of the
line. When the termination is a
resistance R greater or less than
Z,, the other sections present in-
put impedance with a reactive
component. In all cases, the input
impedance is Z, when R is equal
to Z,. If a line having length equal

to some multiple of a half wave-
length is added to any of the
above transmission line sections,
the impedance characteristics at
the input terminals are the same
as the input of the original section.

APPLICATIONS OF
LINE SECTIONS

Because of their electrical
equivalence to various circuit ele-
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ments, transmission line sections
are employed wherever the ordi-
nary lumped type elements are
impractical, such as in VHF, UHF,
and SHF equipment. Technically,
these sections could be employed
in lower frequency circuits also,
but are impractical because of
their excessive lengths. Of course,
there is a border line frequency
band in which either the line sec-
tion or lumped type circuit ele-
ments may be used, and the choice
must be determined by other de-
sign factors.

Line sections are employed as
tank circuits in oscillator, ampli-
fier, and converter stages. Also,
they are used as series or parallel
resonant circuits for ‘“tuning out”
or wave trap purposes. A section
may be employed as a transformer
to match the impedance of a source
to that of a load. Other uses in-
clude filters, phase and impedance
converters, switching circuits, in-
sulators, connecting balanced cir-
cuit to unbalanced circuit, and
making standing wave measure-
ments.

DELAY LINES

For any type of transmission
line, it takes a short but definite
time for a given applied signal to
travel from one end of the line to
the other. This fact is made use
of in electron applications in which
it is necessary to delay the signal
by some time interval, and a trans-
mission network used for this pur-

pose is known as a delay line.
Delay lines are employed as part
of pulse generating circuits, for
delaying pulses, and as a means of
obtaining the desired pulse wave-
form. In these applications, usu-
ually the delay time (t,) is on the
order of 10 microseconds or less.

A cutaway view of a concentric transmission cable.

The smoller conductor is mounted in the center of

the larger and is held in ploce by insulating spacers.
The diameter of this coble is 6% inches.

Courtesy Andrew Corporation

As explained previously, unless
a transmission line is terminated
by resistance equal to its char-
acteristic impedance Z,, energy
will be reflected at the load or re-
ceiving end and travel back along
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the line to the sending end. Also,
unless the signal source impedance
is equal to Z,, the reflected energy
will be reflected at the sending end
and travel toward the receiving
end again. For delay lines, reflec-
tion from the receiving or load
end of the line is desirable, and to
prevent distortion of pulse type
reflected signals, this reflecting
end either must be open, shorted,
or terminated in pure resistance

Ri.

The 300 ohm twin lead transmission line is termi-
nated in its characteristic impedance in ihe tele-
vision tuner.

Courtesy Standard Coil Products Co.

The magnitude of the reflected
energy relative to that applied to
the input end of the line may be
expressed in terms of the coeffi-
cient of reflection (K), which is
defined as the ratio of the differ-
ence to the sum of the character-
istic impedance Z, of the line and
the terminating load resistance
R.. That is:

RL _ Zo
RL +Zo'

When the line is shorted at the
load end, R, =0, and K is equal
to —1, all the energy is reflected,
but the reflected signal is inverted,
or shifted in phase by 180°. For
a sine wave signal, this condition
is illustrated in Figure 21A where
the solid sine curve represents the
waves traveling from the input
end of the line toward the load R,
and the dashed curve represents
the reflected waves. The same con-
ditions are shown in Figure 21B
where the signal consists of a series
of rectangular pulses.

When the line is terminated in
resistance less than Z,, the same
phase relations exist as shown in
Figures 21A and 21B, but the re-
flected waves or pulses have less
amplitude. When R =7Z,, all the
energy is transferred to the load
and there is no reflection since
K=0.

When the load consists of re-
sistance greater than Z,, then
some energy is absorbed by R,
and some reflected, but the re-
flected waves or pulses have the
same polarity as before reflection.
That is, reflection at the load oc-
curs without inversion of the sig-
nal. Finally, all the energy is re-
flected without inversion when the
line is open at the load end. Then
R. is equal to infinity, and K is
equal to +1. For pulse signals,
this condition is illustrated in Fig-

ure21C where the reflected (dashed

line) pulses are shown returning
back along the transmission line
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with the same polarity as the in-
coming pulses.

For many applications, an im-
practical length of ordinary trans-
mission line would be required to
obtain the needed delay time t,.
In such cases, it is common prac-
tice to substitute an artificial line
consisting of a series of LC sec-
tions as shown in Figure 22. Here,
each section corresponds to the
sections of a real transmission
line, having series inductance and
shunt capacitance as explained for
Figure 10. Thus, whereas Figure
10 shows how an actual transmis-
sion line is equivalent to a series
of similar RCL networks, Figures
10 and 22 may be compared to
show that an artificial line, con-
taining lumped L and C compo-
nents, is basically like a real line
in which R and G are negligibly
small.

Each section of an artificial line
is composed of an inductance L
and capacitor C connected in the
form of an L-section low-pass filter,
as shown in Figure 23. Since the
characteristic impedance of a line
is equal to the impedance of each
elementary section, the charac-
teristic impedance Z, of the arti-
ficial line of Figure 22 is given by:

L
Z = Vg

when L is the inductance and C
the capacitance of each elemen-
tary section.

The delay time t, required for a
signal impulse to travel from one
end of the line to the other may
be calculated from:

ty = N\/m

where N =the number of LC sec-
tions and L and C again are the
inductance and capacitance of the
section.

However, as described in an ear-
lier lesson on filters, the network
of Figure 22 also operates as a
multi-section low-pass filter, with
a cut-off frequency f. given by:

1
" 7/LC
Thus, all signal frequencies be-
low f, are transmitted with prac-

tically no loss in the line, but all
above f, are sharply attenuated.

f.

When a sine wave voltage of fre-
quency f is impressed on a delay
line, the voltage wave travels down
the line with little attenuation
(with f less than f,), but a phase
shift of angle ©=2xft; occurs
where t, is the delay time. When
the signal consists of a rectangu-
lar pulse like that of Figure 1A,
the pulse appearing at the output
terminals of Figure 22 will have a
sloping leading edge with rise time
t. given by:

t = LIVN x v/IC

where N is the number of elemen-
tary LC sections making up the
artificial delay line and L and C
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A transmitting antenna of the type used in radio
communication. Observe the antenna feed trans-
mission line attached to the tower.

Courtesy Wind Turbine Co.

the inductance and capacitance,
respectively per section. Since the
action of the line in increasing the
rise time t, is undesirable, and a
long delay time tq is desirable, the

ratio tq/t. expresses the figure of
merit for a given delay line. In
general, the best figure of merit
can be realized by using a large
number of sections.

Practical delay lines take two
forms: the artificial line made up
of lumped L and C sections as in
Figure 22, and the ‘‘smooth” type
in which the inductance is pro-
vided by a single continuous wind-
ing covered by a dielectric coating
and an outer metal cover to pro-
vide the capacitance. The con-
struction of the smooth line is
shown in simple pictorial form in
Figure 24A, and its diagrammatic
representation in Figure 24B.

A second type of smooth delay
line is illustrated in Figure 25.
This arrangement is called a bal-
anced line and consists of two
windings wound in opposite direc-
tions and insulated by a dielectric.
Thus part of the inductance is in
each side of the circuit, and the
capacitance exists between the two
insulated windings. For a given
delay time, this type of line has
about one-half the d-c resistance
of a single sided line.

When the required delay time,
maximum permissible pulse rise
time, and required characteristic
impedance are known, the needed
component for an artificial delay
line can be calculated by selecting
some optimum value of N (such
as 10) and employing the equa-
tions given earlier in this lesson.
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In the case of smooth delay lines,
usually the inductance and capaci-
tance are stated in terms of some
unit length such as one foot. Thus,
for these lines, the equations are
still applicable when L =induct-
ance in henrys per foot, C = capaci-
tance in farads per foot, and N =

the length of the line in feet. When
commercial delay lines are em-
ployed, a type having the desired
characteristic impedance is se-
lected, and the required delay time
obtained by using as many units
as necessary.
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IMPORTANT DEFINITIONS

ATTENUATION FRACTION—(p)—The fraction by which the signal
is reduced for each step of an attenuator network.

COEFFICIENT OF REFLECTION—(K)—The ratio of the difference
and the sum of the characteristic and terminating impedance of a
line.

CHARACTERISTIC IMPEDANCE—(Z,) The impedance which a
transmission line has due to its distributed properties of in-
ductance, capacitance, and resistance.

DELAY LINE—A section of real or artificial transmission line, the
purpose of which is to delay a given signal by some desired inter-
val of time (t,).

FALL TIME—(t)—The interval of time required for a voltage or
current pulse to decrease from 909, of its maximum value to 109,
of maximum.

FLAT TOP—The portion of a pulse which exists during the interval
between the rising front and descending back.

LEADING EDGE—The portion of a pulse during the interval in
which it is increasing from minimum to maximum. The rising
front.

RISE TIME—(t,)—The interval of time required for a voltage or
current to increase from 109}, to 909, of its maximum.

STANDING WAVES—Stationary waves formed on a transmission
line due to the addition of the incident and reflected waves.

STANDING WAVE RATIO—(SWR)—Ratio of peak to minimum
voltages along a mismatched line.

SURGE IMPEDANCE—See characteristic impedance.

TRAILING EDGE—The portion of a pulse during the interval in
which it is decreasing from maximum to minimum.

TRANSMISSION LINE—A set of conductors employed to transmit
signal energy or current from one point to another.
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proper picture tube sweep voltages.

Courtesy General Electric Co.
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PULSE GENERATORS

In television receiving and
transmitting equipment, indus-
trial instrumentation and control,
and in certain instruments em-
ployed for making measurements
of nuclear radiation, signal volt-
ages of the pulse type are needed
to provide proper circuit opera-
tion. Usually these pulses require
a certain desired amplitude, dura-
tion, wave-form, some definite fre-
quency of recurrence, or some par-
ticular timerelationship with other
signals in the same unit.

Electron circuit elements em-
ployed to generate these discon-
tinuous or pulse type signals are
known as pulse generators. Be-
cause their frequency can be con-
trolled by a relatively low ampli-
tude pulse applied to their input,
pulse generators also are known
as TRIGGER circuits.

Any electron tube circuit may
be said to be in a stable state
when the plate current or voltage
remains constant, regardless of
changes of voltages on the other
electrodes, until the proper trig-
ger pulse is applied. The constant
plate voltage or current may have
some specific d-c value, or it may
be zero. Due to their circuit ar-
rangement, pulse generators fall
into the following three categories:

(1) circuits which have no abso-
lutely stable state, but which os-
cillate continually between two

temporarily stable states, regard-
less of whether triggering pulses
are applied or not.

(2) those which can be made to
pass back and forth between two
stable states by the application of
suitable triggering signals,

(3) those with one stable state
in which they remain until a trig-
gering signal causes them to pass
into a temporary stable state in
which they remain for a specific
period of time and then return
spontaneously to the original
state.

RELAXATION
OSCILLATORS

The first of the threelisted types
of pulse generators comprises a
group of circuits known as relax-
ation oscillators. Unlike the si-
nusoidal oscillator, the operation
of the relaxation oscillator is de-
pendent partly upon the nature of
the electron emission from the
cathode of the tube, and there-
fore, its frequency of oscillation is
not as stable as that of the sinus-
oidal type. However, the relaxa-
tion oscillator forms a source of
pulse signals of relatively large
amplitude, and may be employed
as a free-running generator, or
when a constant frequency is re-
quired, synchronized by means of
some available periodic signal. In
fact, the relaxation oscillator may
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be employed as a source of volt-
age pulses of some desired wave-
form, which have a frequency that
is a submultiple of the frequency
of an applied trigger signal. When
so used, the oscillator is called a
FREQUENCY DIVIDER.

The most common types of re-
laxation oscillators are: (1) the gas-
filled arc tube; (2) the blocking
oscillator; and, (3) the multivi-
brator. The multivibrator con-
tains two tubes which are called
the SCALING COUPLE when used
for frequency dividing. All three
types of relaxation oscillators are
used in a number of practical ap-
plications. However, only their
most basic function of producing
voltage pulses is described in this
lesson. In each case, the complete
oscillator circuit contains one or
more RC circuits which control
the frequency of oscillation. For
this reason, the basic action in
RC networks will be reviewed
briefly before the various oscilla-
tors are considered.

RC CIRCUITS

In the simple RC circuit of Fig-
ure 1A the direct voltage E of the
battery is applied to resistor R
and capacitor C in series when
switch S is thrown to the position
shown. Under these conditions, a
flow of electrons in the direction
of the arrows takes place until the
capacitor is charged to a voltage
E. equal to E and with the polar-
ity as indicated.

This charging action requires a
period of time proportional to the
resistance of R and capacitance
of C, and occurs at an exponential
rate such that during a time T =
RC, the capacitor charge is in-
creased by 63.29, of the total
change that can occur. Each time
constant T, in seconds, is the
product of resistance R in ohms
and capacitance C in farads, or R
in megohms and C in microfarads.

The curve in Figure 1B shows
the changes of the capacitor charg-
ing rate over a period of time
equal to 5T. Here, in per cent of
the applied voltage E, the capaci-
tor voltage E. is plotted against
time in time constants. Assuming
C is discharged completely at the
beginning of the action, E, is equal
to 63.29, of E one time constant
after the switch is closed. At the
end of two time constants, E, is
86.59, of E, 959, after three, about
989, after four time constants,
and 999, of E at the end of the
fifth time constant. Thus, for prac-
tical purposes, the capacitor
charges completely in a period of
time equal to 5T or 5RC.

Any time after the capacitor
has charged to some given voltage
E¢, when the switch S of Figure
1A is thrown to the up position,
the battery is disconnected and
the active circuit is as shown in
Figure 1C. Here, the charge Ec is
the only voltage source in the cir-
cuit, and electrons flow in the di-
rection of the arrows to leave the
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negative plate of C and enter the
positive plate, thus discharging
the capacitor. As shown by the
curve of Figure 1D, the capacitor
is discharged down by 63.29, to
36.89 of its initial charge E., dur-
ing the first time constant. Dur-
ing the following four time con-
stants, E. decreases to 13.5, 5.0,
1.8, and 0.7 per cent, respectively,
of its initial charge. Therefore, the
capacitor may be said to discharge
completely after a period equal to
5T, or 5RC.

For the action of Figures 1C
and 1D, the voltage E represents
the charge on the capacitor plates
at the instant the switch is thrown
to the position shown in Figure
1C. Thus, E; may be equal to or
less than the battery voltage E,
depending upon how long the
switch was left in the position of
Figure 1A. For example, if switch
S is set to connect the battery for
a period equal to 2T, and then set
to discharge the capacitor, the in-
itial capacitor voltage E; is equal
to 86.59, of E at the beginning of
the discharge action. After one
time constant, the capacitor volt-
age will have reduced to 36.89, of
86.59% of E, or to about 31.89,
of E 1.

To draw the complete charging
curve of Figure 1B, it was as-
sumed that capacitor C was com-
pletely discharged to begin with.
However, in a practical electron
circuit, a capacitor has some in-
itial charge, and then is charged

or discharged further due to a
change in the applied voltage. For
such cases, the curves of Figures
1B and 1D represent the way in
which the capacitor voltage
changes from a lower to a higher
value, or from a higher to a lower
voltage.

For example, when circuit con-
ditions are such that a capacitor
has a voltage E. equal to the
applied voltage E,, neither a charge
nor discharge of the capacitor takes
place. However, if E, is increased
suddenly, the capacitor will begin
charging toward this new higher
value. The total change of capaci-
tor voltage which can occur is the
difference between the new value
of E, and the original value of E.,
and can be expressed as E,—E..
If the difference between E, and
E. is E, then the curve of Figure
1B shows how the capacitor volt-
age E. increases during a period
of five time constants after the
sudden increase of E,.

On the other hand, if with E,
equal to an applied voltage E, as
above, E, is reduced suddenly, the
capacitor will begin discharging
toward this lower value. The total
change of capacitor voltage which
can occur is the difference between
the original capacitor voltage E.
and the new applied voltage E,,
expressed as E.—E,. When the
RC circuit is shorted as in Figure
1C, the curve of Figure 1D shows
how E, reduces to zero.
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However, if E.~E,=E; (the
total change which can occur),
then the curve shows how the
capacitor voltage E. decreases
during a period of 5T seconds after
the sudden decrease of E,.

the incident electron both move
away and leave the influence of a
bombarded atom, which then is
known as an 10N. Since the atom,
or ion, is left with a deficiency of
negative charge, or an excess of

The relaxation type oscillator ysed in the oscilloscope supplies the necessary pulse voltage
used for horizontal defiection of the cathode ray tube electron beam.

GAS-FILLED TUBES

In every electron tube, when
moving under the influence of an
electric or magnetic field, electrons
collide with atoms or molecules of
whatever gas the tube contains.
Those electrons which are moving
with high speeds may have suffi-
cient energy to dislodge shell elec-
trons upon collision with the gas
atoms. The dislodged electron and

Courtesy Radio Corporation of America

positive charge, it is called a posi-
tive ion. Occasionally, neutral
atoms collect or capture free elec-
trons to become negative ions be-
cause of the excess of negative
charge which they then have. This
action of forming ions when atoms
are bombarded by elementary par-
ticles such as electrons is known
as ionization.

In the various types of high-
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vacuum tubes, ionization is un-
desirable, and very little occurs
because of the very low gas den-
sity in such tubes. With low den-
sity, the molecules are far apart
and the probability is small that
a given electron will collide with
many molecules, if any. However,
certain tube types known as ‘““‘gas-
filled” tubes depend upon ioniza-
tion for their proper operation,
and in these tubes the gas density
is relatively high. Depending upon
their mode of operation, gas-filled
tubes are classed as glow tubes
and arc tubes. With regard to elec-
trodes employed, the most com-
mon gas-filled tubes are those hav-
ing diode and triode structures,
and the ionizing medium used is
mercury vapor or an inert gas
such as neon, argon, or xenon.

Gas-Filled Diodes

Figure 2 shows a circuit for
applying a voltage across the elec-
trodes of the gas-filled diode D..
Here, battery B and potentiome-
ter P form the voltage supply,
with the slider on P as the posi-
tive terminal. Although the two
electrodes may have different sizes
and shapes, in the symbol of tube
D, the lower one is designated the
cathode because it is connected
through current meter M, to the
voltage supply negative, and the
upper one the anode because of its
connection through Ry to the sup-
ply positive. Voltmeter V indicates
the voltage across D, at any in-

stant, and resistance R limits
the circuit current.

The dot inside the tube symbol
envelope indicates that the diode
is gas-filled, and since no heater
is indicated, it is known as the
COLD-CATHODE DIODE type. This
type of cathode does not provide
electrons by thermionic emission,
and conduction of current by the
tube depends entirely upon other
sources of electrons. If the gas or
vapor contained no ions at all, it
would be a perfect insulator, and
there would be no conduction by
the tube. However, no gas is abso-
lutely ion free, because ionization
is produced by cosmic rays, radia-
tion from radioactive materials in
the walls of containers, and by
electrons freed from the walls by
photoemission.

In the circuit of Figure 2, the
voltage applied to the diode is
zero when the slider is set at the
“~" end of P. With zero applied
voltage, as many ions of a given
polarity reach one electrode of D,
as reach the other. As the slider
is moved toward the “+” end of
P, the anode of D, is made positive
with respect to the cathode, and
the dislodged electrons move to
the anode while the positive ions
move to the negative cathode.

When the electrons reach the
anode, they flow through the ex-
ternal circuit toward the supply
positive. When the positive ions
reach the cathode, they neutralize
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themselves by collecting free elec-
trons from the cathode surface.
To replace these, other electrons
leave the supply negative and flow
toward the diode cathode.

Thus, the migration of electrons
and ions inside the tube results in
the effect of current in the gas
from cathode to anode, and an
equal current is produced in the
external circuit from the anode to
the cathode. That is, due to ioni-
zation in the gas, the tube be-
comes a conductor when a voltage
is applied across its electrodes.

The current meter M measures
the circuit current which depends
upon the rate of production of
ions by the above mentioned
causes, and upon the rate at which
they are ‘‘swept away” by the
applied voltage. Figure 3 shows
the current-voltage characteristic
curve of tube D, of Figure 2. As
the applied voltage, measured by
meter V, is increased from zero,
more and more ions are attracted
by the electrodes of the tube to
produce the rise in current as
shown between points O and A on
the curve. At point A, the voltage
across the tube is such that all
ions produced are swept out of
the gas as soon as they are formed.
This situation is called saturation,
and thus there is no increase in
circuit current as the voltage is
raised from its value to A to that
at point B. Usually on the order
of a few microamperes, this small
current produces no appreciable

radiation of light or other electro-
magnetic energy and is termed the
DARK CURRENT.

As the applied voltage is In-
creased above point B, the electric
field accelerates some of the free
electrons in the gas to a velocity
which permits them to produce
more ions as a result of collisions
with gas atoms. Thus, at voltages
higher than that of point B, Fig-
ure 3, this additional means of
ionization causes the current to
increase again. Point B, at which
this action starts, is called the
IGNITION VOLTAGE.

Increasing the voltage to point
C, still other sources of positive
ions and free electrons are added,
because the electric field between
electrodes now has sufficient
strength to accelerate the rela-
tively heavy positive ions to a
velocity great enough to cause ion-
ization of any gas molecules with
which they collide. In addition,
the fast moving positive ions bom-
bard the cathode with sufficient
force to cause ejection of electrons
from its surface. Thus, freed by
these two means, the electrons are
attracted toward the anode, and
on their way produce more ioniza-
tion in the tube.

As a result, the current begins
to rise abruptly without further
increase of voltage across the tube.
Just before this rapid rise, point C
indicates the THRESHOLD CURRENT
of about two microamperes and
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An inert gos thyratron of the type used in elec-
tronic control opplications.

Courtesy Westinghouse Electric Corp.

also BREAKDOWN VOLTAGE. The
heavy current produces a large
voltage drop across limiting re-
sistor R, and the voltage across
the tube drops to point D. As
shown between D and E, the cur-
rent increases by a large amount
with only slight changes of volt-
age. In this region, the current
range may be as great as 50 ma.
i

or more, and the ionization is ac-
companied by radiation of electro-
magnetic energy. Due to the vis-
ible portion of this energy, the
action is called GLOW DISCHARGE.

Beyond point E, greater in-
creases of voltage are required to
cause the current to increase.
However, when the voltage reaches
F, a large number of positive ions
form a cloud around the cathode
which is called the SPACE CHARGE.
The strong positive electric field
of the space charge pulls many
electrons out of the cathode so
that the tube conducts current
much the same as if it had an
indirectly heated cathode.

Hence, the voltage drop across
the tube decreases suddenly to
point G, and then decreases grad-
ually with current rise, as shown
by the portion of the curve be-
tween G and H. At this stage, if
it were not limited by resistor Ry,
the current would rise until it
destroyed the tube.

In the region from B to F, the
operation is characterized by rela-
tively low current with high volt-
age drop across the tube, and it
is called a GLOW DISCHARGE. In the
region beyond point G, the opera-
tion is characterized by high cur-
rent and low voltage drop, and the
discharge is called an ARc. Thus,
the various glow and arc tubes are
distinguished by the different por-
tions of this characteristic curve
in which they operate. However,
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a tube designed for practical use
as a glow tube ordinarily cannot
be employed as an arc tube simply
by increasing the applied voltage
until an arc occurs. The ion bom-
bardment of the glow tube will
raise the temperature to a point
which will destroy the solid cath-
ode. That is, practical cold-cathode
type arc tubes must contain cath-
odes designed to withstand the
ion bombardment.

In hot-cathode arc tubes, a
heater element is employed to heat
the cathode to provide thermionic
emission, as in the high-vacuum
tubes. In this case, mercury vapor
or certain inert gases are used
which permit ionization at applied
potentials lower than that at
which positive-ion velocity be-
comes so high as to deactivate or
destroy coated cathodes. This
“disintegration voltage” usually
lies within the range from 20 to
25 volts. Such tubes will pass cur-
rents which exceed the cathode
emission considerably, provided
the very heavy currents last for
time intervals too short to cause
excessive cathode temperature.

Triode Arc Tubes

A grid serves as a convenient
means of controlling the operation
of hot-cathode arc tubes. Acting
as a shield between the cathode
and anode, the grid prevents cath-
ode emitted electrons from enter-
ing the accelerating electric field
between the grid and anode. Then,

with specific potentials applied to
the electrodes, the ionization of
the gas cannot occur until elec-
trons pass through the openings
in the grid and are accelerated to-
ward the anode. However, the
presence of only a few electrons in
the grid-anode space serve to
“fire” the tube.

A negative operating voltage ap-
plied to the grid aids in preven-
tion of firing, however the grid
structure is important also. In
fact, by proper design of electrode
shape and spacing, the grid can
shield the cathode so completely
that a positive voltage must be
applied to the grid to start the
arc. Hence, there are positive-grid
as well as negative-grid arc tubes.

In general, any grid-controlled,
hot-cathode arc tube is known as
a thyratron. The construction of
a negative-grid type thyratron is
shown in the cutaway view of Fig-
ure 4. Here, the cylindrical grid
surrounds both the cathode and
anode between which is supported
the circular disk called the grid
baffle. The baffle is part of the
grid, and contains a central hole
which provides the only path by
which electrons can move from
the cathode to the anode.

In use, a negative bias is applied
to the grid of a tube like that of
Figure 4 to prevent the tube from
firing until the anode voltage has
been increased to some definite
positive potential. However, the
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anode potential required to pro-
duce ionization of the gas or vapor
depends not only upon the grid
bias, but, in the case of mercury
vapor tubes, also on the tempera-
ture of the condensed vapor. For
the tube of Figure 4, the curves of
Figure 5 show the anode voltages
required to fire the tube at vari-
ous grid voltages, when the mer-
cury vapor has temperatures of
40° and 80° centigrade.

Once the tube has fired, a cloud
of positive ions forms around the
negative grid. Called an 10N
SHEATH, this cloud destroys the
ability of the negative grid to hold
back electrons from the cathode,
and therefore, the grid loses con-
trol of the electron stream, and
except under unique conditions,
this control cannot be regained
except by reducing the anode volt-
age. That is, once the vapor or
gas has ionized and the tube is
conducting, conduction cannot be
stopped merely by making the
grid more negative. Exceptions
occur where the grid is con-
structed with small openings, or
where the external circuit com-
ponents limit the anode current
to small values.

THYRATRON PULSE
GENERATOR

One application of a negative-
grid thyratron for the generation
of pulse voltages is illustrated by
the circuit diagram of Figure 6.
Here, the anode is adjusted to

the desired operating voltage by
means of variable resistor R;, and
the negative voltage E.., supplied
to the grid through series resistor
R,, serves as the bias.

In operation, the B supply volt-
age is applied to R;, Ry, and C; in
series as shown, and capacitor C,
charges as indicated by the curve
of Figure 1B. Also, the B+ voltage
is applied to the series circuit con-
sisting of R, Ry, Rs, C,, and R,.
Resistors R, and R; are small, and
therefore, in effect this circuit is
a capacitance equal to the total
of C, and C,, in series with a re-
sistance equal to the sum of R,
and R;. Thus, like C,, C, charges
at an exponential rate also, and
both charge with their upper
plates positive with respect to
the lower plates in Figure 6.

Since the lower plate of C, is
connected to the cathode of V,,
and the upper plate connects
through R; to the anode, the volt-
age across the tube from cathode
to anode is the same as that across
C,. Thus, with a fixed, negative
voltage on the grid, the anode
voltage of thyratron V, rises grad-
ually as capacitor C, charges. Dur-
ing this time, the tube is held non-
conductive by the negative bias,
but when the anode voltage
reaches the breakdown potential,
the tube fires to become a low-
resistance path for current.

With V, conductive, C; dis-
charges quickly through the rela-
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The gas filled thyratron employed in this spot-welding controller regulates the high current,
short duration pulses needed.

Caurtesy Generai Electric Co.

tively low resistance of R; and V, through the low resistance of R,
in series. Also, C, discharges and V, in series. Because of the
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low resistances in the discharge
circuits, the respective time con-
stants are short, and both capaci-
tors quickly discharge to low po-
tentials.

As the voltage across C, re-
duces, the difference of potential
applied between the anode and
cathode of V, is decreased, and
finally becomes too small to sus-
tain the arc. When this condition
is reached, the gas deionizes sud-
denly, and the tube stops con-
ducting. With the tube noncon-
ductive, the capacitors can dis-
charge no further, and therefore,
charge again through R, and R..
This entire action continues to
repeat itself so long as the various
operating voltages are applied.

Since the discharge current of
C, is carried by R.,, a voltage drop
appears across it during the dis-
charge period. Capacitor C, is con-
siderably larger than C,, although
R, and R; are equal. Therefore,
the discharge time constant of the
C.ViR; circuit is longer than that
of the C.R.V, circuit, and the
slower discharge of C, keeps V,
conductive until C; is discharged
completely. Because of this ar-
rangement, the voltage pulses
across R, have the form shown as
E..

THE BLOCKING
OSCILLATOR

In the schematic diagram of the
blocking oscillator shown in Figure
7A, transformer primary L, is in

series with the plate of tube V,,
while capacitor C, and resistor R,
are in series across transformer
secondary L.. One end of R, and L,
and the tube cathode are grounded,
while the tube grid connects to
point X or junction between C,
and R..

Pulse Production

When the plate voltage supply
circuit is closed, an initial surge
of tube plate current occurs in
transformer primary L,. Due to
their inductive coupling, this surge
of primary current induces a volt-
age in the secondary L,. Impressed
across C, and R, in series, the
secondary voltage charges capaci-
tor C, and, due to the resulting
displacement current, the voltage
drop across R, drives the tube
grid positive with respect to the
cathode.

The positive grid voltage causes
a further increase of plate current
and the action continues to the
point of plate current saturation.
Since no further increase of plate
current is possible, the induced
secondary voltage dies out and
capacitor C, begins to discharge
through R, and L.. At this time,
the displacement current is oppo-
site in direction to that during
the charging interval, and there-
fore, the polarity of the voltage
drop across R, is reversed so that
the grid is driven negative.

This grid voltage change reduces
the plate current which induces a
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comparatively high voltage surge
in secondary L,. This voltage po-
larity is opposite to that induced
by an increase of plate current,
therefore the resulting current in
R, produces a voltage drop which
drives the grid negative beyond
plate current cutoff. With zero
plate current, the induced voltage
across L, dies out, and the capaci-
tor continues to discharge. How-
ever, as C, discharges, the dis-
placement current decreases grad-
ually, and the negative voltage on
the grid is reduced until the tube
becomes conductive again, the
plate current increases, and the
entire cycle repeats.

In Figure 7B, the curve indi-
cates the voltage wave-form at
the grid of tube V, in Figure 7A,
due to the action described. This
wave-form is the voltage drop
across resistor R, produced by
alternate charging and discharg-
ing of capacitor C,. Thus, by em-
ploying the grid and cathode as
output terminals, the blocking os-
cillator provides the indicated
voltage pulse output.

Circuit Action Details

To follow the blocking oscillator
action closely, the tube and trans-
former primary of Figure 7A have
been removed to provide the sim-
plified schematic of Figure 8A.
When the plate current is increas-
ing, the expanding lines of the
magnetic field around the primary
induce a voltage in the secondary,

and the polarities of the voltage
across L,, C,, and R, are as indi-
cated. At point X, no difference
of potential exists between the
capacitor and resistor. The plus
and minus signs indicate that point
X is positive with respect to
ground and negative with respect
to the positive plate of C,.

In Figure 7A, the cathode of V,
is at ground potential, and the
grid is connected to point X.
Therefore, with the polarities
shown in Figure 8A, the grid is
positive with respect to the cath-
ode by a voltage Eg,. The positive
grid causes a more rapid rise of
plate current thereby inducing a
greater voltage E,, which in turn
increases the current in the cir-
cuit and produces a still higher
grid voltage Eg,. This cumulative
feedback action drives the grid of
V. to a positive potential which
causes plate current saturation.

During the period the grid is
positive, a cathode to grid electron
flow takes place so that capacitor
C, actually charges through both
V,: and R, as shown in Figure 8B.
The arrows indicate the direction
of electron flow, and the combina-
tion of V, and R, in parallel is in
series with C,. In fact, with the
grid positive, the grid-cathode re-
sistance R,y is so low compared
to R, that practically all of the
electron flow is through the tube
rather than through R, and the
charging rate of capacitor C, de-
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pends mainly on the shorter time
constant R,,C,.

To provide a close comparison
between grid voltage and plate
current, in Figure 9A a slightly
modified copy of the curve of Fig-
ure 7B is drawn below the I, —E.
characteristic curve of tube V,,
and various points are numbered
in time-sequence for one complete
cycle.

ing current dies down thereby re-
ducing the voltage drop across R,
and R,.. Since this drop consti-
tutes the grid voltage for tube V,,
it is shown by the declining curve
between points 2 and 3. After the
decreasing grid voltage reaches the
saturation point “m” on the I,-E.
curve, a further decrease of E,
results in a decrease of plate cur-
rent.

This pulse generator provides signals for test purposes. Note that separate controls vory the
width and amplitude of the pulses.

As described so far, the positive
swing of grid voltage is shown be-
tween points 1 and 2 on the E,
curve of Figure 9A. As capacitor
C. continues to charge, the charg-

Courtesy General Radio Co.

The decreasing plate current
causes a collapse of the magnetic
field around coil L,, Figure 7A, so
that the lines of force again cut
the turns of L,. Under these con-
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ditions a voltage E’., is induced
in L,, and has the polarity indi-
cated in Figure 9B. Capacitor C,
has been charged to Ec, and thus,
for an instant, the circuit con-
tains two sources of emf, E’y, and
Ec,.

In Figure 9C, this circuit has
been rearranged to show more
clearly that the two voltages E’y,
and Ec, are series aiding and ap-
plied across R,. The voltage drop
Er, is now equal to E’y, plus E¢,.
Also, point X is negative with
respect to ground, and since the
grid voltage is equal to Eg,, the
grid of the tube instantly becomes
highly negative. This polarity re-
versal of grid voltage is shown
between points 3 and 4, Figure 9A.

During this negative swing, as
soon as E, reaches cutoff, the
plate current is reduced to zero,
thereby causing a rapid collapse
of the L, magnetic field and a large
induced voltage E’y,. This voltage
added to Ec, results in a momen-
tary overshoot of negative grid
voltage, which quickly decreases
to the value indicated at point 5.
If the transformer Q is too high,
some oscillation may occur during
the part of the cycle between
points 4 and 5.

With the grid of the tube driven
negative beyond cutoff, there is
no plate current in transformer
primary L,;, and no induced volt-
age in secondary L,. Under these
conditions, with no other source

of voltage in the circuit of Figure
9C, capacitor C, discharges through
resistor R, and the d-c resistance
of coil L, which is shown as Ry, in
the rearranged circuit of Figure
9D.

During this portion of the cycle,
point X is negative with respect
to ground, therefore, the grid-
cathode resistance of the tube is
so high that its shunting effect
across R, is negligible. Also, the
resistance of coil L, is low com-
pared to that of R, so that the
discharge rate depends upon the
time constant R,C.. Thus, as in-
dicated on the Ec¢ curve of Figure
9A, the discharge rate, shown be-
tween points 5 and 6, is of longer
duration than the discharge rate
shown between points 2 and 3.

Starting at point 5, the drop
across resistor R, is equal to the
capacitor voltage Ec,. As the dis-
charge continues, the displacement
current becomes smaller and the
drop across R, reduces until, at
point 6, it is equal to the tube
cutoff E.. Finally, at the instant
Egr, becomes less than E,, plate
current is re-established and the
cycle repeats.

The interval between points 5
and 6 represents the time taken
for C, to discharge through R,
sufficiently to allow another cycle
to begin, and it depends upon the
time constant R,C,. Therefore,
varying either of these compo-
nents results in a change of oscil-
lation frequency.
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A four elecirode inert gcs tube that is used in pulse
circuit applications.

Courtesy Chatham Electronics Co.

Frequency Control

In a blocking oscillator circuit,
the frequency of oscillation de-
pends upon the grid circuit re-
sistor and capacitor, as mentioned,
and upon the electric properties of
the transformer. In the circuit of
Figure 7A for example, either R,
or C, may be made variable to
permit manual adjustment of fre-

quency. Also, triggering pulses
may be applied to the grid of the
blocking oscillator tube to cause
the circuit to oscillate in exact
synchronism with the incoming
pulses. Known also as sYNC pulses,
these are applied with positive
polarity to initiate conduction of
the tube shortly before conduc-
tion would start due to the natural
or free-running action of the cir-
cuit,

To show this triggering action,
several cycles of the blocking os-
cillator grid voltage wave-form are
drawn in Figure 10A. Here, the
solid-line curve indicates the ac-
tual grid voltage variations as con-
trolled by the sync pulses, while
the dashed-line curves indicate
that each cycle would begin some-
what later if the oscillator were
allowed to operate at its free-
running frequency. At the natural
or free-running frequency, each
cycle would occupy a time inter-
val T, but at the controlled fre-
quency, each cycle actually occu-
pies a shorter interval T, as indi-
cated. T, is the period from the
beginning of one sync pulse to the
beginning of the next. In this ex-
ample, the sync pulses have rela-
tively small amplitude, and a shape
somewhat like the output E, in
Figure 6.

When positive ‘“‘sync’ pulses are
impressed on the grid at an in-
stant when the negative bias is
only slightly greater than plate
current cutoff, the positive pulse
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reduces the effective grid bias to
less than cutoff, and thus initiates
a cycle of oscillation. Referring to
Figure 10A, the sync pulses occur
just before the grid voltage curve
crosses the cutoff (co) axis.

If the free-running frequency of
the oscillator is higher than that
of the sync pulses, then Ty will
be shorter than T,. The curve of
Figure 10B illustrates this condi-
tion, and indicates that sync pulse
1 occurs at the proper instant to
initiate a cycle as in Figure 10A.
Due to the shorter interval Ty,
the following free-running cycle
will start before the next sync
pulse arrives and thus sync pulse
2, Figure 10B, cannot reduce the
negative grid bias below cutoff.
Due to their lower frequency, the
synchronizing pulses occur later
and later in the free-running cycles
as shown by numbers 3 and 4, but
their amplitude is not high enough
to initiate a cycle.

Finally, pulse number 5 is able
to start a cycle, but time T, be-
tween it and the start of the pre-
ceding cycle, is shorter than the
natural period Tx of the unsyn-
chronized oscillations. Again the
oscillation runs free for several
cycles, and although not shown in
the Figure, the oscillator would be
tripped by the ninth synchroniz-
ing pulse.

Hence, the blocking oscillator
must be adjusted to a frequency
slightly lower than the desired os-

cillating frequency in order that
the synchronizing pulses will pro-
vide the constant control shown
in Figure 10A. Also, the polarity
of the applied synchronizing pulses
must tend to make the grid swing
positive so that the negative bias
is reduced and plate current is
allowed to start. Proper trigger-
ing action does not occur if nega-
tive pulses are applied to the block-
ing oscillator grid.

THE MULTIVIBRATOR

The type of relaxation oscillator
known as the multivibrator does
not require inductive or trans-
former coupling, but instead de-
pends for its operation upon a
system of positive feedback ob-
tained by RC circuits. Because of
its large number of applications,
the multivibrator has many vari-
ations, but as the general prin-
ciples of operation are alike, the
following explanations of the ac-
tion in the basic circuit will aid in
the understanding of any particu-
lar modification which may be en-
countered.

This basic circuit is practically
the same as that of a resistance
coupled amplifier, and the method
by which the signal is coupled
from one stage to the next com-
prises one of the main principles
of the oscillator operation. For
this reason, the coupling action
will be reviewed briefly before the
explanations of multivibrator ac-
tions are given.
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In a two stage resistance cou-
pled amplifier with a circuit like
that of Figure 11, the input signal
voltage K appears across resistor
R, and is applied to control grid
G, of tube V.. Amplified by the
tube, the signal reappears with

Triodes of the minioture type ore used in o block-
ing oscillotor circuits.

Courtesy Sylvonio Electric Co.

greater magnitude across plate
load resistor R1,. Coupled by C,
and R., the amplified signal is im-
pressed on control grid G, of tube
V.. Here the signal is amplified
by tube V. and reappears with
still greater magnitude as the out-
put voltage E, across plate load
resistor Ry, Resistors Rk, and
Rk, bypassed by capacitors Ck,

and Cx, provide the necessary grid
bias.

To follow the action in detail,
first consider only the part of the
E; input voltage cycle that swings
grid G, positive. This positive
swing Increases the plate current
in V,, and with a constant B+
supply, the resulting added volt-
age drop across R, reduces the
positive potential on the plate P,.

As shown by the partial circuit
of Figure 12, in which resistor Ry,
is omitted, the V, plate voltage
Ep, is applied across C, and R, in
series. Thus, with d-c plate volt-
age but no signal C, is charged to
the potential of P, so that E¢,=
Ep,. When the signal on the grid
of V, swings positive, the increase
in plate current decreases the plate
voltage, and C, discharges to a
lower voltage.

In order for C, to discharge,
electrons must leave its lower ““ —”’
plate and be added to the upper
“+” plate. The path of this elec-
tron movement is from the lower
plate, down through R, to ground
and up through Rk, and V, to the
upper plate. The direction of this
electron flow develops a voltage
drop across R,, the polarity of
which causes the C, end of it to
become negative with respect to
ground.

Voltage Er, makes the grid of
V. more negative since, as shown
in Figure 11, G; is connected to
the C, end of R,. The negative
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swing of G; decreases the plate
current of V,, and thus reduces
the voltage across the load re-
sistor Ry,,. With less voltage across
R.,, the V, plate voltage rises to
cause a positive swing of the out-
put signal E,. Thus, so far as
phase relations are concerned, a
positive swing of E, is caused by
a positive swing of the input sig-
nal E].

Considering now the portion of
the E; input voltage cycle that
swings G, negative, the V, plate
current is reduced, the drop across
R, decreases and the plate volt-
age Ep, rises. Referring to Figure
12, for C, to charge up to a higher
E:,, electrons must flow from
ground up through R, to the bot-
tom plate of C,. This movement
causes the C, end of R; to be posi-
tive with respect to ground, and
this positive signal applied to the
grid of V,, Figure 11, increases the
V. plate current. The increased
voltage across R, makes plate
voltage Ep, or E, less positive,
that is it swings in a negative
direction.

Thus, the charge and discharge
action of the capacitor in the C|R,
circuit causes the signal to be cou-
pled from the plate circuit of V,
to the grid circuit of V.. Note that
the charge on C,, Figure 12, does
not change polarity at any time,
but the voltage across it alter-
nately increases and decreases
with the charge and discharge.

The second important point is
that a positive swing of the grid
of either tube results in a nega-
tive swing of the plate of the same
tube, while a negative grid swing
results in a positive plate swing.

The Basic
Multivibrator Circuit

Except for some rearrangement
of the diagram, the multivibrator
circuit of Figure 13 is basically
the two stage amplifier of Figure
11. The only changes are the omis-
sion of the cathode circuit com-
ponents and addition of capacitor
C, to couple the plate of V, to
the grid of V,.

Slight variations in the emission
properties of the cathodes, the
plate resistances of the tubes as
well as circuit components cause
changes or differences of current
and voltage to occur quite readily
so that any practical multivibra-
tor begins to oscillate the instant
the plate voltage is applied. There-
fore, for the following explana-
tions, assume the circuit is In
operation and the discharge cur-
rents of the coupling capacitor al-
ternately drive the tube grids neg-
ative beyond plate current cutoff.

During one part of the oscilla-
tory cycle, tube V, is held cutoff
while V, is conducting. This tem-
porarily stable state exists until
the negative bias on the V, grid
has reduced sufficiently to allow
plate current. The V, plate cur-



Page 22

Pulse Generators

A double pulse generator which supplies either single or paired pulses. The pulses ore
individually variable in width, amplitude, and spacing.

Courtesy Berkeley Scientific Corp.

rent produces a voltage drop across
R;, thereby reducing the potential
at the plate of V,.

With reduced V, plate voltage,
capacitor C, discharges through
resistor R, and the resulting volt-
age drop drives the grid of V,
negative with respect to its cath-
ode. With a negative grid, the
plate current of V, is reduced,
and the resultant rise of plate
voltage causes C, tocharge through
resistor R, and impress a positive
voltage on the grid of tube V..

The positive grid greatly increases
the plate current of V,, causing
its plate voltage to drop lower,
and permit a further discharge of
C.. Carried by resistor R,, this
discharge current causes the grid
of V, to become sufficiently nega-
tive to hold the tube at cutoff for
a period of time while C, is dis-
charging.

By the time the discharge of C,
is nearly completed, the voltage
drop across R, has decreased to
slightly less than cutoff and V,
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becomes conductive. The V. plate
current produces a voltage drop
in Rs, thus causing the V, plate
voltage to decrease. This condi-
tion permits C, to discharge
through R,, making the grid of V,
negative with respect to its cath-
ode.

With a negative grid, the V,
plate current is reduced and the
resulting increase of plate voltage
causes C, to charge through R,,
thereby impressing a positive volt-
age on the grid of V.. With a posi-
tive grid, the V; plate current in-
creases to a comparatively high
value, and the corresponding de-
crease of plate voltage permits
sufficient discharge of C, through
R, to bias V, to cutoff. This con-
dition continues until C, is almost
discharged and the drop across R,
has reduced until slightly less than
cutoff to permit V; to become con-
ductive and begin the next cycle.
Thus, the entire action repeats
itself continually, with V, con-
ducting when V, is cutoff.

The portion of each cycle that
V. is cutoff depends upon the time
constant of R,C;, and the cutoff
time of V, depends upon the time
constant of R.C,. In the circuit of
Figure 13, when V,=V,, C,=C,,
R:=R:, and R;=R,, the grid volt-
ages have the wave-form shown in
Figure 14A, and the plate voltages
have the wave-form of Figure 14B.
However, the V, grid voltage, and
the V, plate voltage are 180° out
of phase with the V; grid and plate

voltage. Either grid or plate volt-
age may be taken as the output
of the circuit, and Figure 13 indi-
cates the connections. Because of
the symmetry of components and
connections used, this circuit out-
put has positive and negative
pulses of equal duration. There-
fore it is called a SYMMETRICAL
MULTIVIBRATOR for obtaining rec-
tangular pulses from the plate of
V.. By employing unequal com-
ponents, narrow or wide output
pulses may be produced as de-
sired. In this case the circuit is
called an ASYMMETRICAL MULTIVI-
BRATOR.

The Cathode
Coupled Multivibrator

Another form of multivibrator
circuit, shown in the diagram of
Figure 15, includes a dual triode
tube V,V,, although separate tubes
may be employed. Here, the plate
of V, is coupled to the grid of V.
by means of capacitor C,, and
there is no capacitive coupling be-
tween the V. plate and V, grid.
The necessary feedback from V,
to V, is obtained by means of the
unbypassed, common cathode re-
sistor R., which carries both plate
currents, any changes of which
result in corresponding variations

in the bias voltage Eg,.

An important point to observe
is that, although Eg, provides the
only d-c bias in the grid-cathode
circuit of V,, the grid-cathode cir-
cuit of V, includes not only R,,
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but also variable resistor R; which
carries the charge and discharge
currents of capacitor C,.. Thus, the
total bias on the grid of V, is
equal to the sum of the voltage
drops across R; and R..

ELECTRY

&

TUBE

The 6SN7 duo-triode is a popular tube for multi-
vibrotor circuits.

Courtesy Radio Corporation of Americo

To understand the oscillator ac-
tion, assume that after cutoff,
tube V, starts to conduct. The re-
sulting drop across Rs decreases
the V, plate voltage and C, dis-
charges through R;. This electron
flow from the negative plate of C,
to ground, makes the upper end
of R; sufficiently negative to drive
the grid of V, to cutoff.

When the discharge of C, is

nearly complete, the voltage across
R; is low enough to permit the
grid to rise above the cutoff poten-
tial and initiate plate current in
V.. The resulting increase of cur-
rent in R, tends to make both
grids negative and reduce both
plate currents. The decrease in V,
plate current results in less drop
across R¢ and R,. The plate volt-
age rises and C, now charges
through R;, causing a positive
voltage to be impressed on the
grid of V..

The resulting heavy conduction
of V, increases the voltage across
R, sufficiently to cutoff V,, but
cannot cutoff V, because the total
bias voltage between its grid and
cathode is positive. This is due to
the fact that R; has more resist-
ance than R, and thus, the posi-
tive voltage across R; is greater
than the negative bias voltage
across R, to make the total volt-
age Eg,—Eg, positive. But, as
mentioned earlier, the drop across
R, is the only bias applied to V,
and consequently cuts this tube
off.

When capacitor C, is charged
almost to the voltage of the V,
plate, the charging current is re-
duced thereby reducing the drop
across R;, and the V, positive grid
voltage. The V, plate current is
reduced, resulting in less bias with
less positive grid voltage across
R,. Finally, Eg, is too small to
maintain cutoff, therefore V, con-
ducts to begin a new cycle. The
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grid and plate voltages of the cir-
cuit of Figure 15 have wave-forms
like those of Figures 14A and 14B,
respectively, and the rectangular
pulse output may be taken from
the plate of V,. As with the circuit
of Figure 13, various components
may be selected to obtain different
output wave-forms.

Multivibrator
Frequency Control

Multivibrators oscillate at some
exact frequency only when a trig-
gering or sync pulses is applied to
the grid of either tube. For exam-
ple, the sync input signal may be
applied across grid resistor Ry, as
indicated in Figure 15. As with
the blocking oscillator, positive
sync pulses will control the multi-
vibrator if they are timed to ar-
rive just before the tube (V, in
this case) begins conduction due
to the natural circuit action. How-
ever, if they have sufficient ampli-
tude, negative pulses may be em-
ployed to drive to cutoff the tube
to which they are applied. An ad-
vantage in the use of such nega-
tive sync pulses is that the circuit
cannot be triggered by signals
with magnitude less than the sync
pulses.

THE ELECTRON
COUPLED OSCILLATOR

Circuits other than relaxation
oscillators may be employed to
generate pulse signals. An exam-
ple is the electron coupled oscil-

lator shown in Figure 16. Here,
transformer T and other circuit
components are connected to the
cathode, control grid, and screen
grid of tube V, to form a Hartley
oscillator circuit. The screen grid
of the tube serves as the anode of
the oscillator to which the plate is
coupled by means of the varying
electron stream.

The lower section of transformer
T carries the oscillator anode
(screen) current in addition to the
plate current. Thus, the complete
anode circuit may be traced from
the cathode through tube V, to
the screen grid, through R; to B +,
through the power supply to
ground, and from ground through
the lower section of transformer T
to the cathode. Resistor R, and
capacitor C, develop grid leak bias

The frequency of the multivibrator may be con-
trolled by placing a variable resistance in the grid
circuit.

Courtesy Ohmite Mfg. Co.

for the control grid. With a small
t/T ratio C;R; maintains a con-
stant screen voltage, and R, serves
as the plate load resistor.
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A front view with door open of the tronsmitter syn-

chronizing signal generotor. Contoined in this unit

ore the oscillotors which generote the pulses needed
for picture transmission.

Courtesy Federol Telecommunicotion Labs.

Changes in screen (anode) cur-
rent result in moving flux lines
which induce a voltage in the upper

part of T. This voltage is coupled
by C, to the control grid of V..
Thus, as with the blocking oscil-
lator, when V, begins to conduct,
the increasing current in T causes
a positive voltage to be applied to
the grid. The positive grid in-
creases anode current further, and
this action continues to plate cur-
rent saturation.

With no further increase of
anode current, the induced grid
voltage dies out, and C; begins to
discharge through R,, making the
grid negative. The negative grid
decreases the screen current, and
the changing flux lines now induce
a negative voltage across the up-
per part of T. This voltage drives
the control grid negative to cutoff.
At this point, since there can be
no further decrease of screen cur-
rent, the induced negative volt-
age dies out, permitting tube V,
to conduct and start another cycle.

The oscillation frequency is de-
termined primarily by the induct-
ance and distributed capacitance
of transformer T. In contrast to
the blocking oscillator, the grid
circuit RC time constant is not
sufficient to cause the oscillator
to block. Therefore, the positive
and negative alternations of grid
voltage are of about equal dura-
tion.

When the circuit of Figure 16
is operating normally, the control
grid voltage variations are suffi-
cient to drive the tube between
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saturation and cutoff, as explained.
Carried by R, the tube plate cur-
rent follows these control grid var-
iations to produce a voltage drop
across R, which has the wave-
form shown in Figure 17A at point

(1) in Figure 16. When applied to
the short time-constant high pass
circuit C;R;, an output at point
(2) consists of narrowed pulses as
shown in Figure 17B.
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IMPORTANT DEFINITIONS

IONIZATION—[igh uh ni ZAY sh’n]—Production of ions due to the
loss of shell electrons from the atoms or molecules of a gas.

MULTIVIBRATOR—A two tube, resistance coupled amplifier with
the output voltage fed back into the input to produce oscillations.

PULSE GENERATORS —Electronic circuit element employed to
generate discontinuous or pulse type signals.

RELAXATION OSCILLATOR—An oscillator the frequency of
which is controlled by the time required for a capacitor to charge
or discharge through a resistor. In some cases, the frequency may
depend upon more than one RC circuit.

THYRATRON—|[THIGH ruh trahn]—A grid-controlled, hot-cathode,
arc discharge tube.
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WAVE SHAPING

For simplicity, many explana-
tions of electron equipment are
given in terms of the circuit action
or response with voltages or cur-
rents having a sine wave-form.
However, such explanations are not
always applicable. In many units,
the input signal consists of many
sine wave voltages; which may have
the same or different amplitude,
frequency, or phase; combined in
some definite wave-form other than
a sine wave. A common example is
the rectangular pulse type of volt-
age described in an earlier lesson.

The usual graphical representa-
tion of the sine wave voltage is
shown in Figure 1A. Here, the
length of the horizontal base line
is made proportional to some given
interval of time, and the distance
above and below this line repre-
sents positive and negative voltage
magnitude. That is, although cross-
sectional lines are not drawn in this
graph, the curve represents the in-
stantaneous amplitude and polar-
ity of the voltage for each and
every instant of time during a
period of two complete cycles.

Rather than seconds or micro-
seconds, often it is convenient to
consider time in periods of one
cycle as indicated by arrow “t.”
Then, any desired point in the
curve can be designated by stating
the elapsed time in terms of peri-
ods or portions of periods.

The same type of voltage-time
graph may be employed to illus-

trate the rectangular wave
shown in Figure 1B. Here, the
theoretically perfect rectangular
voltage rises to its positive peak
instantly and remains at this value
for one-half cycle. Then, the volt-
age switches instantly from the
positive to the negative peak
where it stays for the remainder
of the period, after which it snaps
back to the positive peak again to
begin the next cycle.

TYPES OF WAVE-FORMS

For many applications, explana-
tions of circuit action are simpli-
fied by assuming the wave-form of
Figure 1B. However, in practical
circuits, rectangular or pulse type
voltages do not rise to maximum
and fall to zero instantaneously.
Often, the term ‘‘square wave” is
employed to designate these volt-
age wave-forms, but it does not
mean that when applied to an os-
cilloscope, the voltage will produce
a traced curve with equal vertical
and horizontal dimensions. Actu-
ally, these dimensions cannot be
compared, because the vertical di-
mension represents voltage magni-
tude while the horizontal dimen-
sion represents elapsed time.

In Figure 1B, the curve indicates
a voltage wave in which the posi-
tive and negative alternations have
equal duration, or width. However,
some signals require either posi-
tive or negative alternations of con-
siderably less duration or width.
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In this case, the term positive or
negative pulse is employed to des-
ignate the narrower alternation.
When pulses are spaced equally in
time, they have a constant REPE-
TITION FREQUENCY. In other con-
ditions, the repetition frequency
varies in some definite manner or
else the pulse recurrence is RANDOM
in nature.

Illustrated in Figure 1C, the
sawtooth wave changes voltage
at a constant rate from its peak
of one polarity to its opposite
peak, and then snaps back to the
first polarity peak again to com-
plete the cycle. The gradual change
may occur in the direction from
negative to positive, or from posi-
tive to negative.

In Figure 1C, the first cycle
begins at zero, increases rapidly
to the negative peak from which
the voltage decreases at a steady
rate with time until it returns to
zero, continues at the same rate to
its positive peak, and then rapidly
changes to zero again.

As with rectangular waves, no
practical sawtooth voltage can
change in zero time, and therefore,
the rapid change at the end of each
cycle occupies a short but definite
period. Thus, this portion of the
curve must be drawn with a slight
slant. Generally, it is desirable that
this voltage change occurs in as
short a time as possible and there-
fore, the theoretically ideal saw-
tooth voltage has an absolutely

constant rate of change over the
cycle until the last instant when it
snaps back to the beginning value
again.

A fourth signal employed in elec-
tron equipment is the TRIANGULAR
wAVE of Figure 1D. To emphasize
the wave-form the curve indi-
cates a negative peak at the begin-
ning of the first cycle. The voltage
decreases at a steady rate to zero,
and then increases at the same
rate to its positive peak. Still at
the same rate, the voltage decreases
to zero and increases to the nega-
tive peak for a complete cycle.

Pulse shaping networks are required in the sync.
generator to supply a television camera with the
proper wave forms,

Courtesy Allen B. DuMont Labs,, Inc.

If the change from positive to
negative is reduced in duration, so
as to take less time than negative
to positive change, the wave-form
of Figure 1D becomes the practi-
cal sawtooth voltage described for
Figure 1C. In fact, the perfect tri-
angular voltage itself may be con-
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sidered a special form of the saw-
tooth wave in which the two
changes occupy equal time inter-
vals. Although signal voltages may
have an infinite number of differ-
ent wave-forms, most shapes can
be classed as one, or a combina-
tion, of those shown in Figure 1.

of Figure 2B, the output E, is
developed across coil L.

Briefly reviewing the action of
the RC differentiating circuit, the
applied voltage causes the capaci-
tor to charge and discharge alter-
nately through the resistor, and a

! I !

[ ]

The type of integrotor network used in television receivers to shope the verticol synchroniz-
ing pulse for proper control of the verticol oscillotor.

WAVE SHAPING BY
DIFFERENTIATION

For various circuit applications,
sometimes it is desirable to modify
a given input voltage wave-form
in some specified manner, or to
effect a complete change such that
an entirely different output wave-
form results. When employed for
this purpose, a high pass filter, ex-
plained in a previous lesson, is
called a differentiating net-
work. As illustrated in Figure 2,
circuit A is an RC and circuit B an
RL form of differentiating network.

In both cases the input voltage
E: is applied to the input termi-
nals, and produces a current in the
two components in series. For the
RC circuit of Figure 2A, the in-
stantaneous voltage drop across re-
sistor R forms the output wave E,,
while in the case of the RL circuit

voltage E, is produced across the
resistor by these charge and dis-
charge currents. Except when the
input is a pure sine wave, some
change of wave-form is produced,
depending upon the t/T ratio of
the network. Reviewing briefly, for
this ratio, t is the period of the
input voltage, in seconds and T =
RC. When T is the time in seconds,
R is the resistance in ohms, and C
is the capacitance in farads.

When the input voltage is ap-
plied to the RL differentiating cir-
cuit, the resulting current in the
coil develops a back emf which
affects the instantaneous current
amplitude and results in a wave-
form change. Again this change
depends upon the t/T ratio, where
t is the period of the input wave,
and the time constant is T=L/R
seconds, when L is the inductance
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in henrys and R is the resistance
in ohms.

For different t/T ratios, Figure
3 shows the wave-form changes
which occur when the input volt-
age E, for Figure 2 is a rectangular
wave. To evaluate the changes of
amplitude the curves are started
in the negative alternation of the
cycle. In each case, Figures 3A,
3B, and 3C, the input wave is indi-
cated by the dashed line curve E,,
and the solid line curve E, shows
the output wave-form appearing
across R in Figure 2A or L in
Figure 2B.

For Figure 3A, the t/T ratio is
0.1, and as shown, E, is changed
only slightly from the original rec-
tangular wave-form of E;. When
t =T, that is t/T =1, the output
has the form shown by curve E, in
Figure 3B. Finally, when t is ten
times T, such that t/T =10, an
extreme change is produced as
shown in Figure 3C. Here, E, has
the form of sharp peaks which rise
to approximately twice the height
of E;, and then rapidly drop to
zero within the time of a single
alternation of E;.

When a sawtooth input voltage
E: is applied to a differentiating
circuit the wave-form changes
which occur for different t /T ratios
are shown in Figure 4. As before,
the input E; is indicated by the
dashed line curves, and the solid
line curves indicate the output volt-
age E, for Figures 2A or 2B.

For Figure 4A, t/T' =0.1 and E,
follows the input wave so closely
that the two curves cannot be sepa-
rated. When t/T =1, there is some
curvature produced in the sloping
portion of the E, output wave of
Figure 4B. For Figure 4C, t/T =
10, and a considerable curvature is
produced in E,. The negative por-
tion has a shape similar to the
sharp peaks of Figure 3C, and the
positive portions rise to only about
40% of E; peak.

When the input voltage E; has
a triangular wave-form, the results
of differentiation are shown in Fig-
ure 5. Again, the dashed line curves
represent E; and the solid line
curves show the wave-form of E..
When t/T =0.1, the wave shape
change cannot be discerned, and
E, has the same form as E; in
Figure 5A. However, some curva-
ture and reduction in amplitude
result when t/T =1, as in Figure
5B. Finally, in Figure 5C, when
t/T =10 the wave-form is changed
considerably, and the amplitude is
reduced by more than 50% .

Summarizing the action for the
three input wave types shown in
Figures 3, 4, and 5: minimum change
occurs in differentiating networks
when the t/T ratio is relatively small,
while a large t/T ratio results in
considerable difference between the
wave-forms of Ey and E,. When it is
necessary to transmit a signal volt-
age with minimum distortion or
attenuation through a differentiat-
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ing network, circuit components
must be chosen to provide a small
t/T ratio. On the other hand, a
large t/T ratio is used when a
change of wave-form is desirable.

For example, this arrangement
permits the production of alternate
positive and negative pulses, Fig-
ure 3C, when the input is a rec-
tangular wave. The same circuit
arrangement produces a series of
negative pulses, Figure 4C, when
E, is a positive-going sawtooth
wave, as in Figure 4A. A negative-
going sawtooth input may be used
if positive output pulses are de-
sired. Finally, a triangular wave
input results in an output having
a modified rectangular wave-form
as shown in Figure 5C.

When larger t/T ratios than
shown in the above examples are
used, still narrower and higher
pulses are formed from the rec-
tangular and sawtooth input waves,
while the triangular wave is con-
verted into a more exact rectangu-
lar form, but with lower amplitude
than shown in Figure 5C.

WAVE SHAPING BY
INTEGRATION

Another device which can be
employed to change the wave-
forms of signal voltages is the low
pass filter, two basic forms of
which are the RC circuit of Figure
6A, and the RL circuit of Figure
6B. When used for this purpose,
the filter is known as an integrat-

ing network. In Figure 6A the
input voltage E; is applied to re-
sistor R and capacitor C in series,
and the resulting alternating cur-
rent causes C to charge and dis-
charge alternately through R.
Thus, a continually varying differ-
ence of potential which is devel-
oped across the plates of C is used
for the output voltage E,.

For the circuit of Figure 6B, the
applied input voltage produces a
current in L, and R which are con-
nected in series so far as E, is
concerned. Produced by this cur-
rent, the voltage variation across
R is the output E,. Like the differ-
entiating circuits, both integrating
circuits of Figure 6 produce changes
in wave-form except when the in-
put voltage E; is a pure sine wave.

Figure 7 shows the changes pro-
duced by integrating circuits for
various t/T ratios when E; has a
rectangular wave-form. When t/T
=10, either circuit of Figure 6 pro-
vides an output wave with the
form indicated by curve E,, Figure
7A. As shown, the voltage is
changed considerably from its orig-
inal wave-form, but rises to approx-
imately the E; peak for each alter-
nation.

Figure 7B shows the changed
shape and considerably reduced
amplitude of E, which results when
the t/T ratio equals 1. Here, the
amplitude is reduced more than
50% , and the wave-form of E,
more closely resembles a triangle
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than the original rectangular wave
E,. When t/T=0.1, E, has the
very definite triangular wave-form
of Figure 7C, but the output is
reduced to a very low amplitude;
about 1% of E;.

For the same set of t/T ratios,
the changes which occur when a
sawtooth wave is applied to the
input terminals of an integrating
network are shown in Figure 8.
With t/T =10, Figure 8A shows
the positive portions of E, to fol-
low the variations of E; fairly
closely, but the negative portions
have a rounded shape and very
low amplitude. Figure 8B shows
the results of the integrating action
when t/T =1, where E, resembles
a series of curves called a ““parab-
ola.” Finally, when t/T=0.1 as
indicated in Figure 8C, E, has a
definite ‘‘parabolic’’ wave-form, but
the output amplitude is less than
1% Of E(.

When the input signal has tri-
angular wave-form, the transmit-
ted voltage is a curved wave with
symmetrical alternations as shown,
Figure 9. As before, t/T ratios of
10, 1, and 0.1 give the results
shown in Figure 9A, 9B, and 9C,
respectively. Thus, as the t /T ratio
is reduced, E, decreases in ampli-
tude and more closely approaches
a series of alternate positive and
negative parabolic half-cycles.

Unlike the differentiating cir-
cuits, the integrating circuits change
the wave-form most when the t/T

ratio is relatively small. Thus, to
transmit a signal voltage with min-
imum change through a network
equivalent to either circuit of Fig-
ure 6, the selected components
must provide a large t/T ratio.
Conversely, for a small t/T ratio
the integrating circuit causes large
changes of wave-form.

The television receiver contains circuits which shape
the synchronizing pulses to assure proper operation.

Courtesy Motorola, Inc.

RECTANGULAR
WAVE GENERATION

The production of rectangular
waves may be accomplished in var-
ious ways, one of which uses a
multivibrator type relaxation os-
cillator as described in the lesson
on pulse generators. Another com-
mon method employs an electron
tube circuit known as a clipper
such as shown in the schematic
diagram of Figure 10. In general,
a clipper stage passes some desired
portion of the signal voltage ap-
plied to its input, while the re-
mainder, such as the positive or
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negative peak, is removed or CLIP-
PED by the circuit action.

In Figure 10, the clipper circuit
Is essentially that of a triode re-
sistance coupled amplifier. A dif-
ferentiating network composed of
capacitor C, and resistor R, serves
as the usual input coupling capaci-
tor and grid resistor. The cathode
resistor R; and capacitor C; form
an integrating network, R, is the
plate load resistor, and the alter-

tive with respect to the cathode
during the positive alternations.

In operation, the high amplitude
input sine wave is applied as indi-
cated in Figure 10, and coupled
through C, appears across R, in
parallel with the series circuit com-
posed of R,, the grid-cathode cir-
cuit of the tube and the R;C; net-
work. Usually, R, has a resistance
of one or two megohms which is
small compared to the input im-

/\./ OVERDRIVEN
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The black diograms of two types of timing circuits used in rador. Note the output pulse is
similor in each system.

nating component of the plate volt-
age is coupled by capacitor C, to
the output terminals. An addi-
tional resistor R,, connected be-
tween capacitor C, and the grid of
tube V, forms the main difference
between this clipper circuit and
the ordinary resistance-coupled
amplifier. However, a sine wave
voltage applied to the input termi-
nals must have sufficient amplitude
to drive the tube grid beyond cutoff
in the negative direction, and posi-

pedance of tube V, when the grid
is negative with respect to the
cathode. Therefore, when the grid
is negative, almost all of the signal
voltage E, appears between the
grid and cathode of tube V,, and
very little across R,. When the
applied signal voltage increases
from zero during the first part of
the positive alternation, it reduces
the net grid voltage E., and plate
current increases proportionally.
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However, as soon as the positive
swing of the input signal exceeds
the negative d-c grid bias, the net
voltage E, becomes positive, and
electrons are attracted from the
cathode to the positive grid. The
complete path of these grid circuit
electrons is from the cathode of
the tube to the grid, through R.
to the right hand plate of C,, from
the left hand plate through the
sine wave source to ground, and
from ground through R; to the
cathode of V..

This current produces a voltage
drop across R, such that its grid
end is negative as indicated. Due
to this polarity, Eg, opposes the
applied voltage E,, and increases
with the grid current as E, rises.
Thus, a varying d-c voltage Eg,,
added to the grid circuit during
the highly positive portion of the
input cycle, prevents the grid of
the tube from being driven posi-
tive by an excessive amount.

During the positive alternations
of the signal voltage E,, this action
causes the net grid voltage E, to
remain practically constant at a
low positive value as indicated by
curve (1) in Figure 11. Here, the
E.-I, characteristic of tube V, is
shown, with the operating point lo-
cated about midway on the straight
portion of the curve. Drawn to il-
lustrate the variations of E., curve
(1) indicates this voltage to swing
in a positive direction until it
reaches a point slightly to the right
of zero. Continuing to the right,

the dashed-line curve indicates the
positive swing of E,. However, due
to the bias produced by the grid
current in R,, E. remains at the
low positive value during most of
the positive alternation of E,. Fi-
nally E, and E. swing negative
with respect to zero, and the grid
current no longer exists.

During the negative alternation
of the input wave, there is no elec-
tron flow in R; to produce an op-
posing bias, and E. swings below
cutoff as shown. To provide the
desired operating point for the grid
of tube V,, Figure 10, plate current
develops a voltage across R; and
C; making the cathode positive
with respect to ground, and grid-
leak bias is developed across R,
due to the discharge current of C,
during the negative alternations of
the input wave.

Controlled by the variations of
E,, whenever E, is above cutoff, the
plate current of V, has the wave-
form indicated by curve (2), Fig-
ure 11. From the grid operating
point, I, increases rapidly to its
maximum determined by the low
positive E., which is maintained
during most of the positive alter-
nation. When E, swings negative,
E. goes to cutoff and I, falls to
zero where it remains during the
entire time that E,. is below cut-
off. Finally for the last portion of
the cycle, E, rises above cutoff and
I, rises from zero. Carried by load
resistor R,, this varying plate cur-
rent produces a voltage drop with
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a rectangular wave-form as indi-
cated at the output terminals in
Figure 10.

SAWTOOTH WAVE
GENERATION

A common method for generat-
ing sawtooth waves is to alter-
nately charge and discharge a ca-
pacitor in such a way that equal
changes of voltage across it are
produced during unequal time in-
tervals. Thus, if a longer time is
taken to charge the capacitor than
the relatively short time required
to discharge it, the voltage across
it will increase slowly with time
and then quickly return to its orig-
inal value, for each sawtooth cycle.

Since the time required to charge
or discharge a capacitor depends
upon the series resistance which
carries the displacement current,
the sawtooth generating circuit
must contain various resistive ele-
ments connected so as to provide
the desired control of the charge
and discharge rates. That is, the
“sawtooth forming capacitor’” must
be connected in such a way that
one RC circuit is used during the
charging interval and another while
discharging. Also, an external d-c
voltage must be connected to sup-
ply the charging current, but this
voltage should not be directly in
series with the capacitor discharge
circuit.

To provide for the various peri-
odic changes, some means is re-
quired to switch the capacitor from

one circuit to the other. At rela-
tively low frequencies, a type of
mechanical switch may be satis-
factory for this purpose but such
an arrangement is not practical for
production of the higher frequency
sawtooth voltages required in many
applications. Therefore, it is com-
mon practice to employ an elec-
tron tube to perform the desired
switching.

In the sawtooth voltage genera-
tor circuit shown in Figure 12, the
plate circuit of a high-vacuum type
triode V, is connected across ca-
pacitor C, and from B +, a voltage
is applied through resistor R to
the plate of V, and to the upper
plate of C. Impressed across the
grid circuit of V,, the rectangular
voltage E, has positive alternations
of very short duration as compared
to negative alternations. Also, the
magnitude of E; is high enough to
hold the grid at plate current cut-
off during the longer negative al-
ternations and thus the plate cir-
cuit of V, is conductive only during
the short positive alternations or
pulses. By this action, the plate
circuit of tube V, operates as a
switch controlled by the input volt-
age E;.

Still returning to the circuit of
Figure 12, during the negative al-
ternators of E;, the plate circuit of
tube V, is nonconductive and the
B or plate supply charges capacitor
C in series with resistor R. During
this interval, electrons flow from
the grounded (B—) to the lower
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plate of C and from its upper plate
through R to (B+). The path is
completed externally through the
B supply from positive to negative.
The rate at which C charges is
determined by the time constant
RC, and the rise of voltage across
the plates of C is indicated by the
sloping portions of the output
curve E..

When a positive alternation or
pulse of the control voltage E; ar-
rives at the grid of V,, the tube
conducts momentarily, and elec-
trons flow from ground, through V,
from cathode to plate and R to B +
in the usual manner; this current
increases the voltage drop across
R and thus tends to decrease the
voltage on the plate of V, to a
value lower than that on the upper
plate of C.

However, since the capacitor ter-
minals are connected to the cath-
ode and plate of V,, respectively,
any change in the tube plate volt-
age is accompanied by a like change
in the voltage across C. With V,
conducting, the tube serves as a
low-resistance discharge path for
C. Therefore, a heavy current from
the negative plate of C to the cath-
ode of V,, and through the tube to
the positive plate of C quickly dis-
charges the capacitor as indicated
by the nearly vertical portions of
the E, curve.

At the end of the E; positive
pulse, the grid of V, is driven nega-
tive beyond cutoff, the tube ceases

to conduct, and C again charges
through R to start the next saw-
tooth cycle. Thus, the capacitor C
charges slowly through the high
resistance of R and discharges
quickly through the comparatively
low resistance of tube V. Due to
this action the voltage across the
plates of C rises slowly and falls
rapidly to provide the sawtooth
wave-form E, at the output termi-
nals.

In an oscilloscope the switch lobeled "course fre-

quency” selects the RC combination which deter-

mines the frequency ond wave shape of the sow
tooth sweep voltages.

Courtesy Sylvania Electric Co.

When a capacitor charges or dis-
charges through series resistance,
the rate varies in an exponential
manner, and therefore, the com-
plete charge or discharge curve is
not a straight line. However, the
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curve is very linear near the begin-
ning of the charge or discharge
action. Hence, to obtain a saw-
tooth voltage wave with minimum
curvature, a circuit like that of
Figure 12 must be operated so that
the sawtooth forming capacitor
charges to only a small part of the
applied B+ voltage, and then dis-
charges an equally small amount.

E,, the control voltage applied to
the grid of V, determines the fre-
quency of the sawtooth waves pro-
duced by the circuit of Figure 12.
The amplitude of E, depends upon
the applied B+ voltage, the fre-
quency and wave-form of E;, the
values of R and C, and the re-
sistance r, of tube V, when it is
conductive.

AAAAA -0
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C3 71,.
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A special type pulse shaping netwark used in some television receivers. Caopacitor C3 is
made varioble to control the output pulse-omplitude.

Due to this manner of opera-
tion, the capacitor never becomes
either fully charged or completely
discharged, it always retains some
voltage such that its plates have
the indicated polarities. Thus, in
the above explanation of Figure 12,
the terms ‘‘charge’ and ‘‘dis-
charge’ do not refer to the com-
plete charging and discharging of
the capacitor, but designate the
partial charge and discharge ac-
tions necessary for the desired lin-
ear sawtooth voltage wave-form.

Since one cycle of sawtooth out-
put is produced by each cycle of

With a given E; and time con-
stant RC, the capacitor charges to
a fixed percentage of the B+ volt-
age. Therefore, an increase in B +
will increase the voltage to which
C charges during each cycle. With
a given B+ and RC time constant,
C charges higher during each cycle
when the frequency of E; is low,
since then there is more time be-
tween the positive pulses of E;.
Also, the same conditions exist
when these pulses are very narrow
compared to the negative alterna-
tions of E;. For specific B+ and E,,
the time constant RC determines
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how quickly, and therefore how
much, the capacitor can charge
while the tube is cutoff, and the
time constant r,C determines how
much C can discharge when V, is
conductive,

Hence the wave-form of E, de-
pends upon the relationship be-
tween E; and the time constants
RC and r,C. To provide a saw-
tooth wave with minimum curva-
ture, the E; wave-form and the
circuit time constants must be such
that the negative alternations of
the control voltage are short com-
pared to RC, and the positive
pulses are short compared to r,C.
Also, the narrower the positive
pulses, the steeper the “vertical”
portions of the sawtooth wave, since
a smaller portion of the discharge
curve is employed.

TRIANGULAR WAVE
GENERATION

As explained for Figure 7C, a
voltage with triangular wave-form
may be produced by applying a
rectangular wave to an integrating
circuit, if the time constant T of
the integrating circuit is large com-
pared to the period t of the applied
wave. That is, to obtain a linear
wave, the t/T ratio must be on
the order of 0.2 or less.

Using an RC integrating circuit,
the triangular wave forming action
is lllustrated in Figure 13. Here,
the rectangular wave E; is applied
to the input terminals of the cir-
cuit, and thus produces an alter-

nating current which causes the
capacitor C to charge and dis-
charge through the resistor R. Indi-
cated along curve E,, points (1),
(2), and (3) correspond to the same
instants of time as the points (1),
(2), and (3) along curve E;.

At point (1), voltage E; changes
suddenly from its negative to its
positive peak. At the same in-
stant, having been charged previ-
ously with its upper plate negative
with respect to ground, capacitor
C begins to discharge. E; remains
at its positive value during the
time interval between points (1)
and (2), and during this period, C
discharges to zero and then charges
positive as indicated at point (2)
of curve E,.

At point (2), E; returns suddenly
to its negative peak where it re-
mains until point (3). During the
interval between points (2) and
(3), the capacitor discharges to zero
and then charges to the negative
voltage indicated at point (3) of
curve E, to complete the cycle.
Since the time constant, RC, is
long compared to the total period
occupied by one cycle of E;, the
capacitor is permitted to charge
and discharge only a small amount
during successive alternations of
E:. Thus, only small parts of the
charge and discharge curves are
employed, resulting in the linear
triangular waves shown.

Unlike a sawtooth forming ca-
pacitor, in Figure 13 capacitor C
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charges and discharges through the
same series resistance provided by
R. In fact, to form each complete
sloping portion of the triangular
voltage wave, C discharges through
R and then charges through R, as
explained above. Since, the same
time constant is used for both the
charge and discharge actions in this
circuit, the wave slopes remain con-
stant throughout their lengths.

essary to add two or more different
signals to obtain the desired form.
The required complex wave-forms
often can be obtained by the proper
combination of the basic wave
shapes described above.

The simple resistance circuit of
Figure 14 provides one means of
adding two voltages, E, and E,, to
form a resultant output, E,. Here,

A combination sine and square wave generator. Controlled by a switch, a wave shaping circuit is
inserted in the signol circuit to produce squore woves.

Thus, it is unnecessary to change
the series resistance from one value
to another, for the single RC cir-
cuit of Figure 13 produces the de-
sired triangular wave. To obtain
good linearity, the required t/T
ratio makes E, very small in ampli-
tude as compared with E;; there-
fore, the applied rectangular wave
must have large amplitude to pro-
duce a usable E,.

WAVE SHAPING BY
ADDITION

For some applications, it is nec-

Courtesy The Heoth Company

resistors R, and R; in series form
the load for the source of voltage
E,, and R, alone serves as the load
for the E, voltage source. Thus,
resistor R, isolates the two sources
so that they do not load each other
and produce distortion.

To synchronize the transmission
and reception of television images
it is customary to combine two
voltages to obtain an output volt-
age of some desired wave-form.
Without describing the details of
their application, the following ex-
planation illustrates three common
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forms of special control voltage
wave-forms.

When the rectangular voltages
or pulses E;, and E. of Figure 15
are impressed across the terminals
indicated in Figure 14, the output
voltage E, has the wave-form of
the lower curve in Figure 15. Here
the voltage consists of a series of
broad pulses on top of each of
which a narrow pulse is superim-
posed.

cerned, resistor R, is in series with
the application points of E,. There-
fore, part of E. is dropped across
R,, tending to make the upper end
of R, negative and thus reduce the
positive voltage existing at this
point due to the E, pulse. Thus, the
narrow pulse portions of E, have
less amplitude than the E, pulses
applied across R..

Figure 16 shows that the addi-
tion of a sawtooth voltage E; to

. o
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A methaod of pulse shoping used in television synchronizing pulse generator. The two amplifiers
have a common plote load resistor R, thus the voltoge drop ocross RL ot ony instont depends
vpon the sum of the instantaneous currents of both amplifiers.

Voltage E, has fairly wide posi-
tive pulses while those of E, are
relatively narrow although both
have approximately the same mag-
nitude. Also, as indicated by the
vertical dashed lines, the leading
edges of the E, pulses occur slightly
ahead of those of E,. Due to the
time difference between the lead-
ing edges of these pulses, the first
portion of the E, flat top forms a
small step from which the narrow
pulse rises.

So far as the output terminals of
the circuit of Figure 14 are con-

a rectangular voltage E, results in
an output E, with a trapezoidal
wave form. The negative alterna-
tions of E, occupy the same inter-
val of time as the steep portions of
the sawtooth wave. E, may be con-
sidered a series of closely spaced,
broad positive pulses upon which
E, is superimposed to form E,.

Conversely, E. may be consid-
ered a series of narrow negative
pulses which, at the end of each
slowly rising portion of E,, cause
E, to drop quickly to a low value.
The sharply falling portions of E,
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then reduce E, to its negative peak
which occurs at the end of the E.
pulses. When E. returns to its posi-
tive value, E, rises to the value of
E, at the beginning of the sawtooth
cycle. Then E, rises in the positive
direction with E, to begin the next
cycle.

100-2300 v

tive alternations. Thus, the output
E. consists of a sine wave voltage
with the positive pulses superim-
posed as shown. These pulses may
be shifted up or down the sine
wave curve by changing the phase
of E, with respect to E.. For exam-
ple, if the phase of E, is advanced
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The nuclear instruments employ wave shaping circvits necessary in high speed counting

operation.

The result of adding a sine wave
voltage E, and a positive pulse
voltage E. is shown in Figure 17.
As indicated by the vertical dashed
lines, the phase relationship is ad-
justed so that the pulses arrive at
the instant E, is changing through
zero, from its positive to its nega-

Courtesy Tracerlob, Inc.

with respect to that shown, the
pulses will be at a lower point on
the sine wave curve in E,, and thus
rise to a lower positive value. If the
phase of E, is retarded, the pulses
will fall at a higher point on the
sine wave curve, and consequently
rise to a higher positive output.
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IMPORTANT DEFINITIONS

CLIPPER—An electron tube stage which functions to pass some
desired portion only of the signal voltage applied to its input.

DIFFERENTIATING NETWORK—(dif er EN shi ayt ing NET
werk]—A high pass RC or RL network.

INTEGRATING NETWORK—[in ti GRAYT ing NET werk]—A low
pass RC or RL network.

RECTANGULAR WAVE—A voltage which changes quickly from
one peak to the other and then remains constant until it snaps
back to its original peak where it again remains constant to com-
plete the cycle.

SAWTOOTH WAVE—A voltage which changes at a constant rate
from its peak at one polarity to its peak of the opposite polarity,
and then snaps back to the first polarity peak to complete the
cycle. ‘

TRAPEZOIDAL WAVE—(trap i ZOY d’l wayv]—A voltage which
quickly changes from one peak to an intermediate value, changes
steadily from this voltage to the new peak and then snaps back
to the original peak.



STUDENT NOTES

ﬂ s T L
TANANNEF | R s
7 5 €
)\ e ST ! - } |
L Jl A FIGURE 6 B
= -t ———» TIME — - t—f TIME — & +|
A 8 A Ex__-—i r ‘ IrEI 1| lr
| ' ! |
. N A L . 'I o ! L
\ e Q 3 NN : i
w w | ]
go gc‘ += ! | | - : !
3 3 ‘ €1 L £o 7= Lo__J _LJ LR R
> > ‘ | B | C
e me— LY e i FIGURE 7
c ) B
FIGURE | FIGURE 2
M £o Y o €

ml -
ot

iU

- Yr=t
B
FIGURE 3

=l Yr=o0u
A

M

Eo
€

q 1

= Yr=o.
A

TPC-6

o fr= ! - © =0
B ©
FIGURE 5 TPC—6 FIGURE 10 FIGURE 11




€o

TPC—6 FIGURE 16

=
[ j + @ Eo
0 [ OV%A
- iy )
n e o ‘l‘
3 + ! b4 & - —
= B— -
FIGURE 12 FIGURE 13
' l < 3
R, |
1 1
i |
€, e— Eo €2 H H
. . 1 s
|
é s 45 I I
= €o
FIGURE 14
FIGURE 15
“ | | EI/\/\/\/
"
Al
€2

FIGURE 17

/

World Radio Histo



10.

...................................... Cut_along_this line and send in for grading. _ _ __ _ _ _ __ __ e ieeeea-
DeVRY Technical Institute
Afglcated witk DeFOREST'S TRAINING, INC.
4141 WEST BELMONT AVENUE CHICAGO 41, ILLINOIS
QUESTIONS
Wave Shaping—Lesson TPC-6A Page 23
How many advance Lessons have you now on hand?. ...
1 Print or use Rubber Stamp
Student

N BTN, ..o e e NO i

S L . .o Zone...........cooeieeeii. Grade..............ccoceiiiiiinin,

Cat Y e State........ccooooiiiii Instructor..........................

Write your answers on the ""Ans.' line below each question. If more space is needed use reverse side of this page.

]
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CLIPPERS AND GATES




Analog computers, often called "electronic brains,” employ a large variety of pulse circuits.
Clippers and gates are used frequently.

Courtesy Reeves Instrument Corp.
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CLIPPERS AND GATES

PULSE CIRCUITS

To properly “drive” the ciffer-
ent circuits employed in various
types of electron equipment, it is
necessary to generate certain con-
trolling voltages which have a spe-
cific wave-form, amplitude, repe-
tition frequency, and timing. For
this purpose, a number of circuits
which produce rectangular, saw-
tooth, or pulse type voltages, have
been developed. Also employed are
circuit elements which emphasize
some particular characteristic of a
given voltage wave, while others
pass only some desired portion of
the wave. These various types of
units include pulse and rectangu-
lar wave generators, integrating
and differentiating networks, as
well as several other circuits de-
scribed in this lesson.

RELAXATION
OSCILLATORS

A common type of pulse gener-
ator, the relaxation oscillator, may
be used in combination with an
RC circuit to produce a voltage
wave which differs in shape from
the output of the oscillator. Exam-
ples of this method are the produc-
tion of sawtooth voltages to drive
the CRT deflection plates in an
oscilloscope, and the production of
trapezoid shaped voltages for use
in television equipment.

Thyratron Sawtooth
Generator

A hot-cathode arc-discharge
tube, or THYRATRON, often is em-
ployed to produce a sawtooth volt-
age output when connected to an
RC circuit as shown in Figure 1. A
positive voltage is applied through
resistors R, and R; to the anode of
thyratron tube V,. Applied to the
grid, a negative bias E. is such that
tube V, is prevented from firing
at relatively low anode potentials.
It will become conductive only
when the anode potential is raised
above a specific positive value.
When it does, R, limits the anode
current to a safe value.

Connected from the junction
point (1), between R, and R; to
ground, capacitor C, is in parallel
with R; and plate cathode circuit
of V.. The charge on C, determines
the potential difference between the
anode of V, and ground at any
instant. With C, completely dis-
charged, the anode is at zero volt-
age, and thus V, is nonconductive
when the B+ voltage is applied.
However, with B+ applied, the
capacitor charges through the series
resistor R,, as electrons flow from
ground (B —) to the lower plate of
the capacitor, and from the upper
plate, through R, and the power
supply to ground. This electron
flow causes C, to be charged to the
polarity indicated.
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With tube V, nonconductive, it
provides an extremely high imped-
ance in parallel with C,, so that
resistor R, and capacitor C, form
a voltage divider from B4 to
ground. As C, charges, a larger
portion of the B+ voltage appears
across it and a smaller portion
across R,. Since there is no current
in R, at this time, the anode of V,
has the same potential as the posi-
tive plate of C,, thus the increasing
capacitor voltage is applied to the
tube.

e

e
- 4,

%
,mwﬁo-wm:mw-@ﬂm

cuit forms a low impedance in par-
allel with C,. This action changes
the impedance ratio of the voltage
divider, to provide a greater por-
tion of the B+ voltage across R,
and less across C,. However, to
make this change the capacitor
must discharge. Electrons flow from
the negative plate, through V, and
R,, into the positive plate. Since
the capacitor does not become com-
pletely discharged, the polarity of
the plates remains as indicated.

TR

A limiter is employed in the FM radio receiver to reduce noise due to amplitude variation of
the FM signal.

When the anode reaches a criti-
cal positive potential, the tube fires
or becomes conductive and per-
mits an electron flow from ground
through V,, R,, and R, to B+.
With V, conductive, the VR, cir-

Courtesy Motorola Inc.

The discharge circuit of C, con-
tains the resistance of tube V, in
series with R,, and therefore, the
discharge action is not instantane-
ous, but requires a definite time.
However, compared to the charg-
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ing interval, the discharge time is
short as indicated by the steep fall
of the E, curve, Figure 1.

As C, discharges, the voltage at
point (1) is reduced, and the volt-
age drops across R, and V, are
decreased. Finally, the voltage falls
to the low positive value, where de-
ionization occurs, and tube con-
duction stops. With V, nonconduc-
tive, the impedance of the R,V
circuit becomes large, and the ca-
pacitor charges through R, to begin

The relaxation oscillator used in this generaror pro-
vides a square wave voltage for test purposes.
Courtesy Reiner Electronics Co.

a new cycle. During each cycle, C,
requires much more time to charge
than it does to discharge because
the resistance of R, is much higher
than the total series resistance of
R; and ionized tube V, in the dis-
charge circuit. Thus, due to this
difference, the voltage E, across C,
has the indicated sawtooth wave-
form.

Blocking Oscillator
Sawtooth Generator

The voltage wave produced at
the grid of a blocking oscillator

tube also may be employed to drive
a sawtooth generating circuit. One
common circuit arrangement is
shown in Figure 2. The BLOCKING
OSCILLATOR is composed of tube
V,, transformer T, capacitor C,,
and resistors R, and R.. V; serves
as the discharge tube for the saw-
tooth forming circuit of R; and C,.

Essentially, the feedback and os-
cillatory actions in the blocking
oscillator circuit are the same as
in the typical oscillators employed
to generate sine wave voltages. In
the circuit of Figure 2, transformer
T couples the feedback energy from
the plate circuit to the grid of V,,
causing oscillations at a fundamen-
tal frequency mainly determined
by the inductance and distributed
capacitance of the grid winding of
transformer T. However, after each
negative swing of the oscillator grid
voltage, V, is held cut off for a
period of time due to the long time
constant of grid leak network R,C..
Thus, oscillation is “‘blocked” while
C. discharges slowly through R,
and the grid winding of T. Due to
this blocking action, the grid volt-
age has the wave-form indicated
by the curve E,.

As shown, the grid of the dis-
charge tube V., is connected directly
to the grid of V,, therefore, the E,
wave is also applied to the V, grid
circuit. The relatively long dura-
tion negative alternations main-
tain V, cut off for long intervals of
time compared with the short in-
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tervals in which the positive alter-
nations allow this tube to conduct.
Thus, the V, plate current has the
form of short pulses as indicated
by the curve I,.

While V, is cut off, the applied
B+ voltage charges capacitor C,
through resistor R;. Electrons flow
from ground to the lower plate of
C,;, and from the upper plate,
through R; to B+, charging C, to
the indicated polarity. During the
short intervals that V; is conduc-
tive, C, discharges through this
tube, with electrons flowing from
the negative plate of C,, through V,
to the positive plate of the capaci-
tor.

When conductive, V, has con-
siderably less resistance than R,
Therefore, C, charges slowly
through R; during the long inter-
val of time that V, is cut off, and
then discharges rapidly during the
short interval that it is conductive.
Because of this slow charge and
rapid discharge action, the voltage
across C, has the sawtooth wave-
form indicated by curve E..

In a circuit of this type, the
amplitude and wave-form of the
sawtooth output E, depend mainly
upon R; and C,, either or both of
which may be made variable if
desired in a particular application.
Since V, is driven by the oscillat-
ing grid voltage of V,, the wave-
form of E, determines the ratio of
the conduction time to the cutoff
time of V,, and thus affects the

wave-form of E, to a limited ex-
tent. More important, the fre-
quency of E, determines the fre-
quency of E,, and since the inter-
val during which V, is blocked de-
pends upon the time constant R,C,,
the frequency of E, and of the
sawtooth output may be varied
over a small range by varying R,
C,, or both.

Multivibrator
Pulse Generator

The MULTIVIBRATOR circuit
shown in Figure 3A employs a dou-
ble triode tube V,V,. Briefly, the
action of this circuit is such that
triode V, is cut off when V, is con-
ducting, and is permitted to con-
duct while V, is cut off. Each tube
conducts and cuts off alternately,
thereby causing its plate voltage to
shift between maximum and mini-
mum values abruptly, as indicated
by the rectangular plate voltage
wave-form E;.

By proper choice of circuit com-
ponents, the wave-form may be
made symmetrical, with positive
and negative alternations of equal
duration, or the plate voltage of
V, may be produced with unequal
positive and negative alternations
asindicated by curve E;. The wave-
form shown with long positive and
short negative alternations is pro-
duced when V. is cut off for a long
time relative to the interval in
which it conducts. When V. is cut
off, there is no plate current in or
voltage drop across resistor R, and
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therefore, the plate of V, is at B+
potential during this time. When
V., is conductive, the resulting volt-
age drop across R; causes the V,
plate to drop to the lower voltage
indicated by the negative alterna-
tion of E[.

A sawtooth voltage may be de-
veloped by connecting the capaci-
tor C, of Figure 3B across the
output terminals of the multivi-
brator of Figure 3A. With this ar-
rangement, tube V, acts as the
discharge tube for the sawtooth
forming circuit consisting of re-
sistor R; and capacitor C,. Thus,
when V., is cut off, the applied B +
voltage causes C, to charge slowly
through R;, and when V, is con-
ductive, C, is permitted to dis-
charge through the tube in the
usual manner. This action causes
the voltage across C, to vary as
indicated by the curve E, in Figure
3B. On the other hand, when the
differentiating circuits R¢C; of Fig-
ure 3C is connected across the mul-
tivibrator output terminals, the
pulse voltage E, is produced if the
t/T ratio of the R¢C; network is
sufficiently long.

LIMITERS

An electron tube circuit which
passes only some desired portion
of the signal applied to its input
is known as a limiter or clipper.
That is, the limiter blocks all por-
tions of the signal which either
exceed or are lower than some
specific amplitude. It is Notr the

purpose of the limiter to attenu-
ate signal components in one fre-
quency range more than in an-
other, as is the case with the filter
networks.

Diode Clippers

Limiting action can be accom-
plished by means of the diode cir-
cuit of Figure 4 in which an input
voltage E; is applied to the tube
V. and resistor R, in series. The
resulting diode current produces a
voltage drop across R, which forms
the output E,. Since the diode V,
is connected in series between the
input and output terminals of the
circuit, this arrangement is called
a SERIES DIODE LIMITER.

With the plate of V, connected
to the input terminal, the positive
pulses of E; drive the plate of V,
positive with respect to the cath-
ode, and the diode conducts. Form-
ing the diode current, electrons flow
from the cathode to the plate of
V,, through the source of E;, and
through resistor R, to the cathode.
Due to this direction of flow, the
upper end of R, is made positive
with respect to the lower end.

The wave-forms of both the
diode current and the voltage drop
across R, have the same shape as
the positive pulses of E;. Since the
negative pulses of E; cause the
plate of V, to be negative with re-
spect to the cathode, they cause
no diode current. Thus, the limiter
circuit of Figure 4 removes the
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negative pulses of the signal and
provides the output voltage E, con-
sisting of positive pulses only.

The diode tube V, may be con-
sidered a variable impedance ele-
ment which presents a very high
impedance to negative input pulses
and a low impedance when the
Input pulses are positive. Also, tube
V, and resistor R, form a voltage

Page ¢

the high impedance of V, when the
input signal is negative, practically
all of E, appears across V,, and fo
practical purposes, the drop across
R, is zero.

As shown in Figure 5, the con-
nections to the plate and cathode
of the diode may be reversed when
it is desired to block the positive
pulses and pass the negative pulses
of the applied signal. In this case,

A choin pulse omplifier. This unit is designed to omplify high frequency, pulse valtoges with
very little change in wove-form.

dividing network across which the
input signal E; is applied. Due to
the low impedance of V, when the
input signal is positive, almost all
of E, appears across resistor R, to
provide the indicated positive pulse
output. On the other hand, due to

Caurtesy Spencer-Kennedy Lobarotaries, Inc.

the negative pulses cause the cath-
ode of V, to become negative with
respect to the plate. As this action
is equivalent to making the plate
positive with respect to the cath-
ode, conduction of the diode re-
sults.
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The direction of the diode cur-
rent is such that electrons flow
down through resistor R, to make
its upper end negative. The volt-
age drop thus produced across R,

The cable is needed to supply power and control

pulses to the camera as well as transmitting the

picture pulses from the camera to the control con-
sole.

Courtesy Polarad Electronics Corp.

has the form of the negative pulses
indicated by curve E,. Since the
positive pulses of E; make the cath-
ode of V, positve with respect to
the plate, they do not produce
diode current, and no positive

pulses are produced in the circuit
output.

Again, considering tube V, and
resistor R, as a voltage divider for
the circuit of Figure 5, the low im-
pedance of V, causes almost all of
E: to appear across R, when the
input signal is negative. When the
input signal is positive, practically
all of E; appears across V, due to
the high impedance of the diode
and, therefore, this portion of E,
is zero.

Figure 6 shows a series diode
limiter circuit in which a voltage
source E, applies a positive bias
through resistor R, to the cathode
of tube V.. The plate of V, is con-
nected to the input terminal as in
Figure 4, therefore only positive
pulses of E; can produce diode cur-
rent. In addition, due to the posi-
tive voltage on the cathode, the
diode current occurs only during
the portions of the positive pulses
of E; which make the plate of V,
more positive than the cathode
bias Eb.

As shown in Figure 6, the un-
grounded output terminal connects
through resistor R, to the battery,
therefore E., is present at this
terminal at all times. When diode
V, conducts during the positive
peaks of the E; pulses, the diode
current produces a voltage drop
across R, with the same form as
these positive peaks. Thus, the
positive pulses across R, add to
the bias Ey, to provide the output
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indicated by curve E, in the Fig-
ure. Determined by the bias, the
clip level is that voltage above
which the input signal E; is passed.

If connections to the diode of
Figure 6 are reversed, the circuit
arrangement of Figure 7 is ob-
tained. In this case, E, biases the
plate positive so that conduction
occurs at all times except during
the short intervals that the posi-
tive peaks of E; drive the cathode
more positive than the bias. Due
to the diode current, the upper end
of R, is negative, and this voltage
opposes E,;, to produce the output
signal indicated by curve E,. For
this circuit, the clip level is that
point below which the input signal
E, is reproduced in the output.

A parallel diode limiter circuit
is shown in Figure 8. Here, diode
V, is connected in shunt with the
output terminals, and as before,
the input signal E; is applied to
resistor R, and tube V, in series.
With no bias in the circuit, V,
conducts during the entire time of
the positive pulses of E;, and is
nonconductive during the negative
puises.

Therefore, during the positive
pulses of E;, the resistance of R, is
high compared to the impedance
of V,, and the voltage divider ac-
tion is such that practically all of
E: appears across R. During the
negative pulses, practically all of
E: appears across V,, the imped-
ance of which now is high com-

pared to the resistance of R,. Drop-
ped across R,, the positive pulses
do not appear in the output of the
circuit, leaving the negative pulses
across V, to provide the output E..

With the diode connections re-
versed as shown in Figure 9, con-
duction occurs during the negative
pulses of E;, but not during the
positive pulses. Therefore, during
the positive pulses, the impedance
of V, is high compared to the re-
sistance of R,, and these portions
of E; appear across V,. During the
negative pulses, the impedance of
V.is low compared to the resistance
of R,, and these pulses appear
across R,. Taken across V, only,
the output E, has the positive
pulses indicated.

As with the series diode limiters,
a bias voltage may be applied to
the cathode or plate of the diode
in either of the circuits of Figure 8
or Figure 9, and will result in the
clip level being at some point other
than at zero. In fact, in any of the
limiters of Figures 4 to 9 inclusive,
either a positive or a negative bias
may be used to fix the clip level at
some desired point above or below
zZero.

Triode Limiters

In addition to diodes, triode tubes
can be employed as limiters or
clippers as illustrated by the cir-
cuit in Figure 10A. Here, the cath-
ode of tube V, is grounded, and in
the grid circuit, the components
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C, and R, have a time constant
such that the applied signal causes
a desired grid leak bias to be devel-
oped across resistor R.. To review
briefly, this bias is produced by
the “diode action” in the grid-
cathode circuit of V,, when the
grid is driven positive by peaks of
the input signal E;.

During these peaks, electrons
flow from the cathode to the grid
and to the negative plate of C..
From the positive plate of C,, the
electron path is completed through
the signal source to ground, and
from ground to the cathode of V..
During the longer intervals be-
tween positive peaks of E, capaci-
tor C, discharges to some extent.
As electrons cannot pass from the
grid of V, to the cathode, the dis-
charge path is from the negative
plate of C,, through R, to ground,
and from ground through the sig-
nal source to the positive plate of
C].

Since the resistance of R, is much
greater than that of the cathode-
to-grid of V, during the periods of
grid current, the charge time con-
stant for C, is much shorter than
for discharge. Hence, the short du-
ration positive peaks of E; recharge
C. by an amount equal to the dis-
charge between peaks.

Thus, maintained across resistor
R, the bias E. depends upon Ei,
C, R, and the cathode-to-grid re-
sistance of tube V,. Since it is the

only bias in the grid-cathode cir-
cuit, E. determines the operating
point of tube V,. Plate current can
exist only when the grid is less neg-
ative than cutoff, and plate volt-
age variations are produced only
when plate current develops a volt-
age drop across resistor R, to make
the plate voltage less positive than
during tube cutoff.

Hence, the desired clip level can
be established by choosing circuit
components which provide the
proper negative bias E. with re-
spect to the tube cutoff bias. If E.
is equal to the cutoff bias, the
entire positive pulses of E; cause
plate current and are reproduced
in the output, while the negative
pulses drive the grid more nega-
tive than cutoff and thus are not
reproduced.

The curves of Figure 10B illus-
trate operating conditions in which
E. is greater than required for cut
off. Therefore, the tube remains
nonconductive until the positive
portion of E; reduces the grid volt-
age below cutoff to produce the
plate current pulse I,. These posi-
tive current pulses reduce the plate
voltage to produce the negative E,
pulses of Figure 10A, which corre-
spond to the portions of the E;
pulses above the indicated clip
level. However, due to the ampli-
fication of the triode tube circuit,
the E, pulses have greater ampli-
tude than the corresponding por-
tions of the input signal.
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LIMITERS WITH
RC CIRCUITS

Often limiters are employed in
conjunction with various RC cir-
cuits to obtain the exact voltage
wave-form required for some par-
ticular application, in much the
same manner as described for re-
laxation oscillators. Although the
diode limiters provide better fidel-
ity in the output wave, most ap-

to pass the portion of the wave
below the clip level and block the
portions above this level.

Pulse Narrowing

A given rectangular pulse can
be reduced in width or narrowed
by means of the RC differentiating
circuit and cascade triode limiters
shown in the circuit of Figure 11.
The pulse to be narrowed, E;, is

This eloborote communicotion receiver hos provisions for switching the limiter in or out of the
signol circuit.

plications employ triode limiters,
because of the amplification which
can be obtained. However, with a
triode limiter, only the portion of
the input wave above the clip level
can be reproduced. Hence, a diode
must be used when it is necessary

Courtesy Collins Rodio Co.

applied to differentiating circuit
CR.. Compared to the duration
of the E; pulse, the time constant
of the R,C, network is short, thus
the voltage developed across R,
has the wave-form indicated by
curve E,. Tube V, is operated at a
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A six chonnel two way multiplexing terminal used in
signal tronsmission. Limiters, gotes, and other pulse
control networks are essential in this equipment.

Courtesy General Electric Co.

very low plate voltage so that cut
off occurs for a small grid bias.
Therefore, the grid leak bias which
is developed across R, is greater

than cutoff and as a result, the
clip level occurs at the point indi-
cated.

The portions of E, above the
clip level cause variations of V,
plate current which produce the
negative pulse output voltage Eg.
The V. limiter clips most of the
negative Er pulses leaving only the
portion above the indicated clip
level to produce plate current in
V.. Thus, the output voltage E,
consists of positive pulses having
the indicated wave-form, and de-
rived from a small portion of E,,
these pulses are considerably nar-
rower than the original signal E..

Pulse Delaying

When it is necessary to delay a
pulse for some desirable time in-
terval, an integrating circuit and
two limiting circuits can be used
as pictured in Figure 12. Applied
to the integrating circuit R,C,, sig-
nal E; charges and discharges C,
through R, in the usual manner,
and thus produces the voltage
wave-form E,, across C,. Due to
the grid leak bias across R, the V,
limiter responds only to the por-
tion of E, above the indicated clip
level, and there is no V, plate cur-
rent until a certain delay interval
tq after the leading edge of the E;
pulse.

Beginning at the end of the delay
interval, a negative pulse, E, is
clipped at the indicated level to
produce the amplified, rectangu-
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lar output pulse E,. Since the V,
plate current begins after the delay
interval, the leading edge of the
output pulse E, is delayed by the
interval t, with respect to the origi-
nal pulse E;. The interval t, de-
pends upon the shape of the E,
wave, and upon the clip level em-
ployed at this point. The shape of
E. depends upon the time constant
R,C, and the amplitude and dura-
tion of the E; pulse.

ECO—LIMITER
SAWTOOTH GENERATOR

The circuit of Figure 13 illus-
trates a method by which a saw-
tooth voltage is produced by dif-
ferentiating and clipping the out-
put of an oscillator. The circuit of
V, is an electron-coupled oscillator,
the fundamental frequency of
which is determined by the in-
ductance and distributed capaci-
tance of coil L. The control grid
voltage variations alternately drive
the plate current to saturation and
cutoff, causing the plate voltage to
have the squared wave shape indi-
cated by curve E,.

When applied to the differentiat-
ing circuit, C;R4, E, changes to the
signal form indicated by curve E,.
Appearing across R,, the voltage
E, is applied to the grid of limiter
tube V.. Hence, V, conducts dur-
ing the short intervals that the
positive E, alternations are above
the clip level, and is cut off during
the long intervals between. Charg-
ing slowly through the high re-

sistance of R; when V, is cut off,
capacitor C, discharges rapidly
through the low resistance of V,
when it is conductive, thus form-
ing the indicated sawtooth volt-
age E..

CLAMPING CIRCUITS

When it contains an alternating
component only, a signal voltage
swings positive and negative with
respect to some zero reference such
as the ground potential as shown
in Figure 14A. In many electronic
systems, a signal contains a d-c
component, which may be either
positive or negative with respect
to ground, and when present, it
forms a reference above and below
which the alternating component
varies as shown in Figures 14B and
14C, respectively. In some appli-
cations, only the alternating com-
ponent of the signal is needed, and
the d-c component is unimportant,
while in others, both the a-¢c and
d-c components are required to pro-
vide proper operation of a circuit.
In still other cases, it becomes
necessary to change the reference
voltage to some higher or lower
level, or possibly to one of oppo-
site polarity.

Furthermore, for some needs it
is desirable to provide a reference
such that either the positive or
negative peaks of the a-c com-
ponent are held to some constant
value, either above, at, or below
ground potential. When employed



Page 16

Clippers and Gates

for this purpose, a circuit is known
as a clamp.

As an example, if it is desired
to “clamp” the negative peaks of
the a-c signal component at 5 volts
above ground, then the reference
must be such that all variations
occur in the positive voltage range,
while on each “negative’” alterna-
tion, the signal voltage swings down
to but not lower than +5 volts,
as pictured in Figure 15A.

For a second example, if it is
desirable to clamp the positive
peaks of the a-c component at 10
volts above ground, the d-¢c com-
ponent provided by the clamp cir-
cuit must be such that all signal
variations .occur in a range below
+10 volts. Referring to Figure 15B,
the d-c component or reference is
negative with respect to ground or
zero potential to prevent the posi-
tive peaks of the a-c component
from exceeding +10 volts. In Fig-
ure 15C, with an a-c component of
lower magnitude, its positive peaks
are clamped at +10 by a positive
d-c component or reference.

Also, if desirable, either the posi-
tive or negative peaks of the signal
may be clamped at ground or zero
potential, or at some d-c voltage
below ground. The magnitude and
polarity of the d-c reference volt-
age provided by the clamp circuit
depends upon the particular clamp-
ing conditions required, and for
some cases, upon the amplitude of
the a-c component of the applied

signal. When the a-c amplitude is
constant, the d-c component re-
mains constant, but if the a-c am-
plitude changes, then the d-¢ com-
ponent must increase or decrease
as required to hold the peaks of the
a-c component at the desired clamp-
ing level.

When applied to an interstage
coupling element such as a trans-
former or an RC network in which
there is no conductive connection
between the coupled stages, the
a-c component of a signal is cou-
pled but the d-¢ component is
blocked. A clamping circuit may
be employed to establish a new d-c¢
reference level which corresponds
to that which was lost in the
coupling circuit. When used for
this purpose, the clamp is referred
to as a d-c restorer.

In Figure 16, the signal voltage
E| contains a positive d-c compo-
nent such that at the peaks of its
negative swings, E; just reaches
zero with respect to ground. Ap-
plied to the coupling circuit, R, C,
the variations of E; cause C, to
alternately charge and discharge
through R,. At the same time, the
capacitor is charged to the polarity
indicated, due to the d-c compo-
nent of E;. Equal to the d-c com-
ponent value, this voltage E¢ forms
the average voltage above and be-
low which the charge on C, varies.

Insofar as the output terminals
of the circuit are concerned, the
average capacitor voltage Ec and
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E; are in series opposition. At any
instant the voltage across R, is
equal to the algebraic sum of these
opposing voltages. When E; isequal
to Ec, the voltage E,, is zero. When
E; rises above Ec, E,, is positive,
and when E; is less than E¢, E,
is negative. At the peaks of the
negative alternations, when E, falls

network to form one type of d-c
restorer. As before, the d-c¢ com-
ponent of E; charges C to the indi-
cated polarity.

To briefly review differentiating
networks, in order for R, and C, in
Figures 16 and 17 to transmit the
input signal to the output termi-

A front view with o port of the cover removed showing controls ond circuits of o limiter
omplifier.

to zero, E, is maximum negative
and equal to Ec. Therefore, as indi-
cated by the curve at the right in
Figure 16, the d-c component of
the signal is lost and the output
voltage E,, varies above and below
ground potential.

Diode Clamp

Figure 17 shows a diode clamp
tube connected across the out-
put terminals of the RC coupling

Courtesy Altec Lonsing Corp.

nals with minimum distortion and
attenuation, a small t/T ratio of
about 0.1 must be used. Then very
little signal voltage is lost across
capacitor C,.

In Figure 16, capacitor C, charges
and discharges through the same
series resistance, R,. For a short
while after E,; is applied, E. is less
than the d-c component of E;, and
C, charges for a greater part of
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each cycle than it discharges.
Therefore, E. gradually increases
until it is equal to the d-c com-
ponent of E;, after which the ca-
pacitor charges and discharges
through R, by the same small
amounts for each a-c cycle.

with respect to its plate. However,
when E; is lower than E,, the alge-
braic sum of E; and E, has a value
negative with respect to ground.
Applied across R, and V|, this neg-
ative voltage makes the cathode of
the diode negative with respect to

An eloborote oscilloscope with provisions for blonking the electron beom in the CRT during
retroce time.

In the circuit of Figure 17, ca-
pacitor C, must charge through
the high resistance of R, during the
intervals that E; is greater than
E., because diode V, cannot con-
duct when its cathode is positive

Courtesy Polorod Electronics Corp.

the plate, and V,; conducts, dis-
charging C.,.

Because of its relatively low re-
sistance when conductive, diode V,
permits C; to discharge almost
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completely during the short period
that E; is less than E.. Due to this
action, E. gradually rises to some
low value after which the capacitor
discharges through V, by the same
amount that it charges through R,
for each a-c cycle of E;. Thus, the
average voltage Ec¢ cancels the d-c
component of E; by only a small
amount, and as shown in the Fig-
ure, the reference level of E, is
slightly less than that of E;. The
difference between these two refer-
ences is the average voltage E. on
the capacitor.

Triode Clamp

In the clamp circuit of Figure
18, the grid leak bias formed across
resistor R, forms a means of clamp-
ing the negative peaks of the a-c
component of E; to a constant level.
With the cathode of triode tube
V, connected to ground as shown,
the peaks of the positive alterna-
tions of E; drive the grid positive
with respect to the cathode. The
resulting cathode-to-grid electron
flow charges capacitor C,, and dur-
ing the intervals between the posi-
tive peaks of Ei, this charge leaks
off through R, to form a grid leak
bias in the usual manner. In any
circuit of this type, the magnitude
of the bias voltage is directly pro-
portional to the amplitude of the
a-c component of the input signal.
Thus, the higher the positive peaks
of Ei, the greater the grid current,
and the higher the bias.

For the tube of Figure 18 the
E.-I,, characteristic curve is given
in Figure 19A. As indicated, the
operating point is determined by
bias Ec at any instant. Further-
more, when variations of grid sig-
nal E, increase in amplitude, the
resulting increase in E: moves the
operating point left on the graph.
Because of this displacement of
the operating point, ‘the grid volt-
age swings only slightly more posi-
tive than before, and considerably
less than it would be if E. had not
increased.

Corresponding to the variations
in grid voltage, the variations of
plate current are shown by the
curve at the upper right in the
graph of Figure 19A. Drawn along
the upper peaks of this curve, the
dashed line indicates that the plate
current rises to almost the same
peak for each cycle, regardless of
variations in the individual cycles.

Finally, the curve of Figure 19B
shows the plate voltage variations
which form the output Eo of the
circuit of Figure 18. The upper
dashed line shows that, due to the
shift in the operating point of the
clamp tube V,, the average plate
voltage, which forms the d-¢ com-
ponent of E,, rises to a higher level
when the a-c amplitude is greater.
Because of the variations in the d-c
reference level, the negative peaks
of Eo are maintained at an almost
constant level above ground, as
indicated by the lower dashed line.
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GATE CIRCUITS

A gate is a circuit which either
passes or blocks the passage of an
applied signal, depending upon the
instantaneous control voltage; that
is, the gate circuit is an electron
switch. In some applications, the
gating or switching action is re-
ferred to as KEYING. To provide a
means of “opening” and ‘“closing”
the gate circuit, usually the con-
trol voltage has a rectangular wave-
form. Since the term GATE is em-
ployed to designate this control
voltage as well as the circuit to
which it is applied, to prevent con-
fusion, the term is not used by
itself in the following explanations;
either the expression GATE CIRCUIT
or GATE VOLTAGE is employed.

One type of gate circuit is illus-
trated in Figure 20. Coupled
through capacitor C,, the input
signal E; which is to be gated, is
applied across resistor R, and tri-
ode V, in series. The gate voltage
E, is applied to the grid of the
tube. The instantaneous plate volt-
age of V, forms the output volt-
age E().

Drawn to the right of the circuit
in Figure 20, curves of E;, E,, and
E., illustrate the gating action. As
shown, E; consists of a series of
positive pulses, and E, has rec-
tangular wave-form, the positive
portions of which have longer dura-
tion than the negative portions.
Since tube V, is operated at zero
bias, E, is the only voltage applied

to the grid-cathode circuit of the
tube. During the positive alterna-
tions of E, the grid is positive with
respect to the cathode, and because
a very low B + voltage is employed,
the plate current reaches satura-
tion. Due to the voltage drop
caused by the plate current in R,
at this time, the plate voltage, E,,
has the indicated low value. With
the tube conducting heavily, its
impedance is very low compared to
the resistance of R, Therefore,
practically the entire amplitude of
E; appears across resistor R, and
therefore the output voltage E,, is
low.

During its negative alternations,
E, drives the grid below cutoff.
With tube V, cutoff, its impedance
is high compared to the resistance
of R, and so during this time,
practically all of the applied E;
pulse appears across the tube, and
is reproduced in the output. In
addition, during the cutoff interval
no voltage drop exists across R,
other than that produced by E;i,
and so the plate rises to the B+
voltage, thus forming the PEDESTAL
portions of E,,.

Disabling Gates

Instead of being applied to a
separate gate circuit, a gate volt-
age may be applied directly to
some point in one of the regular
stages in an electron unit to make
it inoperative during certain de-
sired time intervals. That is, the
circuit conditions are such the
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stage is operative except when
the gating pulse is applied. When
used in this manner, the pulse is
known as a disabling gate.

the grid. At the lower right, the
vertical dashed lines show that E,
is zero during the rising or forward
sweep portions of Eqr, but is quite

The dynamic naise suppressor in this amplifier is a gate circuit which passes the high frequency
audia notes when enabled by a signal but otherwise blacks the needle scratch.

A typical example of the use of
a disabling gate voltage is illus-
trated in Figure 21. A CRT is used
as the indicating device for some
type of electron unit such as an
oscilloscope. Only the No. 1 grid
and cathode circuits of the CRT
are shown, and as indicated, the
sawtooth time base voltage Esr is
applied to the horizontal deflection
plates. The rectangular gate volt-
age is coupled by capacitor C, to

Caurtesy Herman Hosmer Scott, Inc.

negative during the return sweep
intervals. In this case, the purpose
of the disabling gate voltage is to
prevent the electron beam from
producing visible traces on the
CRT screen during the short in-
tervals between its desired left-to-
right sweeps. During these inter-
vals, the negative gating pulses of
E, drive the grid to cut off, and
thus an undesirable trace is pre-
vented since no electron beam ex-
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ists during the time that the time
base voltage Esr is changing rap-
idly from positive to negative
peaks.

Enabling Gates

Inother applications, gate pulses
are employed to produce tempo-
rary operation of a stage which is
otherwise inoperative, and when
used in this way, the pulse is
called an enabling gate. Such a
circuit often is employed to pro-

spaced positive pulses as shown at
the upper right. The gate voltage
generator produces the positive
pulse, E¢, which has a width de-
termined by the number of E;
pulses to be included in each group
or burst of the output signal E,.

In the gate circuit, the E; pulses
are applied to the control grid and
cause corresponding variations of
plate current whenever the circuit
is operative. The E; pulses form
the only voltage applied to the

Rs

v

A wave shaping circuit found in radar equipment. It uses diode and triode clippers fo pro-
vide "gates” of proper wave-form.

vide a signal which consists of a
group of pulses. By adjusting the
duration or width of the gating
pulses, the “bursts” of signal may
be made to contain any specified
number of pulses.

An example of a pentode gate
circuit used for this purpose is
shown in Figure 22. Indicated in
block form, the pulse generator
produces the voltage E; which, for
this example, consists of closely

screen grid of V,, while the cathode
is biased positive with respect to
ground due to the charge main-
tained on C; by the cathode circuit
current. Therefore, when E is zero,
the screen grid of V, is negative
with respect to the cathode, and
plate current is reduced to zero.
During this time, the plate has a
high positive voltage because with
no plate current no drop occurs
across Ry, With V, nonconductive,
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the low amplitude E; pulses cannot
produce plate current to cause vari-
ations of plate voltage.

When the positive gating pulse
E; is applied, the positive screen
grid permits a small plate current,
and the drop across R, reduces the
plate voltage slightly to produce
the indicated pedestal.

During the period of the Eg
pulse, the E; pulses are able to
vary the plate current in the usual
manner. Since the E; pulses are

positive in this case, each one in-
creases the plate current, thus re-
ducing the plate voltage below the
pedestal level to produce the nega-
tive-going E, pulses.

Each pulse circuit has a multi-
tude of possible applications. Nat-
urally, there is space for only one of
the more common applications for
each circuit in this lesson. How-
ever, since these are typical, very
little difficulty should be experi-
enced when these basic circuits are
encountered elsewhere.
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IMPORTANT DEFINITIONS
CLAMP—A circuit designed to hold either the positive or negative

voltage peaks at some fixed value above or below the ground
potential.

CLIP LEVEL—That voltage above or below which the signal is passed.

CLIPPER—A circuit designed to remove all portions of a signal above
or below some fixed amplitude.

D-C RESTORER—A clamp circuit designed to reinsert the direct
current component of the signal which was lost in the coupling
device.

DISABLING GATE—A pulse applied to make a circuit inoperative
for the pulse duration.

ENABLING GATE—A pulse applied to an inoperative circuit to
make it operative for the pulse duration.

GATE—A circuit or voltage pulse used to determine whether or not
a signal is passed or blocked.

LIMITER—See Clipper.



STUDENT NOTES

25

FIGURE |

|

TPC-7

"l

FIGURE 8

FIGURE 9

OPERATING
POINT

CUT-OFF

I,~E. CURVE

FIGURE 10

1B

NARROWEO
PULSE

Il

FIGURE 11

Ca

—
OELAYEO
PULSE

Rg

l

c“::t eo /\/

SAWTOOTH

T OUTPUT

TPC-7

14

FIGURE 13




B+

FIGURE 18

E

PEDESTAL

GATE -.r.—) =
VOLTAGE |[€G C3
GENERATOR |o&—
PULSE ‘
GENERATOR |
TPC-17

I

FIGURE 19
HOR. PLATES

O RETURN SWEEP
. et r—;INTERVAL
EqrO-— _.Il —

|
TrorRwaARD | |
g,.swzep |
JNTERVAL | |
0

FIGURE 21

FIGURE 22



_Cut along this line_and send in_for grading _

" DeVRY Technical Institute
Afgliared witk DeFOREST'S TRAINING, INC.
4141 WEST BELMONT AVENUE CHICAGO 41, ILLINOIS
QUESTIONS

Clippers and Gates—Lesson TPC-TA Page 27
l 1 How many advance Lessons have you on hand?. ... . ... ... ...

Print or use Rubber Stamp.

Student

NaMe. No. o,

Street... ... . Zone. ... Grade ..........cccccevevenn.l.

Ciby. .. State........... Instructor ... ... ... ...

Write your answers on the '‘Ans.'’ line below each question. If more space is needed use reverse side of this page.

1. What are the three common types of relaxation oscillators?

[

10.




OUR %wdwt’a NOTEBOOK

JUDGMENT

Experience is acquired only by DOING THINGS.

in Doing Things, W& Maoke Mistakes.
In Moking Mistokes W€ fearn to avoid ©of correct them-

in avoiding them and in correcting them We gain thot

grea! and valved asset of the O\d ond the Experienced——

Judgment.

Judgment, it might oPP€ is to be gained by the
¢ moking @ i gut thot s not
ply mony of

simple process ©
the formulo. 1 ois in makin
them——thc' we learn 10 read the
experience has p\cced there 10 prev

of them twice.

The more quick\y we learn Yo recognize interpret

yhose signols, the sooner do W ability 10

choose paths thot skir! the wrecks of yester 's errors ond
forge ghead toward 'omorrow's Achievemem.
To hove live i ottaining judgment is Yo
hove tived with

Yours for success:

COPVFIGNY
PRINTED IN u.s. A




DefFLECTION CIRCUITS
Lesson TPC-8A

DeVRY Technical Institute

4141 W. Belmont Ave., Chicago 41. lllinois
Affdliated wetk DeFOREST'S TRAINING, INC.




DEFLECTION CIRCUITS

4141 Befmont Ave




The transmitter room of television broadcast station WSM-TV. The control console monitor, the two
network monitors on the extreme left, and the elaborate research oscilloscope mounted on the
cart all use deflection circuits.

Courtesy Federal Telecommunication Labs., Inc.
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DEFLECTION CIRCUITS

Employed in television and elec-
tronic instrumentation, the cathode
ray tube provides a rapid and ef-
ficient means of displaying visually
all types of electrical information.
However, for the tube to perform
these desired functions, the electron
beam must be moved or deflected
back and forth, and up and down
in accordance with the information
being displayed.

In many cases, the beam must be
deflected continuously in either a
horizontal or vertical direction, the
desired movement being a rela-
tively slow sweep in one direction
and a somewhat faster movement
in the opposite direction. The nec-
essary movement of the beam is
imparted by applying voltages of
suitable wave-form to the cathode
ray tube deflection plates or coils,
the voltage being generated by
special types of oscillators and in-
creased in magnitude by suitable
amplifiers.

As explained in a preceding les-
son on cathode ray tubes, the de-
flection plates or coils are named
for the direction in which they
move the electron beam. The de-
flection circuits are named in like
manner. Hence vertical deflection
circuits generate the wave-form
necessary for the vertical deflection,
and the horizontal circuits generate
the horizontal deflection wave-
forms.

Still reviewing the earlier expla-
nations, the electrostatic type of
deflection circuit must produce a
linear sawtooth voltage while the
electromagnetic type must produce
a voltage wave-form that will cause
a sawtooth current through the de-
flection coils. Because of these re-
quirements, there are important
differences in the corresponding de-
flection circuits. In any one appli-
cation, these circuits are of the
same general type but due to the
great difference in the horizontal
and vertical scanning frequencies
makes other variations necessary.
Hence, there are distinct HORIZON-
TAL and VERTICAL DEFLECTION CIR-
cuITS for ELECTROSTATIC and ELEC-
TROMAGNETIC systems.

ELECTROSTATIC
DEFLECTION CIRCUITS

The electrostatic deflection cir-
cuit must provide an alternating
voltage of sawtooth wave-form and
relatively high amplitude. This may
be accomplished with a compara-
tively simple circuit and, for the
smaller cathode ray tubes, the de-
flection circuit components may be
small, low in cost, and light in
weight. Because the deflecting
plates require little power, the de-
flection circuit components do not
have to carry heavy current.

Multivibrator

The schematic diagram of a typ-
ical vertical electrostatic deflection
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circuit is shown in Figure 1. This
circuit contains two double triodes,
of which V, and V, function as the
sawtooth generator and V; and V,
serve as an amplifier providing
push-pull sawtooth voltage to the
cathode ray tube deflection plates.
At the extreme left of the diagram,
synchronizing pulse signals from a
sync pulse clipper are applied to
the coupling circuit C,\R,. Appear-
ing across R,, the signals are ap-
plied to the two stage integrating
circuit, R,C; and R;C;, which is
designed to pass only the low fre-
quency vertical sweep sync pulses
to the grid of V..

Together with V,, this tube func-
tions as a cathode-coupled multi-
vibrator, V. serving as the dis-
charge tube for sawtooth forming
capacitor C; which charges through
R; and potentiometer P, when V,
is cut off, and discharges through
V. and R, when the tube conducts.
The oscillator frequency is adjust-
ed by means of variable resistor R;.

It is common practice to vary
the sawtooth generator output am-
plitude by changing the resistance
through which the sawtooth form-
ing capacitor charges. However, a
secondary and undesirable effect of
this arrangement is that a slight
change in oscillator frequency oc-
curs also. To avoid this interaction
in the circuit of Figure 1 the total
series resistance, P,+R;, remains
constant at all times. Potentiome-
ter P, carries the sawtooth charging

current of capacitor C;, and the
sawtooth voltage drop which ap-
pears across P, is coupled through
C; to the grid of V;. With this
arrangement, potentiometer Pymay
be adjusted to apply the desired
amplitude of sawtooth voltage to
V; without affecting the oscillator
frequency. Therefore, the control
is known as the vertical height
control. Varied to change the oscil-
lator frequency, R, is the vertical
hold control.

V; and V, function as the famil-
iar phase inverting amplifier, with
the V; output coupled through C,
to one of the vertical deflection
plates. In series between B +, and
B—, Ri; and Ry form a voltage
divider, with the junction between
them connected to the V; plate
load resistor R,;. Since neither sec-
tion of the voltage divider is by-
passed, any variation in the V,
plate current will result in a change
in the voltages developed across
R, Ry, and Ry Thus, a part of
the V; output voltage appears
across Rys and is coupled through
Cs to the grid of V,, the output of
which is coupled through C,, to
the other vertical deflection plate.

To improve the wave shape or
“linearity” of the sawtooth output
of the circuit, positive feedback is
obtained by coupling through C,,
and Ry from the V, plate to the
V, plate of the oscillator. In addi-
tion, some negative feedback is in-
troduced by supplying the Cs charg-
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ing current and the V, plate cur-
rent through R; from the tap be-
tween R15 and Rls.

An electrostatic horizontal de-
flection circuit is shown in Figure
2. Again a cathode-coupled multi-
vibrator, V, and V., is used for the
sawtooth generator. The sync pulse

A compact oscilloscope which has two electron guns

and corresponding deflection plates to generote

two wave-forms on the screen at the same time
when comparison is desired.

Courtesy Waterman Products Co., Inc.

signal is applied to the grid of V,
through a two stage differentiating
circuit, C;, R;, Cs, and R,, which
is designed to pass only the hori-
zontal sync. pulses. The oscillator
frequency is controlled by variable
resistor R, which is known as the
HORIZONTAL HOLD CONTROL. In the
circuit of Figure 2, sawtooth form-
ing capacitor C, charges through

the series resistors R; and R,, and
discharges through V, and R,;. The
sawtooth voltage amplitude is de-
termined by the setting of R,
which is known as the horizontal
width control.

The sawtooth voltage is coupled
through C; to the grid of amplifier
tube V;. The V;sawtooth plate cur-
rent is carried by the center section
of auto transformer T, thereby
inducing a sawtooth voltage across
the entire winding. The center sec-
tion acts as the primary and the
entire winding as the secondary.
Thus, a voltage step-up is accom-
plished with the polarity at one
end of the winding 180° out of
phase with that at the other end.

A push-pull action is obtained
by coupling the voltage across the
entire winding through capacitors
Cs and C, to the horizontal deflec-
tion plates. This push-pull applica-
tion of the sawtooth voltage per-
mits the cathode ray tube plates
to have equal voltages with respect
to the second anode, and therefore,
prevents defocusing of the electron
beam due to distortion of the elec-
tric field. The linearity of the out-
put is improved by applying posi-
tive feedback through R,; and C;
from the lower end of transformer
T, to the V, grid.

Blocking Oscillator

To illustrate the application of
a blocking oscillator, a vertical de-
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flection circuit is given in Figure 3.
Here, the synchronizing signal is
applied to the integrating circuit
R, C,, R, and C, and, appearing
across C,, the vertical sync pulses
are coupled through C; and ap-
plied across R; in the oscillator grid
circuit. The single tube, V,, per-
forms the functions of both block-
ing oscillator and discharge tube.
The sawtooth voltage is formed
across C, which charges through
R; and R; and discharges through
V. and the plate winding of trans-
former T.. The oscillator frequency
is controlled by variable resistor
R;, while variable resistor R; con-
trols the sawtooth voltage output
which is coupled through C- to the
grid of amplifier V.,.

Tubes V; and V; form a phase in-
verting amplifier of the same gen-
eral type explained for Figure 1.
That is, in Figure 3, the V; output
is coupled through C,, to one verti-
cal plate and through C; to the
voltage divider Ry and R, from
the junction of which a fraction of
this voltage is applied to the grid
of Vi;. The V; output is coupled
through C,; to the opposite verti-
cal plate. To improve the wave-
form, positive feedback is coupled
from the V; plate to the oscillator
by means of R;; and R,..

The horizontal deflection circuit
in Figure 4 contains a single tube
that performs the functions of
blocking oscillator, discharge tube,
and output tube. In connection
with transformer T,, tube V, oper-

ates as a blocking oscillator with
the sync pulse input coupled
through capacitor C, to the grid
circuit. The negative grid bias is
developed across C,, this capacitor
charging when V, grid current flows
and discharging through R; and
R, when V, is cut off. By varying
the grid bias, variable resistor R,
controls the oscillator frequency
over a narrow range.

When V, is cut off, C; charges,
with electrons flowing from B —
to the C; negative plate. Other
electrons leave the positive plate
and flow through the upper wind-
ing of T, and through the used
part of R; to B+. As in any RC
circuit, C; charges rapidly at first,
but the charging current gradually
dies down. In the upper winding
of T, this changing current pro-
duces a flux which induces a volt-
age in the lower winding. As C; is
connected across this lower wind-
ing, the induced voltage causes a
current which charges C; to the
polarity indicated.

When V,; conducts, both Cs and
C, discharge in series with the tube
and the plate winding of T,. Dur-
ing discharge, the electron flow is
from the negative plate of Cs to
the cathode of V, through the tube
and the plate winding of T, then
to the positive plate of C;. From
the negative plate of C;, electrons
flow to the positive plate of Cs.

As shown, the upper plate of C;
is positive with respect to B— and
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the sawtooth voltage Ec, is coupled
through C; to one horizontal de-
flection plate. The upper plate of
Cs is negative with respect to B -,
and the sawtooth voltage Ec, is
coupled through C; to the other
horizontal plate. Thus, push-pull
output is obtained by means of the
unusual circuit arrangement of Fig-
ure 4, in which part of the saw-
tooth output is formed in the os-
cillator plate circuit and the other
part in the cathode circuit. The
output wave-form is improved by
means of resistors R, and R, and
capacitors C, and C; connected
across the T, windings.

ELECTROMAGNETIC
DEFLECTION CIRCUITS

In order to produce linear de-
flection of the cathode ray beam,
the magnetic flux about the coils
of the deflection yoke must have
sawtooth variation. To produce a
flux of this type, it is necessary
that the deflection coil current has
a sawtooth wave-form. Although
the ELECTROSTATIC DEFLECTION
SYSTEM REQUIRES A SAWTOOTH
VvOLTAGE for the deflection plates,
the ELECTROMAGNETIC SYSTEM RE-
QUIRES A SAWTOOTH CURRENT for
the deflection coils.

Production of
Sawtooth Current

If the magnetic deflection coil
circuit consisted of resistance only,
a sawtooth current could be pro-
duced in it simply by applying a

sawtooth voltage. Thisis illustrated
in Figure 5A, where, applied to
resistor R, sawtooth voltage e, re-
sults in current Iz having sawtooth
wave-form. However, due to the
inductance of the deflection coils,
an applied sawtooth voltage does
not cause a sawtooth current. If
the magnetic deflection coil circuit
consisted of inductance only, with
no resistance, a sawtooth current
I. could be produced by applying
a rectangular voltage as shown in
Figure 5B.

However, in a practical magnetic
deflection circuit, the coil induct-
ance L and resistance R, are ef-
fectively in series with the ampli-
fier tube plate resistance R, as
shown in the simplified circuit of
Figure 5C. Therefore, as the cir-
cuit contains both resistance and
inductance, neither a sawtooth nor
a square wave of applied voltage
will produce sawtooth current. To
provide sawtooth current in a cir-
cuit of this type, the impressed
voltage must have a trapezoidal
wave-form, that is it must have
both square and sawtooth com-
ponents as shown by voltage e, of
Figure 5C.

One method of producing a
trapezoid voltage is illustrated in
Figure 6A, where tube V, repre-
sents the discharge tube of the
deflection voltage generator, and
R, the high resistance through
which sawtooth-forming capacitor
C. charges. A second resistor, R,,



Deflection Circuits

Page 9

is connected in series with capaci-
tor C, so that both the charge and
discharge currents of C, are car-
ried by it. Since the resistance is
relatively small, it has little effect
on the charging and discharging

ground through V, to the positive
plate of C,. In Figure 6B the saw-
tooth voltage that is developed
across C, is indicated by ec.

Having the wave-form shown as

All cathode ray tebes require either electrostatic, electromagnetic, or a combination of the
two deflection systems to trace patterns or the screens.

rates of the capacitor. When V, is
cut off and C. is charging, electrons
flow from ground through R, to
the negative plate of C,, and from
the positive plate through R, to
B 4. When V, conducts, electrons
leave the negative plate of C,, flow
through R, to ground, and from

Courtesy Allen B. DuMont Labs., Inc.

er, in Figure 6B, an alternating
voltage is developed across R, by
the charge and discharge currents
of C,. Referring to Figure 6A,
when C, is charging, the direction
of electron flow is such that the
upper end of R; is positive with
respect to ground, and when C, is
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discharging, the electron flow re-
verses to make the upper end of
R negative with respect to ground.
At the beginning of the cycle, the
charging current is maximum and
er, has a maximum positive value
as shown in Figure 6B. As C,
charges, the current decreases and
er, falls toward zero. At the be-
ginning of the discharge interval,
the discharge current has a high
value and a high negative voltage
drop is produced across R,, but as
the discharge current dies down,
the negative value of eg, is reduced.
The instant V; stops conducting,
C, again begins to charge and the
polarity of er, becomes maximum
positive immediately, thus com-
pleting the cycle.

As indicated in Figure 6A, the
output voltage e, is developed
across C; and R, in series, and
therefore, at every instant, will be
equal to the sum of ec and eg,.
This addition is shown graphically
in Figure 6B where the addition
of the ec and eg, provides the trape-
zoidal wave-form e,. When used
for this purpose, R, of Figure 6A
is called a PEAKING RESISTOR.

An example of a vertical electro-
magnetic deflection circuit is given
in Figure 7. Here, integrating cir-
Cllit Rz, Cl, Ra, Cz, Rq, and 04 18
in the gl'id circuit. Vl, Tl, Ca, Rs,
and R; form a blocking oscillator.
The grid of tube V, is connected
directly to the grid of V, which
serves as the discharge tube for

sawtooth forming capacitor C,. The
peaking resistor R; and the vari-
able resistor Ry, are in series with
Cs. Thus, during the C; charging
period, electrons flow from ground
through the used part of R,,, and
through R; to one plate of C;. Leav-
ing the other plate, electrons flow
to height control potentiometer P,
and through this unit to B +.

During the discharge period,
electrons flow from C, through R,
and Ry, to ground and back through
V, to the other plate of C,. This
results in a trapezoid voltage being
formed across C; and R; in series,
and this voltage is coupled through
C- to the grids of V; and V..

Asshown, V;and V, are operated
in parallel, with their respective
elements tied together. Therefore,
R, forms the grid resistor for both
grids and R,, the common resistor
for both cathode circuits. In like
manner, the plate currents of both
tubes pass through the primary of
transformer T:, by means of which
the output is coupled to the verti-
cal coils of the deflection yoke. Re-
sistors Ry, and Ry;, each connected
in parallel with one of the deflec-
tion coils, reduce the magnitude of
the voltage that is induced across
the coils during the rapid changes
of current, while capacitor C,, ab-
sorbs the energy from the T, sec-
ondary at the same time, thus pre-
venting any tendency toward os-
cillation.

To decrease distortion of the am-
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plifier plate current wave-form, the
charge and discharge currents of
Cs are passed through the used
portion of variable resistor R,,. As
shown in Figure 7, the upper plate
of C; becomes more and more posi-

across this resistor. Although C; is
employed to maintain the bias,
Er,o, constant, its filtering action
is not completely effective because
the voltage variations occur at such
a low rate.

These three guns and six pairs of deflection plates are included in the neck of a special purpose
cathode ray tube. Hence, three individual curves can be traced on the screen at the same time,

tive as this capacitor charges, and
this positive increase is applied to
the grids of V; and V.. The positive
swinging grids cause the plate cur-
rents of these tubes to increase and,
carried by R,,, these currents tend
to cause an increase of voltage drop

Courtesy Electronic Tube Corporation

When charging, the charging
current of C; is decreasing, while
at the same time, the plate cur-
rents of V; and V, are increasing.
As all of these currents pass in the
same direction through R, the
decreasing capacitor charging cur-
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rent counteracts the effects of the
increasing plate currents, thus
tending to maintain Eg,, constant.

During the discharge of Cs, elec-
trons leave this capacitor, flow
through R; and into Cs. Also, leav-
ing the lower plate of Cs, electrons
flow to ground, then through V,
to the upper plate of C,. This would
seem to discharge C; as well as C,,
and, to some extent, it does. How-
ever, the capacitance of C; is many
times as great as that of Cs, and a
discharge current of sufficient am-
plitude to discharge C; results in
only a very slight change in the
potential across C,;. This is true
because the voltage across a capaci-
tor is directly proportional to the
quantity of electrons stored by it,
but inversely proportional to its
capacitance.

The slider on R, permits vary-
ing the bias voltage so that the
amplifier tubes operate at the point
on their characteristic curve which
results in the most linear output
wave-form. For this reason, R, is
called a linearity control.

A horizontal electromagnetic de-
flection circuit is shown in Figure
8. Here, V,, T, C;, Ry, Ry, and Ry,
constitute a blocking oscillator
which controls the conduction and
cutoff periods of discharge tube V..
The frequency is controlled by var-
iable resistor Ry, and the trapezoid
voltage is formed across capacitor
C, and variable peaking resistor Re.

Between the V. plate and the
C¢R; combination, coupling capaci-
tor C; has a capacitance many
times that of C; and has very little
effect on the charging and discharg-
ing of Cs. In this way, a trapezoid
voltage is developed across the
CsRs combination, even though it
is not connected directly to the V.
plate.

The linearity of the output wave-
form is determined by the setting
of Rs, upon which depends the
magnitude of the negative “‘spike’
of the trapezoid wave. As shown,
transformer T. couples the output
from amplifier tube V; to the hori-
zontal coils of the deflection yoke.

Damping Tube

To provide for the rapid return
or flyback of the electron beam
from the end of one sweep to the
start of the next, it is necessary
that the current decline very rap-
idly in the deflection coil and in the
coupling transformer primary and
secondary. Induced in these coils
by the rapid change of current dur-
ing the return sweep period, high
voltage pulses tend to throw this
tuned circuit into momentary os-
cillation at its resonant frequency,
which is generally between 75 and
100 kilocycles.

Called a damping tube, V, is
employed to prevent or damp un-
desired oscillations by drawing a
heavy current during the portions
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of the oscillation which makes the
damping tube plate positive with
respect to its cathode, so that the
energy of these oscillations is ab-
sorbed by the V, circuit. Thus, the
induced voltage wave-form is
damped very rapidly so far as os-
cillations are concerned and the
coil current has the desired linear
sawtooth shape.

Deflection coil circuit oscillations
which are detrimental to the image
occur at the beginning of the scan-
ning interval, immediately after the
end of the flyback period. As ex-
plained, these oscillations are due
to the high voltages induced by
the rapid change in magnetic flux
at the instant the circuit current
reverses direction.

At this instant, the upper end of
the T, secondary winding becomes
highly positive and causes heavy
conduction of damping tube V,.
The V, conduction is not harmful
to the scanning motion of the cath-
ode ray tube beam because very
little deflection coil current is re-
quired at the beginning of the scan-
ning period. The heavier the con-
duction of the damping tube, the
greater its effect and the shorter
the duration of the oscillation.

Even after oscillations have
ceased, the damper continues to
draw a small current for the re-
mainder of the trace. During con-
duction, the damping tube forms
a resistance path in series with the
inductance of the deflection coil,

and this circuit may be represented
by the simplified arrangement
shown in Figure 5C.

In a series LR circuit, the rate
of current change depends upon
the inductance and resistance. The
time T, in seconds, required for
the current to decay to 36.8% of
its initial value is given by the
formula T=L/R, where L repre-
sents the inductance in henrys and
R the resistance in ohms. This
value, L/R is called the time con-
stant, and the formula shows that
the time required for a given
amount of current change in an
LR circuit is inversely proportional
to the circuit resistance.

The damping tube may be con-
sidered as a low resistance during
conduction and infinite resistance
during cutoff. Although it is per-
missible for the damping diode to
conduct during the longer time in-
terval for the trace, in order that
a rapid decay of current may occur
during the flyback interval, the
damping tube must be cut off to
provide a high resistance and a
small circuit time constant. This
requirement is satisfied when tube
V., is so connected that the induced
secondary voltage in T, makes the
V., plate negative during the fly-
back time.

Power Feedback

Diode V, has the primary func-
tion of damping the deflection coil
circuit to prevent oscillation, how-
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ever, in the circuit arrangement of
Figure 8, the energy thus acquired
by the V, circuit is stored, and sub-
sequently used, instead of being
dissipated in the form of heat. This
arrangement is known as a POWER
FEEDBACK or VOLTAGE BOOSTER cir-
cuit and the magnetic energy in
the fields of the T, secondary and
the deflection coils is stored in
capacitor Ci,.

As explained for the damping
tube, the sudden reversal of cur-
rent at the end of the retrace or
flyback period induces a high volt-
age surge in the secondary of trans-
former T,. This surge is applied to
the plates of tube V, in series with
the B +. supply voltage connected
to the tap on the secondary wind-
ing. This increased voltage causes
a current surge through V,to charge
capacitor C, to the indicated po-
larity. The electron path is from
the positive plate of C,; through V,
from cathode to plate, through the
secondary winding to the tap,
through the plate supply from B +.
to the grounded B — and back to
the negative plate of C...

Tracing the circuit from the
plate of V;, there is a path through
the T, primary and coil L, to the
positive plate of C, and a second
path from the V, screen grid
through Ry, and R;, to the same
plate of C. Furthermore, since the
V,; cathode connects through R,
to ground and the negative plate
of C,; connects to ground, this ca-

pacitor serves as a d-c voltage
source for V. Therefore, by recti-
fying the voltage produced across
the T; secondary, tube V, and ca-
pacitor C,; utilize energy that
otherwise would be lost.

For the purpose of attaining the
satisfactory sawtooth current
wave-form, the circuit of Figure 8
contains two linearity controls, coil
L, and potentiometer P,. Varying
the adjustable iron core of L, re-
sults in changing the inductive re-
actance in the V; plate circuit,
while, from the slider on P,, feed-
back energy is coupled through R,
and C; to the V; grid, and through
C, to the plate circuit of V..

Another vertical electromagnetic
deflection circuit is shown in Fig-
ure 9. Including tubes V, and V,,
the deflection voltage generator is
of the conventional multivibrator
type. That is, the cathodes are
grounded, the V plate is coupled
through capacitor C; to the V, grid,
and the V, plate is coupled through
capacitor C; to the grid of V.. The
sync input is impressed across R,
while the oscillator frequency is
controlled by potentiometer P, in
the V. grid circuit. The deflection
voltage is formed across parallel
capacitors C; and C; which are
charged in series with resistor Rs,
height control potentiometer P,
resistor R, and linearity control po-
tentiometer P,.

Similar to the arrangement ex-
plained for Figure 7, in Figure 9
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capacitors C; and C; discharge cuits is not needed, a damping tube
through tube V., resistor Ry, and isn’t necessary, and Rs and Ci.
potentiometer P, which provides will prevent the oscillations in the
a linearity control. The V; output transformer circuits.

Y X E
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X Y

A —HIGH-VOLTAGE ELECTRODE (ANODE No. 2} K = CATHODE
B==INNER SET OF DEFLECTING ELECTRODES O = APERTURES
C = OUTER SET OF DEFLECTING ELECTRODES $ = FLUORESCENT SCREEN
E = GLASS ENVELOPE XX =PAIR OF COILS FOR PRODUCING MAGNETIC FIELD
F=FOCUSING ELECTRODE (ANODE No. 1} YY ==PAIR OF COILS FOR PRODUCING MAGNETIC FIELD
G — CONTROL ELECTRODE (GRID No. 1} AT RIGHT ANGLES TO THAT PRODUCED BY THE PAIR
H = ACCELERATING ELECTRODE {GRID No. 2) OF COILS XX

NOTE: ELECTRODES K, G, H, F, AND A CONSTITUTE AN “ELECTRON GUN".

(00000

SCHEMATIC ARRANGEMENT OF ELECTRODES IN A CATHODE-RAY TUBE:
1. Electromagnetic-Deflection, Electrostatic-Focus Type
2. Electrostatic-Deflection, Electrostatic-Focus Type

Courtesy Rodio Corporotion of Americo

is coupled by transformer T} to the Figure 10 shows a horizontal de-
vertical deflection coils. Since the flection circuit in which tubes V,
very short flyback time required and V. form a cathode coupled
for most horizontal deflection cir- multivibrator, the circuit of which
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is slightly modified from those
which have been explained previ-
ously. As usual, energy is fed back
through C. from the V, plate to
the grid of V.. However, the V, grid
circuit is completed through an
automatic frequency control circuit
(not shown), the operation of which
is explained in a later lesson.

Another variation is that the os-
cillator frequency determining
components are not in the V, grid
circuit and, as shown, this grid is
connected directly to ground.
Rather, the frequency is deter-
mined by the setting of L, which,
together with C,, forms a parallel
resonant circuit in the oscillator
cathode circuit. As in the case of
any multivibrator, tubes V. and V;
alternately conduct and are cut
off, with one being conductive
while the other is cut off, and vice
versa.

The deflection voltage is formed
across series-connected C; and R,
with the capacitor charging while
V., is cut off and discharging when
this tube conducts. The C, capaci-
tance is small in comparison to
that of C; so that its effect on the
trapezoid voltage is negligible. The
resulting trapezoid voltage is cou-
pled through C; and R; to the grid
of amplifier tube V;, the output of
which is coupled through trans-
former T, to the horizontal deflec-
tion coils shown at the extreme
right.

In series with the deflection coils,
variable inductance L; controls the
amplitude of the sawtooth current
and thus functions as the width
control. Required by the frequency
control circuit for its proper opera-
tion, a portion of the deflection volt-
age is fed back through the filter
composed of Ry, Ry, and C..

As shown, a double triode tube,
V,, is employed to damp the oscilla-
tions in the deflection coil circuit.
Similar to the damping tube of
Figure 8, V, is connected so that it
is conductive during the cathode
ray tube electron beam forward
scanning intervals and cut off dur- -
ing the flyback periods.

During the forward scanning in-
terval, the upper end of the sec-
ondary on transformer T, is highly
positive and Cs charges to the po-
larity indicated, with electrons
leaving the upper positive plate
and flowing through the trans-
former secondary to the tap near
its lower end, and then down
through L; to ground. From ground
the electron path is to the lower,
positive plate of C,. Other electrons
leave the upper, negative plate of
this capacitor and flow through
potentiometer P, and resistor Ry,
to the C; negative plate.

The direction of electron flow in
C, would seem to discharge it and
charge it to the opposite polarity,
but because the capacitance of C;
is much smaller than that of C,
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and because most of the C; charge
is supplied by cathode-to-grid elec-
tron flow in V,, the effect on the C,
charge is negligible.

In parallel with C,, series con-
nected resistors R, and R, also
carry a small part of the C; charg-
ing current. Carried by R,,, P,, and
R, this current develops a voltage
drop that makes the upper end of
R.. positive with respect to the
RiRy; junction. Applied through
R.; and R; respectively, this volt-
age makes the V, grids positive to
their cathodes and results in the
heavy tube conduction that pro-
vides good damping action in the
deflection coil circuit.

With the grids positive, there is
cathode-to-grid electron flow in V.
Passing through Ry; and R, re-
spectively, this current causes the
grid ends of these resistors to be
negative with respect to the upper
end of R, and thus limits the posi-
tive swings of the grids to prevent
excessive plate current, with pos-
sible damage to the tube. Due to
the relatively low-resistance of Ry,
and Ry;; and Ry; in parallel, the
cathode-to-grid electron flow
charges C; very quickly and re-
duces the charging current to zero.
The C, discharge current through
P,, Ry, and C; is reduced also to
zero. Now, C, discharges through
R.. and the parallel combination of
Ry and C,o, but because Ry, has a
large resistance, C, discharges
slowly and the negative voltage

developed across R, is sufficient to
maintain V, cut off for the re-
mainder of the forward sweep in-
terval.

At the end of the sweep, the
voltage at the upper end of the
transformer secondary suddenly
reverses polarity and becomes high-
ly negative. This high negative

A transformer of the type used as vertical output
transformers.

Courtesy Standard Transformer Corp.

voltage causes C; to discharge rap-
idly, with electrons leaving its
lower, negative plate and flowing
through Ry, and P, to the C, nega-
tive plate. Other electrons leave
the positive plate of C, and flow
to ground and then through L; and
the transformer secondary to the
C; positive plate. Flowing in this
direction, the electrons replace the
C, charge that was lost during the
forward sweep interval. As the ca-
pacitance of C, is much greater
than that of C;, after an initial
series of cycles, the C, charge re-
mains practically constant while
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the C; charge varies appreciably
during each cycle.

Thus, V, conducts only during

The 6BL7G is a duo-triode. This tube is used in the

© oscillator and power output stoges of the verti.

cal electromagnetic deflection circuits such as TV
receivers.

Courtesy Sylvania Electric Praducts, Inc,

the short period of oscillation at
the beginning of the scanning and
is cut off during the remainder of
the interval. The conduction period

of V,, and thus the shape of the
sawtooth current at the start of
the sweep, may be varied through
changing the resistance in the Cs
charge path by adjusting the slider
on potentiometer P,, which thereby
serves as a linearity control.

The vertical electromagnetic de-
flection circuit of Figure 11 illus-
trates a method of frequency stabi-
lization that may be employed with
any blocking oscillator. Here, the
sync input is applied through the
three stage integrating circuit, R,
C, R, Cy, Ry, and C; to the grid
circuit of blocking oscillator V,
which also serves as the discharge
tube for the sawtooth forming ca-
pacitor Cs.

The oscillator frequency is de-
termined by the setting of the hold
control, R¢, while in series with the
C, charging circuit, R;; functions
as the height control. Also in series
with C; are the peaking resistor
R0 and resistors R, and Ry; of the
V. cathode circuit. By permitting
adjustment of the operating point
of the amplifier tube, R,; serves as
the linearity control. The V. out-
put is coupled through transformer
T, to the vertical deflection coils,
the d-c circuit of which includes
VERTICAL POSITION CONTROL P,.

Frequency Stabilization

To prevent oscillator frequency
variations, a special circuit ar-
rangement is employed in the de-
flection circuit of Figure 11. The
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stabilizing action is achieved by
virtue of the fact that the V, hold
control R, is connected to the junc-
tion between voltage divider re-
sistors R; and R; instead of to
ground in the usual manner. The
grid-leak bias voltage is developed
across R; and Rs, the grid end of
R; being negative with respect to
the voltage divider end of R;. The
complete divider includes R;, Rg,
R,;, and Rj; and is connected from
B — to point “X,” which is posi-
tive with respect to B —. Carried
by R the divider current causes
the voltage drop Eg, to have the
polarity indicated. Thus, in the V,
grid-cathode circuit, Eg; is in series
opposition to the grid-leak bias,
Er;rs, therefore the net negative
grid bias is equal to Errg— Eg;.

To illustrate the stabilizing ac-
tion, suppose the supply voltage
at point “X” increases. This will
raise the V, plate voltage, causing
the pulses of plate current to have
greater amplitude. Supplied through
T\ to the grid circuit, the feedback
energy will be increased, causing
an increase in the developed grid-
leak bias voltage.

A higher negative bias, Eggg,,
tends to decrease the frequency of
oscillation. However, with point
“X”” more positive, the divider cur-
rent will increase causing Eg, to
increase also, thus counteracting
the increase of Eg;r, so that the net
negative bias, and the frequency,
will remain constant. In a similar

manner, any decrease in the sup-
ply potential at point “X’’ results
in a decrease in both Egg, and
Egr,, and again the net negative
bias remains unchanged.

For improved performance, the
horizontal deflection circuit shown
in Figure 12 employs an electron-
coupled sine wave oscillator and
automatic frequency control, the

A horizontal deflection transformer of the air core
type found in TV receivers.

Courtesy Merit Coil and Transformer Corp.

circuit of which is not shown. Al-
though the oscillator generates a
sine wave voltage across the reso-
nant circuits of transformer T, the
tube operating conditions are such
that the V, output is nearly square
wave. Applied to the differentiat-
ing circuit C;R;, the square wave
voltage is changed into a series of
alternate narrow positive and nega-
tive pulses.

These pulses are coupled through
capacitor C, to the V, grid, where
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the positive peaks cause cathode-
to-grid electron flow which pro-
duces a high value of grid-leak bias
across resistor Rq. This high nega-
tive bias maintains V, at cutoff
except during the very short posi-
tive peaks of the input wave. There-
fore, sawtooth forming capacitor
C; charges during the long period
when V, is cut off and discharges
in the short intervals when the
tube conducts.

The 25W4GT, a half-wave, high-vacuum rectifier,
may be used as a damping diode in horizontal
sweep circuits.

Courtesy General Electric Co.

Peaking resistors Rs and R, re-
sult in a trapezoidal output, the
amplitude of which can be con-
trolled by adjustment of R,. As
explained above, distortion of the
wave-form is reduced due to the
fact that the C; charge and dis-
charge currents pass through the
Vs cathode resistor R,;. The ampli-
fier output is coupled through
transformer T, to the horizontal
coils, and oscillations are damped
by the double diode, V..

As in the circuit of Figure 8,
here the damping tube V, is con-
nected so that the alternating volt-
age across the T, secondary is
converted to a stored charge on
capacitors Cy and Cjo. The charge
on C, is employed to supply the
plate circuit of amplifier tube V.
Also, point “X” in this circuit is
connected to point “X” in the cir-
cuit of Figure 11. Thus, the d-c
charge on C, also provides the
high voltage supplied to plate cir-
cuit of the vertical deflection os-
cillator.

Deflection Voltage
Failure Protection

In order to prevent damage to
the cathode ray tube screen in the
event of the failure of any tube or
part, some deflection circuits em-
ploy what is known as a “deflec-
tion failure circuit.” Such an ar-
rangement is shown in the circuit
of Figure 13. The deflection volt-
age generator portion of this cir-
cuit is the same as that employed
in the circuit of Figure 12, and
consists of the electron coupled os-
cillator V,, differentiating circuit
C.R,, discharge tube V, and series
connected sawtooth forming capac-
itors C; and C..

The deflection voltage generator
output is coupled through C;, Rs,
and R; to the control grids of paral-
lel connected pentode amplifier
tubes V; and V,. These tubes are
operated in parallel to provide the



Deflection Circuits

Page 21

high amplitude sawtooth current
required for the horizontal deflec-
tion coils. As indicated, the sec-
ondary of transformer T, is con-
nected to the horizontal coils of
the deflection yoke. Also, connected
across this winding is the circuit
of the double triode damping tube
V., which is employed in the same
type of circuit as shown in Fig-
ure 10,

In Figure 13, variable resistor
R, functions as the linearity con-
trol, while potentiometer P, is the
horizontal positioning control.
Connected between ground and a
tap near the lower end of the trans-
former secondary, potentiometer P,
has a small portion of the output
voltage wave-form appearing across
it.

During the flyback period, the
output is a short negative voltage
pulse. Taken from the P, slider, a
small portion of the negative pulse
is fed into the sawtooth forming
circuit of C; and C,, where it is
added in series with C; sawtooth
to form the required trapezoidal
voltage. The amplitude of this volt-
age, and the resulting sawtooth
current wave-forms can be con-
trolled by means of the slider on P,.

In Figure 13 tubes V; V; and
Vs and their associated circuits pro-
tect the screen of the cathode ray
tube in the event of deflection volt-
age failure. Briefly, this circuit is
arranged to operate so that so long
as both horizontal and vertical de-

flection voltages are present, tube
V: is conductive and the contacts
of relay K are maintained in the
closed position, thus permitting the
normal bias to be applied to the
cathode ray tube. If either the hori-
zontal or vertical deflection circuit
becomes inoperative, V; cuts off,
the contacts of relay K open, and
a high negative bias is applied to

A horizontol output tronsformer of the type used
in television electromagnetic deflection systems.

Courtesy Stondord Tronsformer Corp.

the cathode ray tube grid so that
the intensity of the spot is greatly
reduced.

The double triode tube V;V; is
operated so that normally the V;
section is conductive while the V,
section is cut off. The winding of
relay K is in series in the V; plate
circuit so that the plate current
energizes the relay, thus keeping
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its contacts closed. Potentiometer
P; is the brightness control and
from the slider on this unit, a posi-
tive voltage is applied through the
contacts of K to the cathode ray
tube cathode. Note that, when
closed, the relay contacts short out
resistor Ra,.

If for any reason V; is cut off,
the relay is de-energized and its
contacts open. This places R, in

A view of a deflection yoke with the cover re-

moved. Due to the high voltage supplied to the

coils, the vertical and horizontal coils must be well

insulated from each other by the plastic material
shown between them,

Courtesy Merit Coil and Transformer Corp.

series between the slider on P; and
the cathode ray tube cathode. R,
has a high resistance, therefore the
tube electron beam current devel-
ops a high voltage drop across Ry
such that the cathode end is posi-
tive with respect to the end which
connects to P;. This positive cath-
ode voltage is equivalent to a high
negative grid bias, and therefore,

the intensity of the spot is reduced
to a very low level.

As shown, tubes V; and V; em-
ploy a common cathode resistor
Rz. The V; grid is returned through
resistor R,y to B— which, with
respect to ground, has a sufficiently
high negative value to cut off this
tube. However, operating as an
inverted diode, V; employs the out-
put of the horizontal deflection cir-
cuit to develop a positive voltage
across R,s. The voltage divider Ry;
and R, is connected to the tap
near the lower end of the secondary
of transformer T,. Thus, a part of
the deflection circuit output is cou-
pled through C; to the V; cathode.

The negative peaks of the out-
put wave causes conduction of Vi,
thereby charging C,, to the polar-
ity indicated. During the intervals
between the peaks of the applied
voltage, C, discharges through Ry,
to produce a voltage drop of the
indicated polarity. The electron
flow here is from the C,, negative
plate through Ry to ground, and
from ground through P,, Ry, and
R,y to the positive plate of C,.. As
the voltage drop Eg,, is in opposi-
tion to that applied from B —, the
total bias between the V; grid and
cathode is reduced so that suffi-
cient plate current is permitted to
energize relay K.

However, should the horizontal
sweep circuits fail for any reason,
no signal is applied to Vg, and volt-
age Eg,, drops to zero. With no
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positive bias voltage across R,
the V; grid is reduced to the B —
potential, thus cutting off this tube.
As mentioned, this opens the con-
tacts of K, and R, is inserted in
the cathode ray tube cathode cir-
cuit.

Coupled to the grid of V through
capacitor C,;, the vertical deflec-
tion output voltage produces suf-
ficient voltage drop across R, to
bias the tube to cutoff. Should the
vertical deflection circuit fail, there
will be no drop across R;, and the
V, grid potential will be the same

as that of the cathode. The result-
ing heavy conduction in this tube
will produce a very high voltage
drop across cathode resistor R,
Since this resistor is in the grid-
cathode circuit of V; also, the high
voltage across R;,, acting in series
with Eg,, and the B — potential, is
enough to cut off V,. Thus, failure
of either deflection circuit results
in V; being cut off, and as ex-
plained, a high bias is applied to
the cathode ray tube grid so that
the beam intensity is reduced to a
level which does not damage the
screen.



Page 24 Deflection Circuits

IMPORTANT DEFINITIONS

DAMPING TUBE—An electron tube connected across the deflection
coils of a cathode ray tube to prevent or damp the oscillations
produced by the rapid decay of the current.

FLYBACK-—The rapid return of the electron beam from the end of
one sweep to the start of the next.

HEIGHT CONTROL—In a cathode ray tube deflection circuit, the
control by which the vertical amplitude of the screen pattern is
varied.

HOLD CONTROL—In a cathode ray tube deflection circuit, the
control by which the oscillator frequency may be varied.

LINEARITY CONTROL—(lin ee AIR i ti k'n TROHL]—In a
deflection circuit, the control used for improving the wave-form
so as to produce a linear sawtooth output.

TRAPEZOIDAL—(trap e ZOY d’l]—A wave-form containing both
square and sawtooth components.

WIDTH CONTROL—The control by which the horizontal length of
the cathode ray tube pattern is changed.
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The monitor console for a television studio. The home type receiver (under clock) may be used to

monitor the transmitted program. Each of the monitoring units contains its own high

voltage supply. Courtesy WMAR-TV
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HIGH VOLTAGE POWER SUPPLIES

In an earlier lesson we explained
that the grid, plate, screen grid,
and heater voltages for most tubes
employed in electron apparatus are
obtained from a “low voltage”
power supply which may be oper-
ated from the common 117 volt
house lighting supply or from bat-
teries by employing a suitable vi-
brator or interrupter. A typical
supply of this type provides an
output of from 100 to 400 volts
with current up to 200 or 300 mil-
liamperes. However, to produce an
acceptably bright image on the
screen of a cathode ray tube, or to
permit satisfactory operation of a
Geiger-Mueller radiation detector,
potential differences on the order
of a thousand or more volts are
required, although the current
drain is low, seldom exceeding a
few milliamperes.

To meet the requirements of high
voltage-low current circuits, five
general types of power supplies
have been developed. Known gen-
erally as 60 cycle, flyback, pulse,
r-f, and vibrator, each type is
slightly different in design and op-
eration, and therefore, these are
described separately in this lesson.

Although shown connected to
cathode ray tubes in many of the
Figures for illustrative purposes,
these supplies may be employed
with any apparatus requiring a
high voltage at a relatively low
current.

60 CYCLE SUPPLIES

Except that its power transform-
er, rectifier tube, and filter com-
ponents are designed for operation
at higher voltages, the 60 cycle,
high voltage power supply is simi-
lar in design and operation to the
low voltage types described in a
previous lesson. Because of the low
current required, high voltage sup-
plies usually employ half wave rec-
tification, and the usual filter
chokes are replaced by resistors of
such resistance that the filter ca-
pacitors need a capacitance of only
.05 ufd or less for the proper t/T
ratio.

Oscilloscope Power Supply

To illustrate these similarities
and differences, the schematic dia-
gram of a combined high and low
voltage power supply as employed
in a cathode ray oscilloscope is
given in Figure 1. Shown in the
lower part of the diagram, the low
voltage supply consists of full-wave
rectifier tube V;, and a number of
output filter components. One low
voltage transformer secondary is
connected across the V; filament
while taps on the larger secondary
supply equal voltages between each
of the V; plates and ground. Three
output voltages are available: one
of 350 volts is filtered by Cs, L,
and C;, one of 250 volts, obtained
across C; with Ry, and C; serving
as an additional filter, and a third
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output of 395 volts, filtered by C,,
Lz, and Clo.

The high voltage supply includes
the portion of the power trans-
former secondary between the
ground tap and the upper end,
half wave rectifier tube V,, filter
capacitors C;, C;, and C;, filter
resistors R, and R,, and voltage
divider R;, P,, R;, Rg, and R,. V,
is connected so that the high volt-
age output is negative with respect
to ground. Electron flow is from
the V; filament, through the tube
and through R,, R;, R, Py, Ry, R,,
and R, to ground, and from ground,
the path is completed through the
transformer secondary winding to
the rectifier filament. As indicated,
filter capacitors C;, C,, and C; are
charged with their ungrounded
plates negative.

Connected to the junction be-
tween resistors R; and R, the cath-
ode of the electrostatic type cath-
ode ray tube, V,, is at a potential
of —2900 volts. The cathode ray
tube control grid connects through
R, and R; to the junction between
R, and R;, and therefore, is nega-
tive with respect to the cathode.
Providing a means of controlling
the brightness of the image, the V,
negative grid bias may be varied
by adjustment of the brightness or
intensity control P,.

Connected to the slider of P,,
the V, focusing electrode is posi-
tive with respect to the cathode.
Internally connected together, the

pre-accelerating electrode and the
second anode are supplied from the
4250 volt output of the low volt-
age supply, and therefore, these
elements are 250 + 2900 or 3150
volts positive with respect to the
cathode. With this circuit the high
and low voltage supplies are con-
nected series-aiding to provide the
high voltage needed for the cathode
ray tube second anode.

To prevent arc-over due to a
high difference of potential be-
tween the V, heater and cathode,
the heater is isolated from the
other tube heaters by a sepa-
rate winding. As a protection
against high voltage shock, inter-
lock plug PL is included in the line
which connects the 117 volt a-c
power source to the primary of
transformer T, This plug is ar-
ranged mechanically to open when
the oscilloscope cover is removed.

Voltage Doubler

A second application of the 60
cycle type supply is illustrated in
Figure 2. Here, tubes V, and V,; and
capacitors C, and C; form a voltage
doubling circuit. Applied to the
primary of transformer T, the 117
volt a-c is stepped up to about 4400
volts rms across L,. During the
alternations that the upper end of
L, is negative with respect to the
grounded end, V, conducts and
charges C, to approximately the
peak applied voltage, which is 1.4 x
4400 or about 6000 volts, and to
the polarity indicated. During the
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alternations that the upper end of
L, is positive with respect to the
grounded end, its voltage is applied
series-aiding with Ec¢,, causing V.
to conduct, thus charging C. to
approximately twice the peak or
about 12,000 volts. Abbreviated as
kv, the term kilovolts often is used
to represent thousands of volts
when referring to the output poten-

connections, the V, and V. heaters
are operated at high potentials
above ground, and therefore, each
employs a separate secondary
winding.

The 60 cycle type supply has
high power handling capabilities
which are not needed, however, in
many applications because of the

A view of the power supplies on a television receiver chassis. The low voltage transformer
and rectifier are visible on the left and in the cage is the horizontal deflection circuit amplifier
tube, transformer, and high voltage rectifier.

tial of high voltage power supplies.
Thus, in Figure 2 the 12,000 volt
output is shown as 12 kv, and as
indicated, it is applied through
filter resistor R, to the anode of the
cathode ray tube. In this case, the
cathode ray tube cathode operates
at or near d-c ground potential,
however, because of their circuit

Courtesy Philco Corp.

low circuit current requirements. In
some applications, the advantage
of this type of supply is its ability
to supply heavy current without
excessive drop of its output voltage.
However, because of the extremely
high voltages employed, in many
circuits this factor is a disadvan-
tage due to the shock hazard pres-
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ent when the equipment is being
serviced. Also, most of the 60 cycle
type power supply components are
larger, heavier, and more costly
than those used in the other types.
It is for these reasons, that the 60
cycle type high voltage supply often
is replaced with other types.

FLYBACK POWER SUPPLY

In the lesson on deflection cir-
cuits, it was explained that a saw-
tooth current is employed in the
deflection yoke of the electromag-
netic types of cathode ray tube and
that during the flyback portion of
the sawtooth cycle, this current
decreases rapidly from a high to a
very low value. When the deflection
frequency is sufficiently high, the
high-voltage pulse developed across
the output transformer by the
rapidly decreasing current may be
rectified to provide the d-c voltage
required for the cathode ray tube
second anode.

To illustrate this type of supply,
a partial circuit is shown in Figure
3. V, is the horizontal deflection
circuit output amplifier, V, the high
voltage rectifier, V; the dual diode
damping tube, and V, the cathode
ray tube. The output transformer
contains the tapped primary L,
with secondaries L, and Ls. L, sup-
plies sawtooth current through L,
and C, to the deflection yoke, the
horizontal coils, while damping tube
V; prevents oscillation in this cir-
cuit. The filter composed of C,, L,
and C,, and tube V; form the

“power feedback” circuit. Briefly
reviewing the power feedback ac-
tion, when the upper end of wind-
ing L, is positive, voltage E,, is
applied series-aiding with the low-
voltage supply output, causing con-
duction of V; so that C; is charged
to the sum of these applied volt-
ages. Through L, the voltage Ec,
charges C. and, as shown, Eg, is
used to supply the plate circuit of
amplifier tube V,.

The flyback power supply in-
cludes the winding L,, rectifier tube
V., and the filter consisting of C,,
R, and C;. The output filter capac-
itor, indicated as C;, is formed by
the capacitance between the inner
and outer conductive coatings of
cathode ray tube V,. As shown, R,
connects to the internal coating
which is joined to the anode inside
of the tube. Thus, this coating
serves as the positive plate, the
glass envelope as the dielectric, and
the grounded external coating as
the negative plate of the output
filter capacitor.

During the horizontal sweep
period, the positive sawtooth volt-
age on the V, control grid causes
the plate current of this tube to
increase, thus building up a strong
magnetic field around the trans-
former. At the end of the sweep
interval, the V, grid sawtooth volt-
age drops rapidly, driving the grid
negative to plate current cutoff.

Collapsing rapidly, the magnetic
lines of force cut the L, winding,
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inducing in it a large voltage that
shock excites the output trans-
former into oscillation at its natural
resonant frequency, which for typ-
ical coil inductance and distributed
capacitance, is between 75 and 100

An oir core type, flyback, high voltage transformer.

Note the three turns, below the main winding,

which supplies flloment voltage to the high voltage
rectifler.

Courtesy Stondard Tronsformer Corp.

kc. Damped by V; at the end of the
first half cycle, these oscillations
cause the voltage induced in L, to
have a narrow positive alternation
that reaches up to 5,000 volts on
the V, plate and up to 9,000 volts
on the V; plate.

Thus, the wave-form of the V,
a-c plate voltage e,, consists of a
series of short, highly positive
pulses which are separated by
longer duration low amplitude,
negative pulses. Capacitor C, is
connected between the lower end of
L, and ground so that, whenever
the upper end of L, is positive, the
voltages E., and Ec, are applied
series-aiding to the circuit of recti-
fier tube V,. The resulting conduc-
tion of V, causes input filter capaci-
tor Cs to charge to the polarity
indicated.

At this time, electron flow is
from the filament to the plate of
V., down through L, to the C, posi-
tive plate, and from the negative
plate of this capacitor to ground.
From ground the electrons flow to
the C; negative plate and from its
positive plate to the filament of V..
This action causes C; to be charged
to the sum of the peak voltage
across L, and Ec, Capacitor C;
charges through R, to the same
potential as C,; and thus the
+9,000 volt output is applied
directly to the V, anode.

Ordinary types of high voltage
rectifier tubes require a compara-
tively high filament power and are
not designed otherwise for high fre-
quency operation. Requiring only
one-quarter watt of heater power,
special rectifier tubes have been
developed, such as the 1B3GT, the
1X2, and the 1V2 for use in cir-
cuits where limited power is avail-
able. Any one of these may be
used as V, in the circuit of Figure 3.

Filament voltage for the V, diode
is obtained by means of a one or
two turn winding L; placed in the
magnetic field of the deflection
transformer. The location of this
loop is somewhat critical because it
must be placed so that it will
develop a voltage which lies within
the rated tolerance range of the V,
filament. Series resistor R, serves
to limit the current and prevent
excessive filament heating.
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Because of the high operating
potentials on the V, electrodes, its
socket must be placed on an insu-
lated mounting that will prevent
‘“‘arc-over”’, and all leads and con-
nections must be kept at least 1
inch away from any grounded point.
Also to avoid ‘“‘corona” discharges
into the atmosphere, the conduc-
tors must have large diameters,
and the edges of the various com-
ponents must not be sharp, but
have rounded corners.

Cascade Voltage Multiplier

In some applications the required
voltages are higher than the output
of a circuit like that of Figure 3,
and voltage multiplier systems em-
ploying two or more rectifiers are
needed to furnish voltages of 10,000
to 30,000 volts or more. Figure 4
shows an arrangement in which
three diodes, V,, V; and V, are
connected as a voltage tripler. V,
is the horizontal sweep amplifier
with its plate connected to the pri-
mary, L, of output transformer T,.
As indicated, secondary L; is con-
nected to the horizontal deflection
coils, while individual filament
windings L, L;, and L, are used for
the rectifier tubes.

As in the circuit of Figure 3, here
the V, plate voltage wave-form
consists of high amplitude positive
pulses with low amplitude negative
alternations. Therefore, since only
the positive alternations are used
to produce a rectified high voltage,

a modified voltage multiplier cir-
cuit is required.

As explained for Figure 2, in con-
ventional type voltage multipliers,
both alternations of the applied
voltage are employed, with one
capacitor charging during the posi-
tive alternation and then adding its
voltage in series with the negative
alternation to charge the second
capacitor, etc. However, in the cir-
cuit of Figure 4, all the rectifier
tubes conduct during the positive
pulses and none conduct during the
negative alternations across L.

The low voltage power supply is
in series between the lower end of
L, and ground, and during the posi-
tive pulse across L,, rectifier V.
conducts, charging C, to the polar-
ity indicated. For this action, elec-
tron flow is from the filament to the
plate of V,, through L, to B4, and
through the low voltage supply to
ground. From ground electrons flow
to the negative plate of C, and
from its positive plate to the V,
filament. The positive pulses occur
at the horizontal scanning fre-
quency, therefore, C, discharges
only slightly between pulses and is
recharged by each succeeding pulse
so that its charge is maintained
practically constant and approxi-
mately equal to the sum of the B 4
and pulse voltages.

Between pulses, capacitor C,
slowly discharges into C, through
the high resistance R, The sim-
plified diagram of Figure 5A shows
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the C, discharge circuit which in-
cludes the low voltage power sup-
ply, transformer winding L, capaci-
tor C,, and resistor R,. To charge
C., electrons flow from the C, nega-
tive plate to ground, and from
ground to the negative terminal of
the low voltage supply. From the
positive terminal of this supply
they travel through L, to the C,

The 1B3GT, a high vacuum, half-wave rectifier is
designed for use in high valtage power supply
circuits.

Courtesy General Electric Co.

negative plate, and from the posi-
tive plate of C, the path is com-
pleted through R, to the positive
plate of C..

Although the low voltage supply
output, ELy, is in series opposition
to the charge on C,, the magnitude

of E¢, is much greater than E.v.
Therefore, the electron flow takes
place as described, and C,is charged
to the polarity indicated and to a
voltage equal to Ec, minus E.rv.
Ec, is equal to the L, pulse voltage
plus Erv, therefore, the charge
voltage E, will be equal to the
peak of the L, positive pulses. Due
to the high resistance in the C, dis-
charge path, C. charges over a
relatively long period of time dur-
ing which the charge on C, is main-
tained by the succeeding L, pulses
as explained.

With C, charged to the polarity
indicated in Figure 4, its voltage
adds in series with the L, pulses to
produce conduction of diode Vi,
and this causes capacitor C, to
charge to the polarity shown. For
this action, electron flow is from the
filament to the plate of Vj, to the
positive plate of C,, and from the
negative plate through L, to B+.
The path is continued through the
low voltage supply to ground, from
ground to the negative plate of C,,
and from the positive plate of C, to
the negative plate of C.. From the
positive plate of C. the path is com-
pleted to the V; filament.

For simplicity, the various com-
ponents included in the C. charging
circuit are shown in the simplified
diagram of Figure 5B. Here, the
voltage Ec,, the pulse ev,, and the
output of the low voltage supply
are applied series-aiding to the V;
circuit and the rectified current
causes capacitors C, and C. to be
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charged in series to E’ which is
equal to the total of the applied
voltages. However, since C, has
been charged already to a voltage
equal to e, +E.v, the net voltage
causing conduction of V; is the
charge on C,. Therefore, C, is
charged to a voltage equal to Ec.,.

During the intervals between the
ev, positive pulses, C, discharges
through R, and R, into C; as shown
in the circuit of Figure 5C. Here,
electronsleave the C, negative plate
and flow through R, to the C; nega-
tive plate. From the C; positive
plate the flow is through R, to the
C, positive plate. As this action
continues for a series of cycles, the
charge on C; becomes approximately
equal to that of C,.

Referring to the connections and
polarities of Figure 4, the L, posi-
tive pulses, the charge of C, and the
charge of C; are series-aiding to
cause conduction of V, and thus
charge capacitor C; to the indicated
polarity. As shown in the circuit of
Figure 5D, the series aiding volt-
ages, E¢;, Ec,, e, and the low volt-
age supply output are applied to
diode V, and capacitprs C,, C,, and
C; which are charged so that their
total voltage, designated in the
Figure as E”, is equal to the sum of
the four applied voltages. Since the
charges already existing on C, and
C, are equal to the total of Ec,,
ev;, and ELy, the charge, Ec;, is the
net voltage causing current in the
V, circuit. Therefore, C; is charged
to a voltage equal to Ec;.

In Figure 4, the high voltage
supply output is taken from series.
connected capacitors C,, C,, an¢
C; so that the voltage applied tc
the cathode ray tube anode is
approximately equal to three times
the pulse peak plus that of the low
voltage power supply. Due to the
cathode ray tube electron beam
only, the current drain on the high
voltage supply is extremely low,
and the charges on these capacitors
are maintained practically constant
by the recharging action of the
positive pulses across L,.

PULSE TYPE SUPPLY

The third type of high voltage
power supply operates on a prin-
ciple similar to that of the flyback
circuit. However, instead of em-
ploying the high voltage pulse that
is developed across the primary of
the horizontal output transformer,
the pulse type supply employs a
separate pulse generating circuit.
The generator output is amplified
and coupled through a step-up
transformer to a rectifier, the con-
duction of which charges a capaci-
tor to a d-c voltage approximately
equal to the peak applied pulse.
When employed with an electro-
magnetically deflected cathode ray
tube, the pulse generator operates
at the frequency at which the lines
are being traced and the pulses are
produced during the scanning beam
retrace interval so that power sup-
ply interference will not be visible
on the cathode ray tube screen.
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Except that its output trans-
former has no deflection coil circuit
secondary winding, the pulse type
power supply is much like the hori-
zontal deflection circuit. However,
another difference is that the block-
ing oscillator employed is operated
so that it does not oscillate unless
a triggering voltage is applied to its
grid circuit. This triggering signal
is obtained from the output of the
horizontal deflection circuit. There-
fore, if for any reason the deflection
circuit fails, no triggering voltage
is applied to the grid of the power
supply blocking oscillator. Hence
no high voltage is generated, thus
protecting the cathode ray tube
screen from burns.

A fiyback type, high voltoge power supply. To re-

duce high voltage arc-over, the rectifier tubes ond

filter copacitor are mounted on an insulating fiber
board.

Courtesy Allen B. DuMont Labs., Inc,

Figure 6 shows the circuit dia-
gram of a pulse type high voltage
power supply. Here, tube V, serves
as a blocking oscillator pulse gen-

erator, the output of which is
obtained from the grid and coupled
through capacitor C, to the V; grid.
The pulse amplifier output appears
across a portion of the large wind-
ing of transformer T, while the
entire winding serves as the second-
ary, and the stepped up voltage is
applied to the circuit of rectifier
tube V,, and the filter composed of
Rio, Cio, Ruy, and C... As indicated,
filter capacitor C,, consists of the
capacitance between the high ten-
sion lead and its grounded shielding
which with the high resistance of
R, form a t/T ratio sufficiently
small for good filtering.

Connected between low voltage
B+ and ground, the voltage di-
vider R, and R; provides the V,
cathode with a positive voltage
that biases the tube slightly beyond
plate current cutoff. The deflection
coil sawtooth current is carried by
resistor R, and capacitor C, which
are connected in series with the
horizontal deflection coils shown in
the upper left of the diagram. Dur-
ing the horizontal flyback interval
electrons flow in a direction which
makes the upper end of R, nega-
tive with respect to ground, and
this negative signal is coupled
through C; to the cathode of the
blocking oscillator.

The negative signal on the block-
ing oscillator cathode is equivalent
to a positive signal on its grid, and
thus initiates a cycle of oscillation.
Blocking oscillator transformer T,
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and the R, and C; values are
chosen so that oscillation takes
place at the horizontal sweep fre-
quency. Thus, triggered by the
negative pulses from the horizontal
deflection coil circuit, the frequency
of the power supply blocking oscil-
lator is synchronized with the
receiver horizontal deflection cir-
cuit.

Generated at the grid of V,, the
pulse wave-form is shown as e,
in Figure 6. Coupled through C; to
the grid of V,, this voltage causes
the plate current to have similar
wave-form. That is, the V; plate
current first increases and then
very quickly falls until very low,
after which it gradually rises once
more to its original value. This
plate current variation produces
the V; plate voltage wave-form
indicated as e,. By the action of
the autotransformer T,, the posi-
tive peak of voltage e, is stepped
up to approximately 10,000 volts
across the entire winding.

This high positive pulse is applied
to the plate of rectifier tube V,,
causing conduction of the tube.
Electron flow is from the filament
to the plate of V,, through T, to
low voltage B+, and through this
supply to ground. From ground,
the path is completed to the nega-
tive plate of C,y, and from the posi-
tive plate through R,y to the V,
filament. Thus, the T, pulse and
the B+ voltage are applied in
series-aiding to the rectifier circuit.
As a result, C,, charges to approxi-

mately 10,000 volts with the indi-
cated polarity. This voltage is sup-
plied to the cathode ray tube anode
through filter resistor R,; and the
high tension lead.

Tubes V, and V; function as an
electron voltage regulator to sta-
bilize the high voltage output. Con-
nected in series between B+ and
ground, the gaseous type voltage
regulator tube V; and resistor R;
form a voltage divider that supplies
a positive voltage to the V, cath-
ode. With current in V;, the voltage
drop across this tube remains con-
stant within very narrow limits,
thus the V; cathode potential re-
mains substantially unchanged
regardless of variations in the low
voltage power supply output. Due
to this condition, the V; plate cur-
rent is controlled entirely by the
voltage on the control grid of this
tube.

The V, control grid voltage is ob-
tained from potentiometer P, which
is a part of the voltage divider that
is connected across capacitor Ci,.
In this circuit, Ri; is much greater
than the total of Ry, and P, so that
the positive voltage applied to the
grid of V, is slightly less than that
on the cathode. However, any vari-
ations in the high voltage across
Cio will result in proportionate
changes in the voltage applied to
the V, grid.

The series components Rs, Vo,
and V; form a voltage divider across
the low voltage power supply out-
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put, with the V; screen grid con-
nected to the junction between the
V, plate and Rs. Any changes in V,
plate current will cause correspond-
ing changes in the IR drop across
Rs, and in turn, this will result in
variations of the V. plate and the
V: screen potentials. Since the aver-
age plate current of a pentode tube

A powdered iron core type of high voltage trans-
former for ""fiyback’ power supplies.

Courtesy Standard Transformer Corp.

is determined largely by its screen
grid potential, any changes in the
V; screen grid voltage affects the
plate current and, therefore, the
amplitude of the voltage pulses
across T..

For example, suppose an increase
in the high voltage supply current
drain causes a decrease in the po-
tentials across C,,, thus causing the
positive potential to decrease at
the slider of potentiometer P,.

When the grid is made less posi-
tive, the V. plate current decreases
and, due to the smaller drop across
R;, the V. plate and the V; screen
voltages rise. This results in an
increase in V; plate current so that
the pulses across the T, winding
rise to a higher positive voltage,
thus causing heavier conduction
of V, and charging C,, higher.

In a like manner, with less cur-
rent taken by the load, any increase
in the voltage across C,, results in
the V. grid being more positive,
and the increase in the plate cur-
rent of this tube makes its plate,
and the screen of V;, less positive.
The resulting decrease in V; plate
current causes the pulses across T,
to have lower amplitude, the con-
duction of V, is less, and the charge
on C,, decreases.

1 KC POWER SUPPLY

Instead of being synchronized
by a voltage pulse from an external
source, the oscillator of a pulse type
high voltage power supply may be
permitted to operate continuously
at a frequency determined only by
the circuit constants. The circuit
diagram of such a power supply is
shown in Figure 7. Here, the triode
section of tube V, functions as a
free-running blocking oscillator, the
frequency of which is approxi-
mately 1000 cycles per second.

From the oscillator grid circuit,
the pulse is coupled through capac-
itor C, to the control grid of ampli-
fier tube V.. The amplifier pulses
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are stepped up across the winding
of transformer T, and applied to
the voltage tripler circuit consisting
of rectifiers V,, V,, V;, and capac-
itors Cs, Cg, and ClO-

This circuit utilizes both the pos-
itive and negative alternations of
the voltage across the primary of
transformer T, and when the upper
end of the winding is positive, V,
conducts, charging C; to the polar-
ity indicated. During the negative
alternations, the voltage E¢, is
applied in series-aiding with the T,
voltage to cause conduction of V,
so that C, is charged as shown. C,
is charged to the total of the two
applied voltages, about 20,000
volts, and on the next positive
alternation, C, discharges in series
with the voltage across T,, thereby
causing conduction of V; which
charges C,, to 20,000 volts. The
total output of the circuit is equal
to the sum of E¢, and E¢,,, 10,000
+20,000, or 30,000 volts.

As indicated in the diagram, sep-
arate windings furnish current to
the filaments of the high voltage
rectifier tubes V,, V,, and V;. To
provide automatic voltage regula-
tion, the a-c voltage from a fifth
winding is rectified by the diode
section of V, and applied as a
negative bias on the V, control
grid. During the induced voltage
alternation when the V, diode
plates are positive, C; charges to
the peak applied voltage, with elec-
trons flowing through the tube from
cathode to plate, then through the

\

transformer winding to the nega-
tive plate of C;. From the positive
plate, electrons flow to ground, then
through R, back to the cathode.

C:, Ry, and Cg form a pi-type RC
filter that removes the pulsations
so that a constant negative voltage
is applied to the junction between
the V, grid resistors R, and R;. In
series-aiding, the voltages across
R; and R; determine the V, grid
bias, which in turn controls the
amplitude of the plate current vari-
ations,

To illustrate the automatic volt-
age regulation, assume an increase
in the high voltage supply output
current. The increased load on the
T. primary results in a decrease in
the induced voltages in all of the
T. windings, thus reducing the
charge on capacitors C; and Cg; and
lowering the V, grid bias. The re-
sulting increase of V, plate current
causes a greater induction, thus
increasing the voltages of all the
T. windings to compensate for the
increased load.

On the other hand, when the
load current is reduced, the auto-
matic bias circuit reduces the plate
current so that the induced volt-
ages are reduced also. In a similar
manner, the voltage regulator cir-
cuit compensates for changes in
the low voltage supply output.

/Although the V, grid is con-
nected through R,, to low voltage
B+, the drop across this resistor
is sufficiently high so that the grid
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is less positive than the cathode,
which is connected to the junction
between voltage divider resistors
R, and R, across the low voltage
supply output. So far as the pulse
frequencies are concerned, the B+
end of R; is maintained at ground
potential by capacitor Cs; there-
fore, R; serves as the oscillator
output load resistor and, appear-
ing across this resistor, the pulses
are coupled by C; to the amplifier
grid.

A high voltage type filter capacitor. Note the ca-
pacitor surface is corrugated to reduce high voltage
arc-over.

Courtesy Erie Resistor Corp.

R-F POWER SUPPLIES

The r-f type high voltage power
supply employs an oscillator to
generate a high frequency voltage
which is stepped up by a trans-
former and then rectified. Using
this method, high voltage supplies
which are capable of delivering up
to 1 milliampere of current at from
1,000 to 50,000 volts have been
designed.

The circuit diagram of an r-f
type of high voltage supply is shown
in Figure 8 where tube V, is a high
transconductance pentode con-
nected in a tuned-plate-grid-tickler
type oscillator circuit. The tuned-
plate circuit consists of coil L, and

variable capacitor C;, while the
feedback to the grid circuit is sup-
plied by the tickler coil Ls. Class C
bias is developed by grid leak re-
sistor R, and capacitor C..

L, is the primary and L, the
secondary of a voltage step-up
transformer. Applied to the recti-
fier, V,, the secondary high voltage
causes diode current which charges
capacitors C; and C; to a high d-c
potential. The voltage Ec, is ap-
plied to the voltage divider Ry, Ry,
Rs;, Rs, R;, and R, from which
there are connections to the anodes
and to the horizontal and vertical
deflection plates of the cathode ray
tube as indicated.

Coupled to L,, coil L, provides
the V, filament current and elimi-
nates the need for a separate, high
voltage insulated filament trans-
former. Connected to B+ of the
low voltage supply, the RFC aids
bypass capacitor C; in preventing
the high frequency from being cou-
pled to the other sections of the
receiver.

Employing self excitation with
feedback from the primary wind-
ing, conventional oscillator circuits
have an unstable tuning character-
istic. Therefore, for greater stabil-
ity, the oscillator of Figure 8 has
the grid tickler, Ls, coupled to the
secondary L.. For the best compro-
mise between stability, physical
size and high voltage requirements,
the oscillator frequencies range
from about 50 to 500 kc and L is
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The 1X2 is a miniature half-wave rectifier tube de-
signed for high voltage power supply applications.

Courtesy Hytron Radio and Electronics Corp.

designed to resonate with its dis-
tributed coil capacitance plus the
V. interelectrode capacitance to a
frequency within this range. The
higher voltage supplies operate at
the lower frequencies to prevent
“arc-over” and to reduce power
loss.

The transformer primary and
secondary coils, L, and L, are
tightly over-coupled in order to
improve the stability of the d-c
output voltage. To maintain good
voltage regulation and efficiency
under full load conditions, at least
20 times critical coupling is neces-
sary, although this arrangement
reduces the voltage step-up to
about half of the maximum obtain-
able.

In the power supply circuit of
Figure 8, the high voltage output
can be varied by means of the
tuning capacitor C,. To obtain the
most stable operation of the oscil-
lator, C, is first adjusted to the
maximum output voltage, after
which the capacitor is adjusted to
a slightly lower capacitance.

The maximum power output of
the oscillator is very limited; there-
fore, to supply filament current as
shown, a rectifier tube which re-
quires a very small filament power
such as a 1B3GT, 1X2, or 1V2
must be used as V..

Because of the high frequencies
employed, adequate filtering is af-
forded by relatively low filter ca-
pacitance. Typical values for C,
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and C; in Figure 8 are from .01 nfd
in the lower voltage circuits to
about 300 uufd in the supplies de-
signed for highest voltage outputs.
Also, due to the high frequencies
used, coupling through the low
voltage power supply to the other
receiver circuits is negligible be-
cause bypass capacitor C; provides
a low reactance r-f path to ground.

An advantage possessed by the
r-f high voltage power supply is
that body contact with any high
voltage point lowers the Q of the
tuned circuits to such a value that
oscillation ceases immediately. The
only charge then available is that
which is stored in the filter capaci-
tors. Because of the low capaci-
tance, this stored charge is small,
and therefore, the circuit is con-
sidered a “‘safe” high voltage sup-
ply.

Many variations of the basic cir-
cuit of Figure 8 are used in com-
mercial applications, and Figure 9
shows one of these variations. Here,
the two oscillator tubes, V, and
V,, are operated in parallel, coil L,
and capacitor C;, form the tuned-
plate circuit, and feedback is ob-
tained by means of the grid circuit
tickler coil L,. Coils L, and L; form
the primary and secondary, respec-
tively, of the voltage step-up trans-
former. The r-f voltage across Ls
is applied to a voltage tripler cir-
cuit containing rectifiers V;, V,,
and V; and capacitors C;, C;, and
Cg.

From the positive plate of Cs,,
the supply output is applied through
filter resistor R, to the second anode
of the receiver picture tube. Coils
Ls, L;, and Ls are low voltage sec-
ondaries for supplying the required
rectifier tube heater currents, and
also to provide a slight increase in
the voltage applied to the rectifier
circuits. These coils are coupled to
L; so that when the ungrounded
end of L; is positive, the ends farth-
est from the tube filaments are
positive also, thus making the volt-
ages series-aiding.

Since the voltage across L; has
symmetrical wave-form, a conven-
tional voltage multiplier circuit is
employed. During the alternations
that the ungrounded end of L; is
positive V; is conductive and Cs
charges to the polarity indicated
and to the peak value of Er; plus
Ey,, about 10,000 volts. Electron
flow is from the filament to the
plate of V; and through L; to
ground. From ground, electrons
flow to the negative plate of C; and
from its positive plate through Ls
to the V; filament.

During the alternations that the
ungrounded end of L; is negative,
voltages Ey; and Ey, in series with
Ec, cause conduction of V,, which
charges C; to the polarity indi-
cated, and to the sum of E¢, and
the peak of Er; and Ey,, or about
20,000 volts. Electron flow here,
is from the filament to the plate of
V., through L to the positive plate
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of Cs, and from its negative plate
to ground. The path is completed
from ground through L; to the
negative plate of C; and from its
positive plate to the V, filament.

When C; is charged and the un-
grounded end of L; becomes posi-
tive again, Ey,;, Ev;, E14 and E¢,
are applied series-aiding to the
Vs circuit, and cause electron
flow from the filament to the

000 volts on C; is series-opposed to
Ec, and E;;. Thus there is a net
voltage equal to 20,000 + 10,000
— 10,000, or 20,000 volts to cause
conduction in the V, circuit, and
Cs charges to this value. For the
supply output, the charges of E,
and Eq, are series-aiding, to pro-
vide a total output voltage of 20,-
000 + 10,000 or 30,000 volts.

At first thought, it might seem

The high voltage copacitors come with several types of connection to fit the design feotures
of various power supplies

Courtesy Centralob Div. Globe Union, Inc.

plate of V;, through L; to the posi-
tive plate of C;, and from its nega-
tive plate through L; to ground.
From ground, electrons flow to the
negative plate of Cs, from its posi-
tive plate to the negative plate of
Cs, and from the positive plate of
Cs through L, to the V; filament.
This charges C; to the polarity in-
dicated, and although E¢, plus E;,
E.,, and Ei; equals 30,000 volts,
the already existing charge of 10,-

as though the charging action of
C; would be short circuited by the
conduction of V3, since both V; and
V; conduct on the positive alterna-
tion of E1;. However, as explained
previously, once capacitors Cs, Cs,
and C; are charged, each rectifier
conducts only for the extremely
short interval necessary to restore
the corresponding capacitor charge
lost due to current through the
load.
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For example, Ec, places a posi-
tive bias on the V; filament so that
this tube can conduct only during
the instant that Ei; plus Erg i8

A projection type televisian receiver requires a 20
to 30 KV power supply, therefare a doubler or
tripler is used in the high voltage supply circuit.

Courtesy Emerson Radio & Phonograph Corp.

greater than Ec,. In like manner,
V, can conduct only when Ey; plus
E., plus Ec, is greater than Ec,,
and V. conducts only when Ei;
plus Ey; plus Ey; plus Ec; is greater
than Ec, plus Ec,.

To provide a lower potential for
the first anode of the cathode ray

tube, a voltage divider consisting
of resistors R, to Ry, inclusive is
connected across capacitor Cs. The
first anode is connected to the slider
on focus control potentiometer P,
which, asshown, is connected across
resistors R,: and R; of the divider.
This voltage is filtered by capaci-
tors C,, and Cy, which are series
connected to provide twice the
working voltage of a single capaci-
tor.

VIBRATOR POWER SUPPLY

Operating from a self-contained
battery composed of two standard
1.5-volt flashlight cells, the high
voltage power supply of Figure 10
permits portable operation of nu-
clear radiation survey instruments,
the detector tubes of which require
a potential of 900 volts at a cur-
rent of approximately .2 micro-
ampere.

Since a transformer will not op-
erate on direct current, the pri-
mary current must be interrupted
at a relatively high rate by vibra-
tor B,. With switch SW open and
no power applied to the circuit,
the vibrator reed is in its normal
resting position with the contacts
closed. Under this condition, there
is a complete path from the right
side of the switch through the vi-
brator contacts and coil, the trans-
former primary, and the battery
to the left side of the switch.

When the switch is closed, this
circuit carries a current that mag-
netizes the vibrator core so that it
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attracts the reed. This action opens
the circuit, thus interrupting the
current and permitting the mag-
netic field to collapse. The reed
springs back to its normal posi-
tion. This movement closes the
contacts, and the coil is re-ener-
gized to give another pull to the
reed. In this manner, the reed is

rent has the same effect as would
be produced by an alternating cur-
rent, and therefore, an a-c voltage
is induced into the secondary wind-
ing.

The high voltage across the
transformer secondary is rectified
by cold-cathode gas-filled rectifier

A highly portable nucleor survey instrument. A vibrotor type of power supply generates high
voltoges from o few dry cells.

set into vibration, usually at a
frequency of from 100 to 135 cycles
per second.

As the reed vibrates, the open-
ing and closing of the contacts
interrupts the current at the vibra-
tion frequency. In the transformer
primary, the pulsating direct cur-

Courtesy Beckmon Instruments, Inc.

tube V,, with capacitor C, being
charged approximately to the peak
of the impressed a-c voltage. Re-
sistors R, and R,, and capacitor C,
function as a filter to remove all a-c
ripple from the output d-c voltage.
In addition, the output potential
is stabilized at 900 volts by voltage
regulator tube V..
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As explained earlier in the les-
son, the characteristics of a gas-
filled, glow-discharge tube are such
that the potential difference be-
tween the electrodes does not
change appreciably although the
current varies over a rather wide
range. Utilizing this principle, V,
is a gas-filled, glow-discharge tube
that is designed to maintain a con-
stant potential difference of 900
volts between its electrodes when
the current varies between the ap-
proximate limits of 5 and 20 micro-
ampere.

In series across capacitor C, the
circuit composed of resistor R, and
tube V, carries a current which is
determined mainly by the im-
pressed voltage and the total re-
sistance of R, and V,, the load
current being disregarded since it
is very small with respect to that
through the regulator tube. As in
any series circuit, the sum of the
voltage drops developed by the
current is equal to the applied volt-
age. Thus, the voltage across R, is

equal to the difference between the
C, and the V, voltages.

When the power supply is in
use, the battery is slowly discharged
so that the rectified voltage across
capacitor C, gradually decreases.
Due to the lower applied voltage,
there is less current in the RV,
circuit. However the V. character-
istics prevent the potential differ-
ence between the tube electrodes
from changing so long as the tube
current is within the regulating
range; therefore, the lower current
develops a lower voltage drop
across R, while the tube voltage is
unchanged.

Continued use of the power sup-
ply results in the battery being
discharged to the point where the
rectified voltage across capacitor
C, is too low to produce the re-
quired regulator tube current, and
therefore, this tube ceases to stabi-
lize the voltage, and the output
decreases below 900 volts. In order
to restore proper operation, the
battery must be replaced.

C
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What are the five common types of “high voltage” power supplies?
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In power supply circuits like that of Figure 6, what is the advantage of operating the pulse generator at the line scanning
frequency?
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In the power supply circuit arrangement of Figure 7, what is the purpose of applying a rectified voltage to the control grid of
tube V,;?
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The television camera is carefully designed to omplify frequencies equally well over a wide
range. The raised top cover shows some of the components.
Courtesy General Electric Co.
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In order to amplify the picture
signals, the video amplifiers of both
the television transmitter and re-
ceiver must pass a band of fre-
quencies lying within the range of
30 to 4,000,000 cycles per second,
and they must do so while main-
taining an almost constant gain
through this range. For transmis-
sion, carrier frequencies in excess
of 50 megacycles are employed be-
cause of the channel width required
for the picture signal, with its ac-
companying sound signal. In the
receiver, the radio frequency sig-
nals are amplified at the signal fre-
quency and then further amplified
in intermediate frequency ampli-
fiers operating at frequencies be-
tween 20 and 50 megacycles.

To detect the presence of charged
particles due to cosmic rays or
radioactive radiation, the Geiger-
Mueller tube produces a voltage
pulse for each charged particle en-
tering it. For recording purposes,
the magnitude of the pulse must
be increased by an amplifier whose
characteristics are such that its
output reproduces the rapid rise
and fall of the pulse. Also, other
types of energy converting devices
are employed for registering the
occurrence of random or recurring
events, and the amplifiers associ-
ated with them must be capable of
passing the produced voltage pulses
with no change of wave-form.

As explained in a preceding les-
son, all wave-forms other than a
pure sine wave are composed of
numerous harmonically related sine
waves of the proper amplitude and
phase relation. In order to amplify
the wave without changing its
shape, the circuits must provide
equal amplification for all of these
frequency components. For in-
stance, in one particular oscillo-
scope designed for use in nuclear
research laboratories, the amplifiers
provide essentially constant am-
plification over a frequency range
extending from 0, or d-c, to 12 mc.

Thus, it may be seen that in
television and nuclear instrumen-
tation, amplifiers, detectors, and
oscillators may be required to oper-
ate over an extremely wide fre-
quency range. Due to the high fre-
quencies involved in much of this
apparatus, the resistance, capaci-
tance, and inductance effects be-
come appreciable quantities and
have to be reckoned with in the
proper design and maintenance of
the electron equipment. Conse-
quently, the construction, quality,
and ratings of many of the com-
ponents are quite critical.

For example, the rolled paper
capacitor that may be used as a
coupling device with no trouble in
a low frequency amplifier cannot
be used for the same purpose in
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an amplifier operating at 50 ke, for
then the inductive effect of the
rolled plates become so great as to
destroy the desired performance of
the capacitor.

Although these factors were
pointed out in a previous lesson,
since they are so important, it is
the purpose of this lesson to de-

RESISTORS

From a pulse viewpoint, the
fundamental faults in a resistor
are due to the inductance and ca-
pacitance associated with it be-
cause of its physical construction.
Composed of a strip of conducting
material, the resistor has some self-
inductance for, as it was pointed

The nuclear radiation counting instruments operate over a wide frequency range. The
quality and placement of components is very important in these precision instruments.

scribe those factors which deter-
mine the high frequency perform-
ance of resistors, capacitors, in-
ductors, and electron tubes, and
then consider certain chassis lay-
out details and parts placement
which also affect the high frequency
operation.

Courtesy Tracerlab, Inc.

out in a previous lesson, every con-
ductor has self-inductance, even
when it is a straight piece of wire.

Inductance

A resistor has an inductance due
to the pigtails which connect it to
the associated circuit and due to
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the resistive element itself. So long
as it has a finite resistance, it func-
tions as a conductor even though
a poor one. The inductance of such
a conductor is proportional to its
length. Hence, for low inductance,
resistors must have short resistive
elements and must be so connected
that minimum length of pigtail is
used.

Capacitance

Basically, a capacitor is two con-
ductors separated by an insulating
material called the dielectric. The
capacitance is proportional to the
area of the conductor surface and
inversely proportional to the dis-
tance separating these surfaces.
Hence, any two points separated
by an insulator, however imper-
fect, have a capacitance between
them. A resistor has a capacitance
between its two end connections,
since they are separated by the
resistance element. To minimize
this capacitance, the resistor should
be long to increase the distance
between conductors or the con-
ductors should be small to reduce
their effective surface area.

The equivalent circuit of resistor
R, of Figure 1A is shown in Figure
1B. It may be seen that the in-
ductance component Ly is consid-
ered to be in series with the re-
sistance, the capacitance Cy is in
parallel with the LR combination.
Thus, the entire arrangement con-
stitutes a parallel tuned circuit
which is resonant at some fre-

quency determined by the induc-
tance and capacitance present.

Resonance

If the resistor is self-resonant
within the band of frequencies im-
pressed across it, the resonant im-
pedance will produce a greater volt-
age drop than at frequencies above
and below that value. Depending
upon the resistor application, this
condition usually will cause the
response of the equipment in which
the resistor is used to have an un-
desired hump or dip. In either case,
since the result distorts the output
wave-form, it is to be avoided as
much as possible. Consequently,
the desirable resistor is one with
an extremely small inductance and
capacitance, so that it resonates at
some very high frequency, thus
eliminating to a great extent the
resonance effect within the operat-
ing frequency range.

As we pointed out, the physical
size of a resistor has an effect on
the inherent capacitance and in-
ductance of a resistor; the longer
resistors having greater inductance
and less capacitance. However,
since the resistor exhibits inductive
effects at all frequencies below reso-
nance, usually the lowest reactance
is obtained when the inductive re-
actance is minimized by using short
resistors.

For various applications, resis-
tors are manufactured in two gen-
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eral types: carbon and wire-wound.
Carbon resistors are made of a mix
composed of carbon or graphite,
and clay or bakelite. After the in-
gredients are combined in proper
proportion, the mix is molded un-
der pressure into a solid rod of
rather small diameter which is

=< - —..- w

the ends of which are attached to
lugs affixed to the ends of the tubes.

Wire-wound resistors are of two
types: inductive and non-inductive.
In the non-inductive type, the in-
ductance is kept very low by first
doubling the wire and then wind-

The chossis view of the nucleor instrument shown in the preceding illustration. Note the wiring
and plocement of components.

baked and then cut into appropri-
ate lengths and affixed with leads.
Wire-wound resistors usually are
composed of porcelain or ceramic
tubes on which are wound suitable
lengths of special resistance wire,

Courtesy Tracerlab, Inc.

ing it on the insulating tube with
the two conductors parallel and
close together. With this construc-
tion the magnetic field surround-
ing one half of the wire is canceled
almost completely by the magnetic



Page 8

Parts Quality

field around the other half, thus
reducing the self-inductance to a
minimum. Hence, in circuits where
the inductive effect must be kept
small, the most desirable resistors
are these non-inductive, wire-
wound types.

Noise

All electric conductors contain
free electrons that are in continu-
ous random motion. At any in-
stant, it may be expected that by
pure chance more electrons will be
moving in one direction than in
another, with the result that a
voltage is developed across the
terminals of the conductor. This
voltage varies in a random manner
and thus represents noise energy
distributed throughout the entire
frequency spectrum.

Since the motion of the electrons
results from thermal action, this
effect is called the THERMAL-AGITA-
TION NOISE. The magnitude of the
thermal-agitation noise is propor-
tional to the resistance across which
the noise is developed, and the
temperature of the resistor. Thus,
resistors in electron circuits develop
noise voltages which add to the
desired signals.

Composed of a mixture of con-
ducting and insulating materials,
a carbon resistor contains many
high resistance contact points be-
tween adjacent granules of con-
ducting material. At each of these
point contacts, the random motion

of the electrons produce relatively
large noise voltages which combine
to produce the total noise output.
Hence, since carbon resistors gen-
erate greater noise voltages than
do wire-wound resistors, carbon
types are to be avoided in those
circuits where such noise cannot be
tolerated.

Stability

Although most electron circuits
are not too critical as to the re-
sistance used and will function sat-
isfactorily over a wide range, there
are circuits which require fairly
exact resistances which must re-
main fixed during operation. As
resistors heat in operation, the re-
sulting structural changes produce
resistance variations that affect the
operation of the circuit in which
they are located.

From a stability viewpoint, car-
bon resistors are notoriously bad,
and should not be employed in
those critical circuits where an ap-
preciable resistance variation can-
not be tolerated. Also, the resis-
tance of carbon resistors often
changes with the application of
pulse voltages with rapid rise and
decay times. Although this effect
is usually quite small, on occasion
it does cause troubles.

CAPACITORS

Like resistors, capacitors also
must be considered in connection
with their associated characteris-
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tics. Due to their construction, ca-
pacitors have inductive and resis-
tive components which become im-
portant quantities under certain
operating conditions. The induc-
tive component is due to the con-
necting leads and the size and shape
of plates employed, while the re-
sistive component is due to the
resistance of lead, plate resistance,
and a current leakage through the
dielectric.

Resonance

The equivalent circuit of capaci-
tor C, in Figure 2A is shown in
Figure 2B by the series arrange-
ment of L¢, Ce, and Re. A series
tuned circuit, this arrangement is
resonant at some frequency de-
termined by the inductance and
capacitance present. If the capaci-
tor is self-resonant within the band
of frequencies impressed across it,
its very low impedance may result
in a greater or lesser circuit output
voltage at the resonant frequency
than at others above and below, a
condition that may cause unsatis-
factory operation of the apparatus.
Hence, the desired capacitor is one
that is self-resonant at a frequency
well above the highest frequency to
be utilized.

Because of the many conflicting
characteristics which they must
have, capacitors are manufactured
in a wide variety of sizes and shapes,
with paper, mica, ceramic, and air
dielectric types being the most pop-

ular for use outside of the power
supply.

In paper capacitors, the plates
consist of long strips of tinfoil, sep-
arated by waxed paper, and rolled
into a compact unit. Due to this
construction, the capacitor posses-
ses a relatively large inductive com-
ponent that makes it unsatisfactory
for use in high frequency circuits.
However, these capacitors do pro-

A crass section view showing the constructian of

carban resistars. At high frequencies the resistar

may act as o parallel resanant circuit due to the

inductance and capacitance of the leads and re-
sistance element.

Caurtesy Allen-Bradley Ca.

vide a large capacitance in com-
pact form which are entirely satis-
factory for use in circuits where
only direct or low-frequency alter-
nating currents are present.

To reduce the inductive com-
ponent to a minimum, ceramic,
mica, and air dielectric capacitors
employ flat plates and layer con-
struction. Ceramic capacitors often
consgist of a flat ceramic disk, both
sides of which are coated with a
layer of silver, the connections to
which are provided by short, wire
leads. A variation of this type uses
a ceramic tube about an inch long
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with a silver coating on both the
inner and outer surfaces. Because
of the extremely high dielectric
constant and the dielectric strength
of the ceramic, capacitances as
high as 10,000 uufd (.01 ufd) may
be obtained without making the
capacitor bulky.

Mica capacitors are composed
of alternate layers of metal foil and
thin mica sheets, and for units of
comparable capacitance, are much
larger than the ceramic type. Air
capacitors consist of thin, rigid,
sheet metal plates, and are larger
still. As pointed out in an earlier
lesson on capacitors, each type has
certain desirable characteristics,
and the choice of which one to use
depends upon the operating condi-
tions and the results desired.

Stability

Temperature variations and at-
mospheric changes have less effect
on the ceramic than on the mica,
and therefore, they are much more
stable. Except for those used in
tuned circuits, capacitors of elec-
tron equipment usually need not
be of extreme accuracy or stability
so far as the capacitance is con-
cerned. For example, a coupling or
bypass capacitor provides satisfac-
tory operation where its capaci-
tance is not the value called for in
the design of the equipment, or
even though the capacitance
changes considerably while the unit
is warming up.

However, for tuning purposes,
the capacitance, stability, and ac-
curacy are of extreme importance.
The capacitance must remain un-
changed throughout the entire tem-
perature range encountered by the
equipment. To provide the proper
characteristics, ceramic capacitors
are constructed so that the capaci-
tance remains constant, or in-
creases or decreases a definite
amount for each degree of tempera-
ture rise. In this way, by employ-
ing the proper capacitor, any in-
ductance variation may be counter-
acted by a corresponding capaci-
tance change so that the resonant
frequency of the tuned circuit is
not affected by the temperature.

Voltage Rating

One additional factor that must
be considered in the design of any
electron equipment is the voltage
rating of the capacitors employed.
Depending on its thickness and
the dielectric strength of the mate-
rial used, each dielectric is capable
of withstanding safely a certain
maximum voltage, which is called
the working voltage. The potential
difference between its plates never
should exceed the working voltage,
if satisfactory capacitor life is to
be realized.

INDUCTORS

With respect to the operation of
high frequency circuits, inductors
also must be examined in rela-
tion to their associated capacitance
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and resistance. Composed of one
or more turns of wire, inductor L,
of Figure 3A has internal resist-
ance, as well as distributed capaci-
tance between the turns, and there-
fore, it may be represented by the
equivalent circuit of Figure 3B.

Self Resonance

Like the resistor of Figure 1, it
may be seen that the inductor of
Figure 3, is equivalent to a parallel
tuned circuit, the resonant fre-
quency of which is determined by
the inductance and capacitance
present. Care must be exercised in
the choice of an inductor so that
spurious effects are not introduced
by this resonance. For example, if
the inductor is used as a radio fre-
quency choke and is self-resonant
within the frequency band im-
pressed across the unit, the reso-
nant rise of impedance will cause
a greater voltage to be developed
across the choke at the resonant
frequency than at others, the result
being improper operation of the
equipment.

Except for specialized applica-
tions, the distributed capacitance
must be reduced to a minimum by
different winding methods so that
the self-resonant frequency is great-
ly in excess of the highest frequency
to be impressed across the induc-
tor. When this is done, the in-
ductive component predominates
and the desired circuit characteris-
tics are obtained.

Since the capacitance between
the coil turns, and the coil self-
inductance, depend upon the turn
spacing, and the coil length and
diameter, changing any one of these
factors will not only alter the in-
ductance, it also will change the
self-resonant frequency.

To meet the many requirements
of electron equipment, inductors
are manufactured with three dif-
ferent core types: air, powdered
iron, and laminated iron. Air core
coils are wound on tubes or rods

A group of smoll ceramic copacitors used in high
frequency coupling ond byposs circvits.
Courtesy Centralab, Div. of Globe-Union inc.

of some insulating material, or are
wound to be self-supporting. In
either case, the very low magnetic
permeability of the air core results
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in a coil of relatively low induct-
ance. Hence, air core inductors are
suitable for use in high frequency
circuits, but not in low frequency
circuits where the required induct-
ances usually are quite high.

To increase its inductance, an
inductor may be provided with a
cylindrical core of powdered iron.
Composed of a mixture of a bond-
ing material and minute granules
of high quality iron, this type of
core increases the magnetic perme-
ability greatly without a serious
increase of losses. Thus, coils with
powdered iron cores may be manu-
factured with considerably higher
inductances than are possible with
air cores.

By changing the position of the
iron core within the coil, the induct-
ance may be varied. This added
feature is employed widely for tun-
ing high frequency resonant cir-
cuits in which the capacitance must
be kept to a minimum which does
not greatly exceed the circuit stray
capacitance.

For low frequency and power cir-
cuits, laminated iron cores are used
because they may be arranged to
provide the maximum of induct=
ance with a minimum of wire in
the coil. However, the losses caused
by the laminated core increases
greatly as the frequency is raised,
and therefore, inductors of this
type are unsuited for use in high
frequency circuits.

Stability

Inductance stability often is of
extreme importance, especially in
circuits operating at very high fre-
quencies, and therefore, great care
should be exercised in the con-
struction of the coil and its place-
ment in the equipment. The in-
ductor should be so constructed
that the wire turns do not shift with
respect to each other, and, if a
core is used, it should be so ar-
ranged that once it is set to the
proper place, it will not move ac-
cidentally.

As the equipment warms up and
the inductor is heated, the metal
expands so that there is a physical
change in the coil dimensions, the
result being an inductance varia-
tion that may cause improper oper-
ation of the circuit in which the
coil is connected. Careful place-
ment of the inductor will keep it
from the source of heat and thus
will reduce inductance variations
due to this cause.

ELECTRON TUBES

The features of electron tubes
that are of major importance in
high frequency and pulse amplifier
circuits are the transconductance,
the interelectrode capacitance, the
physical size, and the noise gen-
erated within the tube.

Transconductance

The transconductance of an elec-
tron tube is the ratio of a small
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change of plate current to the small
change of grid voltage producing
it, under the condition that all
other electrode voltages remain
constant. As such, the transcon-
ductance may be taken as a meas-
ure of the ability of a given tube
to function as an amplifier, tubes
with large transconductance being
more suited for this application.

Interelectrode Capacitance

Because of their size, shape, and
spacing, the various electrodes of
an electron tube have a capaci-
tance between them, as shown in
Figure 4. These interelectrode ca-
pacitances become part of the total
capacitance of the circuit in which
the tube is connected, and there-

The under chassis view af a cammunicatian type receiver. Shielding, shart leads, and place-
ment af parts reduce signal lasses due ta stray inductances and capacitance af the wires
and campanents.

Often improved performance of
electron equipment may be achieved
by substituting new high trans-
conductance tubes for older types
of the same general class. How-
ever, indiscriminate substitution
should not be resorted to because
the increased amplification often
leads to instability and unsatisfac-
tory operation.

Caurtesy Natianal Ca., Inc.

fore, have a distinct bearing on the
circuit operation.

In many cases, especially in low
frequency circuits, the interelec-
trode capacitance is such a small
part of the total that it may be
ignored completely, and only the
transconductance considered. On
the other hand, in high frequency
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and pulse type amplifiers, this tube
capacitance becomes an appreci-
able part of the total and cannot be
neglected.

For example, in many high fre-
quency amplifiers, no capacitor is
connected across a resonant cir-
cuit, the circuit stray and tube ca-
pacitances being the only ones pres-
ent. When replacing the tube of
such a circuit, the new tube must
have exactly the same interelec-
trode capacitances as the old. If it
does not, the total capacitances
across the tuned circuit is changed
so that the resonant frequency is
no longer the specified value, and
improper amplifier operation re-
sults.

Lead Inductance

Composed of lengths of wire, the
internal leads going to the tube
electrodes from the socket pins con-
tain an inductive component, and
therefore, the tube may be repre-
sented by the equivalent circuit
shown in Figure 5, where the small
inductors in series with the elec-
trodes represent the lead induct-
ances, and the dotted capacitors
represent the interelectrode capaci-
tances. Due to the comparatively
short lead lengths, the inductances
may be ignored safely for all appli-
cations except those involving the
extreme high frequencies.

At these frequencies, the lead
inductances resonate with the in-
terelectrode capacitances to pro-
duce undesired results. Thus, if the

series arrangement of L, C., and
Ly is resonant within the band of
frequencies impressed across the
tube, the resonant frequency grid
to cathode voltage E .« may be con-
siderably greater than that applied
to the G and K terminals, the
result being improper amplifica-
tion of the input signal.

Lead inductance also may pro-
vide coupling between two elec-
trodes. In particular, the cathode
lead inductance, Ly in Figure 5, is
common to both the grid and plate
circuits, and therefore, any signal
voltage developed across it is im-
pressed on the grid circuit so as
to cause degeneration. Again, be-
cause of the short lead length and
low inductance, the coupling pro-
vided by the cathode lead induct-
ance does not become important
until very high frequencies are
reached.

Lead inductance and interelec-
trode capacitance effects may be
minimized by reducing the lead
lengths and electrode areas, a con-
dition achieved by decreasing the
physical size of the tube, and ar-
ranging the connections so that
they are extensions of the internal
electrodes. For this reason, tubes
designed exclusively for high fre-
quency operation sometimes have
peculiar shapes in an effort to re-
duce these effects to a minimum.

Noise

Random noise similar in nature
to that produced in a resistance



Parts Quality

Page 15

also is generated in an electron
tube as a result of irregularities in
the plate current. Although the
cathode temperature remains rela-
tively constant, the electrons are
not emitted in a continuous stream,
but seem to be expelled in bunches,
and these bunches of electrons
cause plate current variations that
are reproduced as noise signals.

i
“im}nhfi ,
RUHHS

\

stant, random variations of divi-
sion occurring because the paths
traveled by the electrons cause
more of them to be intercepted by
intervening positive electrodes at
one instant than at another. Hence,
tetrodes, pentodes, and other mul-
tigrid tubes are more noisy than
triodes because they contain two
or more positive electrodes.

A group of plug in type high frequency tronsformers. The resistonce ond distributed copoci-
tonce of these coils ore determined by the size wire ond spocing between turns.

This source of noise is common to
all electron tubes.

The second noise source is the
chance variation in the division of
the current between two or more
positive electrodes. When a tube
contains two or more positive elec-
trodes, the current divides between
them in accordance with their volt-
age, area, and location. However,
this current division is not con-

Courtesy Nationol Co., Inc.

Since the noise generated within
the tube is amplified to the same
degree as the signal applied to the
tube input terminals, there is some
definite minimum signal strength
below which satisfactory perform-
ance can not be achieved with a
particular tube. Because they gen-
erate less noise, triodes may be
operated with lower signal strengths
than may other tubes, and several
unique circuits have been devel-
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oped to permit satisfactory per-
formance of these tubes in the high
frequency range without the need
to neutralize them.

A ftransmitter type amplifier tube. The interelec-

trode capacitances depend vpon the size, shape,

and spacing of the electrodes. Note the glass bulb
is made karge to dissipate heat.

Courtesy Sylvania Electric Products, Inc.

LEAD PLACEMENT

Because of the high frequencies
involved in the generation and am-
plification of pulses, not only is
the use of high quality parts of
great importance, but equally so
is their placement. Extreme care

must be exercised when laying out
the chassis and mounting the parts
to arrange them so that a minimum
of undesired interaction occurs be-
tween the various circuits. If this
is not done, energy from one cir-
cuit may be fed into another in
such a way as to cause oscillation
or other improper operation of the
equipment.

Grounds

One common source of instabil-
ity in high frequency or pulse cir-
cuits is the use of more than one
ground connection for each com-
plete stage as shown in Figure 6.
Here, components R, and C, rep-
resent respectively the cathode bias
resistor and bypass capacitor, the
ground connections of which are
made at lug G,. Inductor L, repre-
sents the grid tuning coil, the
ground connection of which is made
at lug G..

Referring to a previous lesson on
electron tubes, it may be remem-
bered that the grid circuit includes
all of the parts between the tube
grid and cathode terminals. Thus,
in Figure 6, the grid circuit con-
tains not only components L,, C,,
and R, but also that portion of the
chassis between ground lugs G, and
G,. In series with the coil, the
chassis adds resistance and induct-
ance and thus has an effect on the
circuit tuning. In addition, any
voltage drops appearing across the
two ground points is lost insofar as
the circuit is concerned.



Parts Quality

Page 17

But more important than this
is the effect of the currents circu-
lating in the chassis. As shown by
the dotted lines of Figure 7, the
radio frequency currents circulat-
ing between lugs G, and G, are
not restricted to the area between
the lugs but spread out to either
side of these paths.

As a result of these currents, sig-
nal voltages appear in the chassis
due to the inductance and resist-
ance of the chassis. For example,
if a voltage drop of 1.2 volts ap-
pears between ground lugs G, and
G of Figure 7 then each one of the
vertical lines represent points on
the chassis which are .2 volt poten-
tial difference with respect to ad-
jacent lines. Thus, between lugs
G; and G, exists .6 volt of the sig-
nal appearing between lugs G, and
G,. Consequently the voltage be-
tween lugs G; and G, varies not
only at the rate of the signal im-
pressed between them, but also at
the rate of the signal applied across
lugs G, and G;. This coupling be-
tween the two circuits may result
in a serious impairment of the cir-
cuit operation, such as degenera-
tion, oscillations, or unwanted sig-
nals.

Short Leads

Another defect to be noted in
Figure 6 is the use of long leads
for connecting the resistor, capaci-
tor, and the inductor into the cir-
cuit. These connections actually
are extensions of the tube elec-

trode; therefore they add to the
tube lead inductance so that its
effect becomes an appreciable
quantity at a frequency consider-
ably below that determined by the
tube alone.

A much better arrangement of
the components of Figure 6 is
shown in Figure 8. Here, all of the
ground connections are made at

Due to its low interelectrode capacitances this twin
triode, 12AT7, often is used in grounded grid am-
plifier circuits.

Courtesy General Electric Co.

one point, thus reducing the possi-
bility of coupling between stages
through the common chassis. Also,
this arrangement permits much
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shorter leads on resistor R, and
capacitor C;, and allows operation
at higher frequencies before the
inductive effect of the leads be-
comes detrimental.

nearly at right angles to minimize
both inductive and capacitive cou-
pling.

Although shields can be used in
many cases to stop unwanted cou-

In high frequency communicction equipment tube shielding is used due to dlose spacing.
Courtesy Mobile Communications Co.

Unwanted Coupling

Leads from two different circuits
should not be run close together,
otherwise the inductive or capaci-
tive coupling between adjacent
leads becomes sufficient to produce
improper operation. When leads
must cross they should be laid

pling between parts or leads, it
should be avoided whenever pos-
sible. In the first place, most cou-
pling can be better prevented by
careful placement of parts and
leads. Second, the shield always
introduces losses such as lowered
Q for coils and added shunt capaci-
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tance for tubes, other components,
and leads.

Also care should be exercised
with all connections. A poor con-
nection may produce erratic or

cases, the common impedance pro-
vides coupling between the two
circuits in a manner similar to the
coupling which occurs in the chas-
sis situation of Figure 7.

The under chassis view of a television receiver. By placing the h-f circuits in the lower part ond the
deflection circuits in the upper part of the chossis, interaction between these circuits is reduced to o
minimum,

noigy operation due to size or vari-
ation of resistance it introduces,
or it may cause detuning effects
due to the capacitance across the
resistance thus introduced. More-
over, such a connection often is in
more than one circuit. In such

Courtesy The Mognavox Co.

PARTS PLACEMENT

When assembling high frequency
electron equipment, considerable
care must be exercised in the place-
ment of the parts with respect to
the chassis. For example, signal
circuit components should be kept
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well clear of the chassis, while the
power and heater circuit conduc-
tors should be kept close to it.

In Figure 9A, capacitor C, repre-
sents the signal coupling unit be-
tween the V, plate and the V, grid
terminals. Because of the capaci-
tor connections and location, there
is a capacitance between it and
the chassis as shown by dotted
capacitor C, in the Figure. In shunt
with the V, plate to cathode and
the V, grid to cathode capacitances,
this capacitor tends to bypass sig-
nal energy so that it does not reach
the V, grid. To prevent the energy
loss this shunt capacitance can be
reduced by keeping the spacing be-
tween the chassis and the coupling
capacitor as large as consistent
with short lead length.

On the other hand, this shunt
capacitance between the circuit
components and the metal chassis
may be used to good advantage in
the heater and power supply cir-
cuits where signals are unwanted.
By placing the connecting wires
close to the chassis as shown in
Figure 9B, the shunt capacitance
between the conductor and the
chassis may be increased to the
point where in conjunction with
the lead inductance it filters most
of the r-f energy and thus prevents
such signals from reaching circuits
where it may cause erratic opera-
tion.

From this lesson it may be seen
that improper choice of parts and
careless layout or wiring can create
problems for which there is no cure
better than correcting the faults
thus introduced.
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Network televisian is made passible by microwave relay. The signals are beamed from one
tawer to another spaced about 35 miles apart.

Courtesy Federal Telecommunication Labs., Inc.
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It is remarkable to what lengths people will go
to avoid thought.
—Thomas A. Edison



TELEVISION SYSTEM REQUIREMENTS

In an earlier lesson, we pointed
out how impractical it would be
to produce a television system
which transmitted an entire pic-
ture simultaneously. The multitude
of circuits required would make it
economically impossible even over
short distances. Consequently, all
present day television systems use
the sequential method of transmis-
sion. The brightness of the picture
is transmitted a spot at a time, line
by line, until the entire scene is
covered, whereupon the whole pro-
cedure is repeated. When the spot
is small enough and the scanning
progresses rapidly, a picture of sat-
isfactory quality is reproduced by
economical, modern television sys-
tems.

In order to understand what fac-
tors do limit the quality of the
picture by this sequential system,
it is necessary to consider very
carefully how the picture details
are scanned.

SCANNING LINES

Hitherto, it has been assumed
that in the vertical direction, a
scanning pattern consisting of 500
lines will contain one picture ele-
ment per line for a total of 500 ele-
mentary areas. However, this is
not always true. When the smallest
details of the picture are larger
than the height of the scanning
spot, the system reproduces sub-
stantially all of the detail present.

Thus, in the vertical direction, the
maximum number of elements is
determined directly by the num-
ber scanned.

However, when the small details
in the scene are the same or less
than the height of the scanning
spot, then the possible maximum
number of elements, in the vertical
direction, is determined by the
number of scanning lines. In prac-
tice this value is reduced somewhat
by the fact that all of the small pic-
ture details do not necessarily fall
on, or coincide with, the position
of the scanning lines.

Some possible variations between
relative size and position of the
picture details, with respect to the
scanning lines, are illustrated in
Figure 1. The groups A, C, E, and
G on the left represent small de-
tails of the picture to be televised,
and show their relative positions
to the lines of the scanning pattern
of the studio camera tube. Groups
B, D, F, and H on the right repre-
sent the manner in which the cor-
responding picture information is
reproduced on a receiver picture
tube screen. For simplicity, only
eleven scanning lines are shown,
but, of course, they represent the
action which occurs over the entire
scanning area.

The two dark and two white
areas, located between the two ver-
tical lines near the center of Figure
1A, represent small details, or ele-
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ments, of the scene to be televised.
As the spot moves from left to
right across scanning line 1, during
the time it passes over the dark
detail, the information transmitted
to the receiver causes its scanning
spot to be reduced in brilliance and
reproduce a dark area on the pic-
ture tube screen. Therefore, in Fig-
ure 1B, the small dark area in the
center of scanning line 1 corre-
sponds to the area covered by the
dark picture detail on scanning line
1 of the camera tube in Figure 1A.
This action is repeated as the spot
moves across scanning lines 2 and 3.

For scanning lines 4, 5, and 6,
the picture detail is white, and this
information, transmitted to the re-
ceiver, causes its scanning spot to
remain at maximum brilliance and
produce a corresponding white area
at the center of the screen.

So far, the image on the receiver
screen corresponds exactly to the
scanned object at the transmitter,
because the division between the
dark detail at the top and the
white detail immediately below
falls exactly on the boundary be-
tween the third and fourth scan-
ning lines.

However, the division between
this white detail and the lower dark
detail falls in the middle of the
seventh scanning line, while the
lower limit of this dark detail falls
in the middle of the tenth scanning
line. Under these conditions, areas
a and b in lines 7 and 10 of Figure

1A, contain exactly half the light
of a completely white area. At the
receiver, the corresponding infor-
mation causes the screen to have
some intermediate brilliance be-
tween black and white, or grey, at
the irstant the receiver tube scan-
ning spot passes these points, as
shown in Figure 1B by areas a’
and b’ on the seventh and tenth
scanning lines.

Because the edges of the picture
details do not coincide with the
edges of the scanning lines there is
a blurred or indistinct boundary
between the elements of the repro-
duced image on the receiver screen.
That is, the white and dark areas
appear to overlap to an extent
equal to the width of a scanning
line.

The seriousness of this effect is
inversely proportional to the size
of the picture details, since the
overlap region will be equal to the
width of one scanning line whether
the picture “detail” covers several
hundred scanning lines, or but two
or three as shown in Figure 1A.

For larger areas which cover
many scanning lines, a ‘“fringe”
with the width of one line is not
very evident, but if the details are
small, as in Figures 1A and 1B,
then the comparatively wide ““fuz-
zy”’ region is very noticeable, giv-
ing that part of the image an out-
of-focus appearance when viewed
at close range. In practice, some
of the picture element edges coin-
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The cameras, microphones, ond some lighting units ore mounted on dollies, thus the equipment
can be moved to the desired stage location quickly and easily. The control room is located in
the baolcony above the clocks.

cide with the scanning lines and no
fringes are produced, while others
overlap the scanning lines. Many
take intermediate positions, that
is, they overlap, but not to the
extent of covering half a scanning
line. Therefore, the intensity of the
fringes varies all the way from
nearly white to black, depending
upon whether a white or black pic-
ture element covers most of the
overlapped scanning line.

Since only the edges of picture
elements can produce these fringes,

Courtesy WCAU-TV Philadelphia

IMAGES CONTAINING MOSTLY LARGE
OBJECTS ARE LESS LIKELY TO HAVE
A FUZZY OR OUT-OF-FOCUS APPEAR-
ANCE THAN THOSE MADE UP OF
MANY SMALL OBJECTS with a cor-
respondingly larger number of
edges.

The ideal conditions for trans-
mission of maximum picture detail
in the vertical direction are illus-
trated in Figure 1C and 1D where
the vertical dimensions of picture
detail are equal to the width of the
scanning lines, and in addition, the
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elements are spaced and located so
that they fall exactly on the scan-
ning lines with no overlap. No grey
areas are produced on the receiver
screen, and with the black and
white picture details immediately
adjacent to each other, maximum
image contrast is obtained. On the
receiver screen, the reproduced
image contains the same number
of vertical elements as the object
at the transmitter, which in this
case is equal to the number of scan-
ning lines. Therefore, if 500 scan-
ning lines are used, then 500 verti-
cal elements can be reproduced on
the receiver screen.

The extreme opposite of this con-
dition is shown in Figure 1E, where
again, the picture details are equal
in height to the width of the scan-
ning lines. However, instead of fall-
ing exactly on the scanning lines,
as in Figure 1C, the details strad-
dle the lines. Therefore, as de-
scribed for the seventh and tenth
lines in Figures 1A and 1B, grey
areas are produced on all the lines
of the receiver image to form the
pattern of Figure 1F. As neither
black nor white areas are created,
the reproduced image is simply a
uniformly shaded vertical line,
which is entirely different from the
object scanned by the camera. No
contrast and no detail is obtained,
and if all of the details of the scene
at the studio were so proportioned
and positioned, the entire image
would be lost. Figures 1C and 1D
represent the best condition, while

the worst possible case is repre-
sented in Figures 1E and 1F.

In actual practice, some of the
picture elements will fall on the
scanning lines as in Figure 1C,
some will straddle the scanning
lines as in Figure 1E, but most of
them will occupy some intermedi-
ate position so that, although every
reproduced line will not be com-
pletely white or black, as in Figure
1D, neither will they all be the
same shade of grey, as in Figure
1F. Therefore, in the parts of the
scene where the size of the picture
elements is about equal to the
width of the scanning lines, the
average number of vertical picture
elements reproduced on the re-
ceiver screen will be somewhat less
than the number of scanning lines.

A third possible set of conditions
is represented in Figure 1G where
the height of the picture elements
in the scanned pattern is only one-
third the width of the scanning
lines. At the top, the black and
white elements are evenly spaced
and do not straddle the boundaries
between lines, but, at the bottom,
the black elements, still equal to
one-third the scanning line width,
are randomly spaced so that the
white elements vary in height.

As one-third of scanning line 1
is occupied by a black element and
two-thirds by a white element, the
transmitted information causes a
light grey, closer to white than to
black, area on the corresponding
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scanning line at the receiver. The
shading covers the entire width of
the line and the respective white
and black picture elements are
combined into one light grey ele-
ment with a height equal to the
width of the scanning line.

At the camera tube, scanning
line 2 covers one white and two
black picture elements, which com-
bine to give a dark grey element in
the corresponding area on the re-
ceiver screen. The scanning device
responds only to the total light in
the areas covered by the scanning
spot at any instant, therefore,
again, the individual picture de-
tails are lost, being merged into
one, dark grey in shade and equal
in height to the width of the re-
ceiver scanning line.

On scanning line 3, the action is
the same as on line 1 to reproduce
a light grey element and, like line
2, line 4 produces a dark grey ele-
ment on the receiver screen. The
height of each reproduced vertical
element is equal to the total height
of three elements in the original
scene. Thus, for the top four scan-
ning lines, the twelve original pic-
ture elements of Figure 1G are re-
duced to four in the reproduced
image of Figure 1H. Although
varying in shade, none of the repro-
duced elements are totally black
or totally white like the elements
scanned by the camera.

Summarizing this action: the
maximum number of vertical ele-

ments which can be transmitted is
limited by the number of scanning
lines, even though the original scene
may contain more elements than there
are lines in the scanning pattern.
Scanned by the lines of Figure 1G,
the reproduced image of Figure 1H
is only an approximation of ‘the
original object, being darker in the
regions where the dark picture ele-
ments are concentrated and bright-
er in the regions where the white
picture elements are concentrated.

The lower part of Figure 1G
more closely resembles the condi-
tions in an actual scene, and check-
ing here, scanning lines 5 and 6
each cover the same amount of
light as lines 1 and 3, consequently,
grey areas of the same intensity are
produced on the receiver screen.
The white picture elements in scan-
ning line 7 are very narrow, and
therefore, a very dark, almost black
element is produced on the picture
tube screen. Continuing on down
in Figure 1G, similar actions occur
for all except line 10, which crosses
an all white region and produces a
white element on the pattern of
Figure 1H.

Although the details in the scan-
ned scene of Figure 1G are not re-
produced exactly, the image of Fig-
ure 1H corresponds to the original
in a general way because it is dark-
est where the dark elements are
concentrated and lightest where the
light elements are concentrated.
The scanning pattern of Figure 1G
reduces the thirty original vertical
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elements of the scene to eleven. In
Figure 1H, adjacent lines 5 and 6
have identical shading and appear
as a single element to reduce the
total of the reproduced image to
ten vertical elements.

Due to this action, it has been
found that the average maximum
number of reproduced vertical ele-
ments is equal to-about 80% of the
total number of scanning lines.
Thus, in a system with 500 scan-
ning lines, the maximum number
of reproduced vertical elements is
80% of 500, or 400.

PICTURE ELEMENTS

In a television image, the total
elements are equal to the number
of reproduced vertical elements
multiplied by the number of hori-
zontal elements in each scanning
line. It may be well to point out at
this time, that since the scanning
spot moves across the image at a
uniform speed, there is no definite
width or number of horizontal ele-
ments as explained for the vertical
elements, the minimum vertical
height of which is determined by
the width of the scanning lines.

However, to compare the rela-
tive vertical and horizontal detail
or definition in the reproduced
images, it is convenient to think of
the scanning lines of the reproduced
image on the receiver screen as
being divided into horizontal ele-
ments. Then the number of these
assumed horizontal elements is a

direct indication of the frequency
response of the equipment. The
larger the number of elements ob-
served in the reproduced image,
the higher the frequency response
of the system.

Square elements with equal hori-
zontal and vertical spacing are
shown in Figure 2A, and, since in
this drawing only 18 scanning lines

One of the main requirements of the television re-
ceiver is to produce a consistently good picture.
Pictured is a large screen console type receiver.

Courtesy The Magnavox Co.

are shown, 18 is the theoretical
maximum number of vertical ele-
ments that can be produced. How-
ever, as mentioned above, the num-
ber of vertical elements actually
produced is only eighty per cent of
the number of lines used. There-
fore, for this example, the number
of vertical elements is equal to
80% of 18, or approximately 1414 .
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The number of horizontal ele-
ments that it is possible to repro-
duce is not limited by the number
of scanning lines, but only by the
frequency response characteristics
of the equipment. The height of
the standard scanning pattern, or
picture area, is equal to three
fourths its width, and assuming the
frequency response of the equip-
ment to be adequate, 4/3 as many
square picture elements may be
produced in the horizontal direc-
tion as is theoretically possible in
the vertical direction. That is, for
this example, the possible number
of elements per line is equal to
4/3X18, or 24.

Thus, the total number of ele-
ments actually produced in the en-
tire pattern of Figure 2A is equal
to 1415 (vertical elements) X 24
(horizontal elements), or 348. Pro-
ceeding in the same way for a 500
line picture, the actual number of
vertical elements is 80% of 500, or
400, which multiplied by the num-
ber of horizontal elements, 4/3 X
500 =667, gives a total of 400 X 667
= 266,800 elements per image.

Although it is possible to oper-
ate so that the reproduced elemen-
tary areas are as wide as they are
high, equal horizontal and vertical
spacing, actually the picture is im-
proved if their horizontal dimen-
sion is reduced, thus allowing a
greater number of elements per
line and a greater total number of

elements per image. If the fre-
quency response of the pickup-
transmission-reproduction system
is extended, it is possible to have
more elements per scanning line
than are needed for equal horizon-
tal-vertical spacing. This condition
is shown in Figure 2B which has 18
scanning lines, as in Figure 2A,
but the number of elements per
line has been increased to 36 so
that the individual elements are
only two-thirds as wide as those in
Figure 2A.

In Figure 2B, with 36 per line,
the total number of elements per
image is equal to 36 X (80% of 18)
=36 X142 =522. If the horizontal
elements in a 500 line pattern were
increased to the same extent as in
the example of Figure 2B, the num-
ber per line would be 1.5 X500 =
750. The total elements produced
per picture would be 750 X (80%
of 500) =750 X400 = 300,000.

In some television receivers, es-
pecially those with smaller screens,
the horizontal definition may not
exceed the equivalent of 400 hori-
zontal elements per line. Also, for
simplicity in the explanations, 500
scanning lines have been assumed,
but in practice, the actual number
is about 485. On this basis, the
number of vertical elements will
be equal to 80% of 485 =388 which,
multiplied by 400, gives a total of
155,200 elements for a complete
image or frame.
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When it is remembered that,
within certain limits, picture qual-
ity increases with the number of
elements, in this way the quality
of television pictures can be com-
pared with that found in motion
picture films. In 16 mm film there

rate of 24 frames per second and,
for satisfactory viewing, television
images must be projected at this
rate, at least. In the present tele-
vision systems, which operate at
the rate of 30 images or frames per
second, the scanning spots, or elec-

These tubes are required in a typical television receiver.

are about 125,000 picture elements
per frame, and in 35 mm film about
500,000 elements per frame.

PICTURE

TRANSMISSION RATE

To reduce flicker, sound movies
are projected on the screen at the

Courtesy Tung-Sol Electric inc.

tron beams of the camera and pic-
ture tubes scan the entire image
twice during the transmission of
each single picture. That is, to
transmit 30 frames per second, the
image must be scanned 60 times
per second.
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This method of scanning will be
explained in greater detail later,
but is mentioned here because it is
the reason that the deflection volt-
age generators, which control the
vertical movement of the beam,
must operate at a frequency of 60
cycles per second. This scanning
frequency has been chosen to cor-
respond to the power line frequency
used in most parts of the United
States so that the small amount of
60 or 120 cycle ripple, which usu-
ally remains in the output of the
power supply in spite of good fil-
ters, will not produce a moving
pattern on the receiver screen.

D

A television antenna of the indoor type must be
used where outdoor antennas are not expedient.

Courtesy Tricraft Products Co.

Any interference, such as “static”
or hum, will cause variations of
light to appear on the screens of
television receivers, but, with a
scanning frequency of 60, any vari-
ation of light caused by hum volt-
age will occur at the fundamental
or harmonic of the scanning fre-
quency and remain stationary on
the screen. With fractional differ-
ences between scanning and hum
frequencies, variations of light,

caused by hum, will produce a
moving pattern which is much more
noticeable and objectionable.

VIEWING DISTANCE

In order to determine the most
satisfactory viewing distance of a
receiver screen, it is important to
consider the characteristics of the
human eye. A theoretical approach
to this problem may be made from
the standpoint of the ‘“‘acuity of
vision”” which is the ability of the
eye to distinguish details, or ob-
jects, of small dimensions.

To illustrate this characteristic,
Figure 3A consists of two heavy
black horizontal lines separated by
a thin white line, each of which
can be considered as an element of
a scene. At ordinary reading dis-
tance, the white line can be seen,
but by increasing the distance be-
tween the lines and your eye, the
white line becomes harder and
harder to see until, at a distance
of ten or twelve feet, the separa-
tion between the two black lines
is no longer visible and they ap-
parently merge into one heavy line.
Therefore, at a given distance, there
is a limit to the detail, or size of
small images, that the human eye
can distinguish.

To illustrate this action further,
in Figure 3B, let “h” represent the
height of a small object or picture
detail. Then, for normal vision,
the greatest distance, d, at which
the eye is able to ‘“‘see” the object,
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is that distance at which the angle
O is equal to about one minute of
arc, or one sixtieth of one degree.
Stating this fact in another way,
the least height, “h,” which an
object can have and still be seen
by the normal eye, at a given dis-
tance, d, is that height at which
the angle O is equal to about one
minute of arc.

Persons of more acute vision are
able to distinguish objects when
the angle © is only 4 minute,
while persons with less acute vision
may not be able to resolve objects
unless the angle O is equal to 2
minutes or more.

If the height of the object is in-
creased to that of line “h,”’, then
without changing the angle, the
distance may be increased to d,, as
shown. On the other hand, if the
distance is increased to d,, the
smallest height a visible object can
have is the dimension h,.

Expressed mathematically:

tan O =h-=£=etc.
d d

1
when “h’” and ‘““d” are measured
in the same units such as inches or
feet. This equation shows that the
ratio of the object height to the
viewing distance is a constant
value.

In television, it is usually more
convenient to measure the height,
“h” in inches and the distance ‘‘d”’

in feet, therefore, the equation can
be changed to:

h (inches)

tan 0 = —————~
12d (feet)

and transposing terms:

h (inches)

d (feet) = .
12 tan O

Trigonometric tables give values
for the tan O as:

tan }2’ = .000145
tan 1’ = .00029
tan 2’ = .00058

and by substituting the desired
value of tan © together with vari-
ous values of element heights, the
equation can be used to calculate
the corresponding viewing dis-
tances.

Following this plan for different
angles and heights, sufficient values
have been calculated to plot the
curves of Figure 3C. If the size of
the smallest details which a par-
ticular system can produce is
known, these curves can be used
to find the maximum distance from
the screen at which an observer
will be able to see the smallest pic-
ture details.

It has been explained that, theo-
retically, the smallest picture de-
tails which can be produced are
equal in height to the width of one
scanning line. As an example, sup-
pose that on the face of a twenty-
one inch picture tube, the viewing
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area of 485 lines is 14 inches in
height. The width of one line and
therefore, the height of the small-
est possible reproduced picture ele-
ment is 14 +485=.029 inch. Ac-
cording to the “©=1"" curve of
Figure 3C, the maximum distance
at which a viewer with normal

NAc-IM

" 14¢ YANKEE NETVORK

across their width. In practice,
neither of these conditions are com-
pletely true, therefore, the actual
ability of the eye to distinguish
picture elements is less than that
indicated by the above example
which represents the best possible

case.

A complete studio and transmitter. Mobile television units are used to cover sport events,
parades, and other news events for transmission to television audiences.

vision can be from the screen and
still see the smallest picture detail,
is about 84 feet.

So far, the explanations hold true
if the images are perfectly station-
ary and the scanning beam traces
have uniform distribution of light

Courtesy General Electric Co.

With movement occurring in the
scene, the resolving power of the
normal eye is such that the angle
6, produced by the smallest visible
detail, is equal to about 2 minutes.
This represents an intermediate
condition, and in worse cases, the
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angle © may be equal to as much
as 5 minutes or more. According
to curve 0=2', Figure 3C, a pic-
ture detail of .029 inch, as assumed
in the former example, must be
viewed from a distance not greater
than about 4}4 feet in order to be
seen. However, 44 feet, or 51
inches, is only 3.6 times the 14 inch
height of the picture.

Experience with television and
movie audiences has shown that
watching the picture from a dis-
tance less than 4 or 5 times its
height causes tiring of the viewer’s
eyes, because, at close range, the
eye must move excessively to cover
the picture area. This movement of
the eye is necessary because only
the region at the center of the
retina is capable of distinguishing
details to the extent indicated in
the graphs of Figure 3C. There-
fore, in order to ‘“‘see’’ details over
the entire picture area, the eye
muscles must be in action con-
stantly so that all the regions of
the picture area may affect this
sensitive center portion of the
retina.

Experience shows also that free-
dom from strain of eye muscles is
more important than the ability to
see the tiniest picture details,
therefore, a viewing distance some-
what greater than that which al-
lows maximum discernment of pic-
ture elements is desirable. On the
other hand, if the viewing distance
is too great, the picture occupies

an extremely small field of view,
and again considerable eyestrain
is produced.

Experiments with various audi-
ences has indicated that the opti-
mum viewing distance ranges from
about 4 to 10 times the picture
height. The distance of 8!5 feet
for a .029 inch minimum detail in
an image 14 inches in height, as
indicated by the curve 0=1', in
Figure 3C, gives a d/h ratio of 100
inches to 14 inches, or 100/14 =17.1,
which falls midway between the
limits of 4 and 10. Therefore, al-
though incorrect from the theoreti-
cal point of view of visual acuity
(when moving images are assumed)
the curves of Figure 3C are still
useful for the determination of ap-
proximate viewing distances be-
cause of the modifying considera-
tion of eyestrain.

BANDWIDTH
REQUIREMENTS

Like radio transmission, when
the television video carrier is mod-
ulated, sidebands are produced and
those farthest removed from the
carrier correspond to the highest
modulation frequency. The maxi-
mum number of picture elements
transmitted by the television sys-
tem result in video frequencies as
high as 4 megacycles. Thus, if the
various v-f voltages are sine wave
in shape, the sidebands produced
by modulation of the carrier cover
a frequency range up to 4 mc above
and below the carrier frequency.
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However, in the actual trans-
mission of picture information, the
various r-f voltages involved may
have a large variety of wave-forms.
In Figure 4, for example, if the
black and white vertical bars are
a part of the transmitted scene,
there are abrupt changes from
white to black and black to white
as the scanning beam moves across
them. These sudden changes with
uniform color in between will pro-
duce a square wave voltage like
that drawn below the bars. Notice
here, each pair of bars, one white
and one black, produces one com-
plete square wave cycle.

All radio and television circuits
are composed of various combina-
tions of resistance, inductance, and
capacitance or their equivalents
and, with the application of some
definite voltage, the resulting cur-
rent is determined by the imped-
ance of the circuit components and
by their manner of connection.
Also, in the case of capacitive and
inductive components, the effec-
tive impedance depends upon the
frequency of the alternating cur-
rent. In addition, the inductance
or capacitance in a circuit will
change the wave-form of all except
sine wave currents. For this reason,
a-c circuit theory is often based on
sine wave currents and voltages.

Then, in order to study the action
of other wave-forms in circuits of
this type, it is customary to con-
sider the applied voltage as con-
sisting of a combination of various

frequency sine waves which, when
added, produce an equivalent
wave-form.

By means of a mathematical
process known as ‘“Fourier Analy-
sis,” it has been shown that a
square wave, such as that in Fig-
ure 4, is equivalent to a sine wave
of fundamental frequency equal to
that of the square wave, plus an
infinite number of odd harmonics.
For example, sine waves of 40 cps,
120 cps, 200 cps, 360 cps, 440 cps,
etc. indefinitely, if added in proper
phase and relative amplitudes, are
the equivalent of a square wave of
40 cps.

The bandpass response of a given
circuit is the frequency range over
which the circuit provides essen-
tially uniform response. However,
this definition assumes that the
applied voltages are sine waves
and, in order for a circuit to trans-
mit a voltage square wave with
absolutely no distortion, it would
be necessary to extend the upper
frequency limit of its bandpass to
infinity. Of course, this is impos-
sible from a practical standpoint,
but it has been found that televi-
sion circuits which pass frequencies
as high as the thirteenth harmonic
of a given square wave permit the
reproduction of sufficiently sharp
edges on black or white objects in
the image.

In the event the vertical bars of
Figure 4 were each equal to the
width of one picture element, then,
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with 450 elements per scanning
line, 500 scanning lines per frame
and a frame transmission rate of
30 per second, the total number of
picture elements transmitted in one
second is 450 x500 x30 or 6,750,-
000. Assuming two picture ele-
ments correspond to one electric
cycle, the fundamental frequency

However, on the screen of a 16
inch picture tube, the horizontal
dimension of the scanned area or
raster is approximately 13%% inches
so that with 450 elements per line
each one has a width of only 0.03
inch. Assuming the acuity of the
observer’s eye is equal to from 1’
to 2’ of arc, with a viewing distance

To provide a consistently good picture for transmission, each camera picture is monitored by
engineers at all times.

of the square wave voltage pro-
duced would be 6,750,000/2 or
approximately 3.4 mc and the
thirteenth harmonic would be equal
to 13x3.4 or 44.2 mec. Thus, to
reproduce these bars with sharp
edges, the television transmitter
and receiver circuits would have to
pass a frequency band up to 44.2
mc.

Courtesy Allen B. DuMont Labs. Inc.

of 7 times the picture height of 10
inches, or 70 inches, the smallest
discernible detail will be about from
0.02 to 0.04 inch wide.

Thus, with the bars of Figure 4
equal in width to one element, it
is just barely possible to see them,
and an observer is not able to tell
whether or not the edges are sharp.
Therefore, in this case, the harmon-
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ics are not necessary and instead,
a sine wave at the fundamental
frequency is transmitted. Having
the same frequency as the square
wave of Figure 4, this sine wave is
illustrated in Figure 5 together
with the resulting image which is
produced on the receiver screen.
As seen here, no well-defined edges
actually exist in the reproduced
image as the changes from black
to white and from white to black
are quite gradual.

However, Figure 5 shows that
it is possible to produce a change
from white to black, or vice versa,
in the space of one picture ele-
ment. Therefore, with vertical bars
15 to 20 times as wide as one ele-
ment, the ratio of the bar width
to that of the transition space is
sufficiently high to produce the ap-
pearance of sharp edges.

If the widths of the vertical bars
of Figure 4 were each equal to that
of 15 picture elements, then, with
450 elements per scanning line,
there would be 30 bars in the Fig-
ure and the ratio of bar width to
transition space would be very high.
Transmitted at the rate of 500
lines per frame and 30 frames per
second, the 30 bar image would
produce a voltage square wave hav-
ing a fundamental frequency of
225,000 cycles per second. To re-
produce the vertical bars with rea-
sonably sharp edges requires fre-
quencies as high as the thirteenth
harmonic of the fundamental and
therefore, the transmitter and re-

ceiver circuits must be capable of
passing a frequency band up to
13 X 225,000 or 2,925,000 cycles
(2.925 mc).

To illustrate this action in great-
er detail, in Figure 6A a wave-form
containing the fundamental and
odd harmonics up to the 13th is
superimposed on a square wave of
the same fundamental frequency.
Note that the resultant wave,
which was produced by combining
the fundamental, 3rd, 5th, 7th, 9th,
11th, and 13th harmonics, very
closely approximates the shape of
the ideal square wave.

In Figure 6B, a similar wave con-
taining the odd harmonics up to
the 21st is superimposed upon a
square wave of the same funda-
mental frequency. Note that this
wave approximates the ideal square
wave-form even more closely than
that of Figure 6A. The 21st har-
monic of 225,000 cps is equal to
21 % 225,000 =4,725,000 cps. There-
fore, to transmit the wave of Figure
6B, the circuits require a pass
bandwidth with an upper limit of
about 4.7 mc. Usually the televi-
sion studio equipment is designed
to handle a maximum video fre-
quency of 6 mc or higher, but as
the signal passes through the trans-
mitter, the sidebands are restricted
so that frequencies no higher than
4 mc can be transmitted.

Therefore, 4 mc is the theoreti-
cal maximum frequency for which
the receiver circuits need be de-
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signed. However, in many practical
cases, the receiver circuits cause
further attenuation of the higher
frequencies, so that a maximum
video frequency of about 3.5 mc is
usual when the video signal finally
arrives at the control grid of the

A comparison of the reproduced
wave of Figure 6B with that of
Figure 6A shows that the larger
the number of harmonics included,
the flatter the top of the wave be-
comes, while reference to Figures
4 and 5 shows that the flatter the

The image orthicon camero tube. The sensitivity of this tube is increosed by employing electron
multipliers shown neor the bose of the tube.

picture tube. Note that this value
is adequate to pass a sufficient
number of harmonics for the repro-
duction of sharp edges on large
objects, such as explained for the
vertical black and white lines of
Figure 4.

Courtesy Generol Electric Co.

top of the wave, the more uniform
the shading of the various black
and white lines. Summarizing the
over-all action, the higher the maxi-
mum video frequency of the tele-
vision system: (1) the finer the
degree of the reproduced detail, (2)
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the sharper the edges of the larger
objects in the image, and (3) the
more uniform the tone of these
larger objects.

o e i

in arder to receive a satisfactory signal in "fringe™
areas a good outdaar antenna is needed.

Caurtesy Telrex, Inc.

VESTIGIAL SIDEBAND
TRANSMISSION

When both the upper and lower
sidebands are transmitted with the
carrier, as iIn AM radio broadcast-
ing, the total bandwidth required
by any one station is equal to
twice the highest modulation fre-
quency. With this method, the
bandwidth required by a television
station picture transmitter employ-
ing a maximum modulation fre-
quency of 4 mc is a minimum of 8
mc, as shown in Figure 7A. Here,
f. represents the carrier frequency,
the lower sideband extends down
to f, which is equal to f.—4 mc,
and the upper sideband extends up
to f; which is equal to f.+4 mc.

For commercial television, the
FCC has allocated 6 mc channels
each of which must accommodate
both the picture and sound car-
riers, with their respective side-
bands. Using double-sideband
transmission and allowing space for
the sound signals also, to operate
within a 6 mc channel, a television
station would have to limit the
maximum modulation frequency to
less than 3 mc. Rather than oper-
ate in this manner and transmit
picture signals of reduced quality,
it has become standard practice
to transmit the entire upper side-
band but only a part of the lower
sideband, as shown in Figure 7B.
This arrangement, known as ves-
tigial sideband transmission, allows
the use of a maximum modulation
frequency of 4 mc and at the same
time leaves space for the sound
signals (not shown) in a 6 mc chan-
nel.

Attenuation of the lower side-
band may be accomplished by
means of a high-pass filter located
between the transmitter and the
radiating antenna, as shown in Fig-
ure 8. Referring to Figure 7B, this
filter passes all frequencies higher
than about f.—1 mc and attenu-
ates all lower than this value.

Although minimum channel
width would be realized by attenu-
ating the entire lower sideband —
all frequencies lower than f.—in
practice, this action produces phase
distortion in the reproduced image.
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Therefore a part of the lower side-
band must be retained to avoid
this distortion.

CHANNEL ARRANGEMENTS

With a 6 mc channel width there
are a number of possible arrange-
ments of sound carrier and picture
carrier with space on each side to
act as a guard band. Using but one
sideband of the video transmission;
(1) the sound carrier might be
placed either higher or lower in
frequency than the picture carrier,
(2) the sound carrier might be
placed close to the picture carrier
with the attenuated picture side-
band between them, or (3) the car-
riers might have wider spacing with
the unattenuated sideband be-
tween them.

The arrangement which is em-
ployed in television broadcasting
in the U.S.A. is illustrated in Fig-
ure 9. The horizontal base line,
drawn to a length which represents
the 6 mc width of one channel, is
marked in 1 mc divisions. At the
extreme left, point O represents the
lower frequency limit of the chan-
nel, while point 6, at the extreme
right, represents the upper fre-
quency limit. The vertical dimen-
sion indicates the amplitude of the
modulating signals relative to that
of the r-f carrier signal.

The picture carrier is located
1.25 mc above the lower frequency
limit and the sound carrier is lo-
cated 0.25 mc below the upper

limit of the channel. Therefore, as
indicated, the sound carrier is ex-
actly 4.5 mc higher in frequency
than the picture carrier. The video
sidebands have uniform amplitude
from 0.75 mc below the picture car-
rier to 4 me above it, and are then
attenuated sharply so as not to
cause interference with the sound

A microwave antenna designed to operate at 940
me. The parabolic reflector beams the signal from
one relay tower to the next.

Courtesy Workshop Associates
Div. of the Gabriel Co.

signals or an adjacent channel. Ex-
cept for the comparatively small
space occupied by the sound side-
bands, the 0.25 mc region between
the sound carrier and the upper
limit of the channel acts as a guard
band to prevent interference be-
tween adjacent channels.

A channel arrangement using
double-sideband video transmis-
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sion isshown in the simplified sketch
of Figure 10A and although the
channel width is 6 mc, the highest
possible video modulation signal
is only 2.25 mc. For comparison,
Figure 9 is simplified in Figure 10B,
where the possible increase of video
modulation frequency to 4 mc is
readily apparent.

Two other possible dispositions
of the carriers and sidebands are
shown in Figures 10C and 10D. In
Figure 10C, the sound carrier is
near the lower end of the channel
with the picture carrier 1.25 mc
higher and the attenuated lower
video sideband between them. In
Figure 10D, the sound carrier is
near the upper end of the channel
with the picture 1.25 mc lower and
the attenuated upper video side-
band between them. As shown,
both have the advantage of an in-
crease in possible video modula-
tion frequency to 4.25 mc. How-
ever, in both cases, the sound and
picture carriers themselves are sep-
arated by only 1.25 mec. This nar-

row spacing of the carriers allows
them to produce a beat note of 1.25
mc which, being within the band
passed by the video amplifier of
the receiver, produces an interfer-
ence pattern on the picture tube
screen. With the wide spacing of
the carriers of Figure 9 and Figure
10B, the carrier beat note has a
frequency of 4.5 mec which falls
outside of the normal video band
and thus does not interfere with
the picture.

Although not illustrated, a fourth
possible arrangement is to locate
the sound carrier at the lower end
of the channel with the picture
carrier 4.5 mc higher and the un-
attenuated lower video sideband
between them. This system would
provide 4.5 me spacing of the car-
riers, but since it has no advantages
over that of Figure 9, which has
been used by many existing trans-
mitters, the latter was selected by
the committee on television stand-
ards as the best choice and later
adopted by the FCC.

=)
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DeVRY Technical Institute
Jormerly DeFOREST'S TRAINING, INC.
4141 WEST BELMONT AVENUE CHICAGO 41, ILLINOIS
QUESTIONS
Television System Requirements—Lesson TPC-11B Page 27
3 How many advance Lessons have you now on hand?.............................
Print or use Rubber Stamp.
Student
NAITIC. ..o ettt e e e NOwoooieee e
SO ... e Zone........................... Grade.................cooiiein.
CabY e State.......ooooiii Instructor.........................
Write your onswers on the **Ans." line below eoch question. If more spoce is needed use reverse side of this poge.
1. Do relatively large or small objects produce the greatest fuzzy or out-of-focus appearance?
AT e eeeeeeusseessesesene e sasaaseaseatensestsasessen e ar e e AR e T e s TRe e e e e e e R e Rt e Rt T et ee e PR PR SIEIREIRISRIR T SRR SRS ES RS eSS PRSP SS SRS LR SR s RS R eRe SO PR T T e e ne RO RSN R IR SRS SRS TS SR s R s
2. As expiained for possible conditions of Fig. 1, what percentage (approx.) of the total mumber of scanning lines provides the
maximum number of reproduced vertical elements?
ATI S eeeeeeeeevesesssaessesesessasensssaesssessaseasesersosesesssessessasesnsseatsseseeseneoRe teseres e pnesserehes SR TS SES I AR TR SRR S4TSR 0RO E SRRSO R s S Re R e a4 RSB R E B4R LA RS SESREE ST SRS TSR s ae
a Whathmltsthenumberofhonzontalelementsthatcanbereproduced" ........................................................................................................

10.

........................................................................................................................................................................................................................

. Assume a standard scanning pattern similar to that of Figure 2 has been developed: (a) On the basis of 485 scanning lines

and 350 elements per line, what is the total number of elements actually reproduced? (b) How does the “quality” of the as-
sumed image compare with the detail of a 16 mm film?
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The mobile television unit, a complete studio on wheels, is used to pick up field events and relay
the program to the main studio.

Courtesy Federal Telecommunication Labs., Inc.
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It is not the going out of port, but the coming in, that
determines the success of a voyage.

~Henry Ward Beecher



FCC TELEVISION STANDARDS

Standardization of the television
system is necessary in order to
provide for reception of the image
sent from any transmitter by any
receiver within range. Produced by
different manufacturers, all tele-
vision transmitters and receivers
must operate with the same scan-
ning process, the same number of
pictures per second, the same num-
ber of scanning lines per picture,
etc., etc. Until these important
items were agreed upon by the
members of the industry, the FCC
could not permit television broad-
casting on a commercial basis.

In 1940, a group of engineers and
other qualified persons, called the
National Television System Com-
mittee (NTSC), formulated a set
of television standards suitable for
a national system of television
broadcasting. Officially adopted by
the FCC, the “National Television
System Standards’’ went into effect
allowing commercial monochrome
television broadcasting on and
after July 1, 1941. More recently
NTSC has formulated a color sys-
tem. Adopted by FCC on December
17, 1953 this system provides the
standards for all color television
broadcasts.

Most of the following standards
apply to color as well as to mono-
chrome or black-and-white tele-
vision broadcasting. In addition,
those standards that apply only to
color broadcasting are included

under the heading of Color Stand-
ards.

Although some of the standards
are practically self-explanatory,
others require a certain amount of
interpretation. This is given in the
paragraphs following the official
wording of each standard.

Depending upon their applica-
tions, the monochrome standards
aredivided into the following group
headings: (1) the television chan-
nel, (2) scanning specifications, (3)
picture signal modulation, (4) sound
signal modulation, (5) synchroniz-
ing signals, and (6) transmitter
ratings.

THE TELEVISION
CHANNEL

The width of the standard
television broadcast channel
shall be six megacycles per
second.

Because of the large number of
elements required to transmit
images with a reasonable amount
of detail, the video frequencies pro-
duced may be as high as four mega-
cycles, thereby developing side-
bands 4 mc removed from the video
carrier signal. To allow room for
the transmission of all of at least
one of these sidebands (upper or
lower), and for the accompanying
sound carrier with its sidebands,
plus guard bands to prevent inter-
ference with adjacent channels, a
channel width of 6 mc was adopted.
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The visual carrier shall be
normally 1.25 mc above the
lower boundary of the channel.

The reason for the arrangement
and location of the picture and
sound signalsin the television chan-
nel have been explained previously
and, for convenience, the diagram
showing this arrangement has been
redrawn for Figure 1 of this lesson.

The aural center frequency
shall be 4.5 mc higher than the
visual carrier frequency.

This location of the sound car-
rier, 4.5 mc above the visual carrier
or 250 kc below the upper limit of
the channel, is shown in Figure 1.
With a maximum 75 k¢ deviation
of the FM sound carrier, this ar-
rangement allows a space of 250
75 or 175 ke, between the highest
sound modulation sideband and
the top limit of the channel. Thus,
there is a guard band of 175 kc
between the signals of adjacent
channels. Present day transmitting
equipment often does not take full
advantage of the allowable sound
carrier deviation of 75 ke, a value
of 25 kc being commonly used.
Under these circumstances, the
width of the guard band is 250
-25 or 225 ke.

The visual transmission am-
plitude characteristic shall be
in accordance with the Chart
designated as Appendix III.
Figure 3.

The *“Figure 3” referred to in
this standard is the drawing shown
as Figure 1 of this lesson. With the
picture carrier located at 1.25 mc
above the lower limit of the chan-
nel, its unattenuated upper side-
band extends flat up to 4 mc above
the carrier. After the 5.25 mc point,
the signal is sharply attenuated so
that, at the frequency of the sound
carrier, the video signal is only
0.05% of the maximum carrier field
strength. The lower video sideband
extends flat down to at least 0.75
mc below the carrier and then is
sharply attenuated so that, at the
lower limit of the channel, its am-
plitude is only 0.05% of the maxi-
mum carrier strength. This method
of transmission is known commonly
as vestigial sideband transmission.

The respective carrier locations
are the same in all of the television
channels and thus, Figure 1 may
represent any one of them. For
example, in the 60 or 66 mc chan-
nel, the picture carrier, spaced 1.25
mc¢ above the lower limit has a
frequency of 61.25 mc and the
sound carrier 4.5 mc higher, has a
frequency of 65.75 mc. Checking
these values, it will be found that,
as in Figure 1, the sound carrier is
0.25 mc below the 66 mc upper fre-
quency limit of the channel. As
another example, in the 66 mc to
72 mc channel, the picture carrier
is located at 67.25 mc and the
sound carrier at 71.75 mc.
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SCANNING
SPECIFICATIONS

For monochrome and color
transmissions the number of
scanning lines per frame shall
be 525, interlaced two to one
in successive fields.

Before considering the choice of
the number of lines, the term IN-
TERLACE should be explained. Men-
tion of this subject has been made
although, so far, the explanations
have been on the basis of non-
interlaced scanning.

A large screen, floor model monochrome television
receiver. Standardization of the television broad-
cast signals assures good picture quality.

Courtesy Admiral Corp.

When non-interlaced linear scan-
ning is employed, the path fol-
lowed by the cathode ray tube
beam is illustrated in Figure 2,
where, to simplify the explanation,
only a few widely spaced lines are
drawn. During the relatively slow

scanning period from left to right,
the path of the spot is shown by
the heavy slanted lines, while dur-
ing the rapid retrace periods from
right to left, the path is indicated
by the light, almost horizontal lines.
The vertical retrace path is shown
by the dashed line between the
lower right-hand and upper left-
hand corners.

The wide spacing of the heavy
lines shows that the spot moves
downward at the same time that it
is moving from side to side. Com-
pared to the left-to-right move-
ment, the horizontal return period
of the spot is of very short duration,
therefore, very little vertical dis-
tance is covered, as indicated by
the almost horizontal direction of
the light retrace lines.

To prevent dark spaces between
the scanning pattern lines, they
should be adjacent or touch as
shown in Figure 3. Although this
requirement is not adhered to in
practice, we will assume here that
there are no spaces between the
lines and they do not overlap. For
the lines to be adjacent, the scan-
ning spot must move downward a
distance equal to its diameter dur-
ing each complete left-to-right-and-
back motion.

To illustrate this condition, in
Figure 3, the scanning spot is
greatly enlarged in diameter in
comparison with the size of the
screen. With no vertical deflection,
the spot would travel straight
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across the screen from position A
to A’, as indicated by the dotted
lines. However, with the right ver-
tical movement, the spot actually
follows the path from position A
to position B, as indicated by the
solid lines. From position B, the
spot snaps back quickly to position
C at the left side of the screen and
then scans diagonally across to po-
sition D.

With the respective deflection
voltages adjusted to the correct
frequencies, during the horizontal
scanning of each line, the spot will
move downward a distance equal
to its diameter. As shown in Figure
3, lines A to B and C to D are
immediately adjacent to each other
with no spaces between them. On
arriving at the bottom of the
screen, the spot moves over and
up to the upper left-hand corner,
where, to provide simple, non-
interlaced scanning, it begins trac-
ing again the path illustrated in
Figure 2.

Somewhat like motion pictures,
to produce the illusion of motion,
successive images must be scanned
rapidly on the screen of the tele-
vision picture tube. Therefore, each
elementary area of the screen glows
for but a very short interval after
the scanning beam passes over it.
Because of this action, with the
scanning pattern of Figure 2, the
upper lines are losing their bril-
liance by the time the scanning
spot reaches the lower lines of the
image. This periodic change of bril-

liance produces an annoying flicker
similar to that found in old time
movies.

To reduce this flicker, the verti-
cal speed of the scanning spot is
doubled so that, in Figure 3, adja-
cent lines will be separated by a
distance equal to their width. In
effect, the spot scans every second
line of the image in one half of the
former time to produce what is
known as a FIELD. Then it returns
to the top and, still traveling down
at double speed, it scans the lines
that were omitted in the first field.
Thus, the lines of the fields are
interlaced and two fields complete
one image or FRAME.

A simplified sketch of the inter-
laced scanning path is shown in
Figure 4. Here, as in Figure 3, the
spot is drawn with a greatly exag-
gerated diameter. Various positions
of the spot are indicated by the
circles marked 1, 15, 3, etc., at the
left and 14, 2, 16, etc., at the right,
while the scanning lines are num-
bered in sequence from top to bot-
tom along each edge of the screen.
The shaded “T” areas are the parts
of the screen not covered by the
scanning spot.

Starting at position (1) in the
upper left-hand corner, the spot
moves to position (2), tracing out
the top scanning line number 1.
During this left-to-right move-
ment, the spot travels downward
also, for a distance equal to twice
its diameter. Consequently, after



Page 8

Television Standards

moving rapidly from position 2 to
position (3), it is ready to trace
scanning line number 3, from posi-
tion (3) to position (4), having
skipped scanning line number 2.
After moving to position (5), it
scans lines 5, 7, 9, and the first half
of 11 in order, having skipped lines
4, 6, 8, and 10.

At the middle of line number 11
(position 12), the spot has reached
the bottom of the screen, and is
returned suddenly to position (13),
at the top, where it completes the
tracing of the eleventh scanning
line. From position (13) to position
(14), the spot moves only halfway
across the screen, and travels down-
ward a distance equal only to its
diameter. Therefore, returning to
the left side of the screen, it ar-
rives in position (15), to begin
scanning line number 2.

From position (15) to position
(16), the spot traces line number 2
and again moves downward a dis-
tance equal to twice its diameter,
8o that returning to position (17),
it is ready to scan line 4. In simi-
lar manner, lines 6, 8, and 10 are
scanned with lines 3, 5, 7, and 9
being skipped. Reaching the end of
line 10, at position (24), the spot is
returned to position (1) in the upper
left-hand corner of the screen, ready
to begin another frame.

In order to trace all of the scan-
ning lines, the spot completes two
vertical cycles of movement. Each
complete scan of either the odd or

the even numbered lines is called
a field, and two fields are required
to complete one frame. This is what
is meant by the wording of stand-
ard “—interlaced two to one.”

In Figure 4, each field contains
5% lines, to make a total of 11
lines for the complete frame and,
regardless of the total number, the
half line is necessary to obtain the
interlaced scanning pattern. There-
fore, to provide the half line rela-
tionship for the fields, there must
be an odd number of lines per frame
such as the 11 illustrated in the
Figure, and the 525 used in actual
practice.

With 525 lines per frame, their
width is considerably less than that
shown in the simplified drawing of
Figure 4. Therefore, the distance
of vertical travel is so slight that
their slant is not apparent. Like-
wise, the darkened triangular areas,
“T,” are too small to be noticed
on an actual television receiver
screen. However, this simplified
sketch serves to illustrate basically
the method of scanning specified.

The choice of 525 scanning lines
per frame, in preference to several
other suggested numbers, is based
on conclusions derived from a great
deal of research. The width of the
communication channel is the most
basic factor affecting picture qual-
ity, and with the video bandwidth
set at 4 mc by standard number 4,
the highest video modulation fre-
quency and therefore the maximum
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number of picture elements is de-
fined.

Choosing the desired number of
lines per frame then consists of
deciding whether there should be
fewer lines, each containing many
elements, or many lines containing
fewer elements. The number of ele-
ments per line determines the de-
gree of image detail or quality in
the horizontal direction while the
number of lines determines the
quality in the vertical direction.
Thus, the question is mainly that
of vertical versus horizontal qual-
ity.

Assuming that it takes one elec-
tric cycle to produce two image
elements, the standard video band-
width of 4 mc allows the transmis-
sion of a theoretical maximum of
8,000,000 elements per second. In
practice, this maximum is about
7,500,000 elements and with 30
frames per second, each may con-
tain a maximum of 7,500,000 < 30
or 250,000 elements. For a square
image, 500 scanning lines with 500
elements in each would give a total
of 500 X500 or 250,000 elements
per frame.

However, since the standardized
television frames are wider than
they are high, there must be fewer
lines than there are elements in
each line in order to provide equal
horizontal and vertical image de-
tail or quality. Thus, on the basis
of equal horizontal and vertical
quality, the required number of

scanning lines should be somewhere
between 400 and 500.

The desired number of lines per
image has been determined also in
a practical manner by Engstrom.
He projected motion pictures
through a multiple-lens system of
embossed celluloid in such a way
that they appeared to have a line
structure similar to that of tele-
vision images. By this method he
found that at least 400 to 500 lines
are required to give the same ap-
parent quality as the original film
projected directly.

A modern television comera. The camera controls
ore shown mounted in slots 1o protect them agoinst
accidenta! changes in setting during operation.

Courtesy Generol Electric Co.

It is interesting to note that the
experimental findings of Engstrom
are in agreement with the theoreti-
cal calculations given above. Both
place the required number of scan-
ning lines roughly between four and
five hundred.

The quality of the image is re-
duced if the individual scanning
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lines are visible to the observer.
The greater the number of lines,
the closer they must be spaced,
and the less the likelihood of them
being seen. Because of the annoy-
ance caused by visible scanning
lines, the required number of lines
is greater than that needed to ob-
tain equal horizontal and vertical
detail. Also, the relative horizontal
and vertical detail in an image may
be varied over rather wide limits
without degrading the picture qual-
ity. Therefore, the preferred total
number of scanning lines is in the
neighborhood of 500, while the rea-
son for an odd number was men-
tioned in the explanation of inter-
laced scanning.

Finally, to simplify the design
of the transmitter synchronizing
circuits, the chosen value should
contain a minimum of odd whole
number factors. The value 525 has
the simple factors of 3 X5 X5 X7,
and meets this requirement.

To summarize, the selection of the
number of scanning lines per frame
has been based upon the factors of
(1) image quality, (2) utilization of
the available bandwidth, and (3) cir-
cuit design limitations.

The horizontal scanning fre-
quency shall be 2/455 times the
chrominance subcarrier fre-
quency ; this corresponds nomi-
nally to 15,750 cycles per sec-

ond (with an actual value of
15,734.264 +0.044 cycles per
second). The vertical scanning
frequency is 2/525 times the
horizontal scanning frequency:
this corresponds nominally to
60 cycles per second (the actual
value is 59.94 cycles per sec-
ond). For monochrome trans-
mission only, the nominal
values of line and field fre-
quencies may be used.

The sweep frequencies for color
television are slightly lower than
those used for monochrome, due to
the method of modulation of the
color signal. Color signals are used
to modulate a low frequency car-
rier while the signals corresponding
to black-and-white modulate the
main carrier. To complete the color
video carrier, the sidebands of the
low frequency carrier modulate the
main carrier, also.

The low carrier frequency has
been selected by tests as 3.579545
mc, and is called the COLOR SUB-
caRRIER. This subcarrier provides
the best color picture with the
greatest compatibility. Also, beat
frequency interference is reduced
between the subcarrier and sound
carrier. To prevent interference be-
tween the sidebands of the main
carrier and the color subcarrier, the
subcarrier frequency must be equal
to a harmonic of the half-line scan-
ning frequency. In this case, it is



Television Standards

Page 11

the 455 harmonic of the half-line
frequency.

Therefore, as stated in this color
standard, the horizontal scanning
frequency must be 2/455 times
3.579545 mc or 15734 cps. Al-
though the color horizontal fre-
quency is slightly lower than the
15750 cps. previously given for the
standard black-and-white transmis-
sion, black-and-white receivers read-
ily operate at this new frequency
without any manual adjustment.

In order to provide interlace
scanning, the vertical sync fre-
quency must be reduced, also. As
indicated in this standard, the ver-
tical scanning frequency is equal
to 2/525 times the horizontal scan-
ning frequency. The black-and-
white receivers readily operate at
this new vertical frequency without
manual adjustments, also.

When a station is transmitting a
standard monochrome signal, the
nominal values (vertical 60 cps,
horizontal 15750 cps) may be used.

Color pictures can be received in
monochrome by black-and-white
receivers and monochrome pictures
are received in black-and-white by
the color receiver. Thus, this system
is completely compatible.

The aspect ratio of the trans-
mitted television picture shall
be 4 units horizontally to 3
units vertically.

The aspect ratio is the ratio of
the width to the height of the pic-
ture. Thus, a picture 6 inches in
height is 4/3 X6, or 8 inches wide.
Though it would be possible to use
almost any shape, the selection of
a rectangular frame simplifies the
design of deflection circuits. Also,
since most scenes contain more
horizontal than vertical motion, it
is most suitable that the picture
area be wider than it is high.

The aspect ratio of 4:3 is in use
in the motion picture film indus-
try, therefore, standard motion pic-
ture film can be transmitted by
television without waste of picture
area. Moreover, this particular
ratio is practically the same as that
which has been found to have par-
ticular artistic merit in the design
of radio cabinets. Therefore, in ad-
dition to its technical advantages,
the width to height ratio of 4:3 is
the one most pleasing to the eye.

During active scanning inter-
vals, the scene shall be scanned
from left to right horizontally
and from top to bottom verti-
cally, at uniform velocities.

Preceding explanations have de-
scribed the movement of the cath-
ode ray beam in conformity with
the specifications of this standard.

Only unidirectional linear scanning
produces an even distribution of
detail, is easy to synchronize, and
makes full use of the video band-
width. All other possible methods,
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To develop the standcrd monachrome synchronizing
voltages, a sync generator of this or similar types
is required in ecch television station.

Courtesy Alien B. Dy Mont Labs. Inc.

such as bi-directional, sinusoidal,
and spiral scanning, are each char-
acterized by a lack of one or more
of these desirable qualities.

PICTURE SIGNAL
MODULATION

The radio frequency signal,

as radiated, shall have an en-
velope as would be produced by
a modulating signal in conform-
ity with Appendix III, Figure 4,
as modified by vestigial side-
band operation specified by
Appendix 111, Figure 3.

The Figure 3 referred to is Figure
1 of this text.

A decrease in initial light in-
tensity shall cause an increase
in radiated power (negative
transmission).

To comply with this standard,
the television system must operate
so that the brighter parts of the
scene cause a reduction in the
transmitter’s radiated output
power, whiie the dark parts of the
scene cause an increase in the radi-
ated power. At the receiver, a re-
duction of incoming signal strength
must result in an increase of screen
brightness, while an increase of in-
coming signal must cause a reduc-
tion in screen brightness. This sys-
tem is called NEGATIVE TRANSMIS-
SION.

So far as the transmission of
video signals is concerned, the op-
posite method, “positive transmis-
sion,”” might be employed, but neg-
ative transmission was selected as
the result of tests of the effects of
“noise”’ voltages on the receiver
screen. Any undesired r-f energy
(such as automobile ignition inter-
ference) adds itself to the signal
from the transmitting station, and
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causes an increase in total signal
strength at the receiver.

With positive transmission, this
increase in signal would cause light
spots, flashes, or streaks on the
screen, but, with negative trans-
mission, the increase in signal re-
sults in dark spots. When the pick-
up of interference voltages cannot
be eliminated, experience has
shown that the resulting dark spots
are hardly noticeable, whereas light
flashes or streaks are decidedly an-
noying.

On the other hand, with posi-
tive transmission, noise voltages
cause much less interference with
the synchronizing signals. How-
ever, with negative transmission,
a very simple and effective auto-
matic gain control circuit may be
incorporated into the receiver, and,
finally, a given transmitter can ra-
diate 30% more power than with
positive transmission. Because the
balance of the advantages lie on
the side of negative transmission,
it has been adopted as standard in
the United States.

The reference black level
shall be represented by a defi-
nite carrier level, independent
of light and shade in the picture.

On the television receiver screen,
it is important that all objects or
areas of any particular light or
shade be reproduced with the same
relative values of light intensity
each time they appear. The inten-

sity of the light produced by the
scanning spot depends upon the
signal voltage applied to the con-
trol grid of the picture tube, there-
fore, a definite level of signal am-
plitude must be established. As the
relative illumination of various
parts of a reproduced image can
be evaluated only by comparison,
the reference level has been set at
that value of signal which “cuts
off” the electron beam.

With the beam cut off, the scan-
ning spot does not illuminate the
screen and thus produces a BLACK
element or area. To cause this con-
dition, the signal output of the
transmitter must rise to the same
definite level each time a black
area is scanned. This is known as
the BLACK LEVEL and must be inde-
pendent of other values of light
and shade in the picture.

The blanking level shall be
transmitted at 75 per cent +2.5
per cent of the peak carrier
level.

The reference black level
shall be separated from the
blanking level by the setup in-
terval, which shall be (7.5 +-2.5)
per cent of the video range from
the blanking level to the refer-
ence white level.

Theamplitudedifference between
the blanking level and the black
level corresponding to black in the
reproduced picture, is known as the
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setup interval. In the monochrome
standard, to provide the maximum
possible amplitude range for the
scale of grays, states that “the
black level shall be made as nearly
equal to the (blanking) pedestal as
the state of the art will permit.”
This implies a setup of zero but this
is difficult to achieve as proved by
monochrome network operation.

The absence of a definite setup,
or black level, makes d-c restoration
relatively ineffective, since these
circuits depend upon a signal which
is under reasonably tight control.
In color receivers d-c restoration is
a must, therefore, the black level
and its tolerances are established in
this standard.

The reference white level of
the luminance signal shall be
12.5+2.5 per cent of the peak
carrier level.

The minimum amplitude level
for maximum white is 10 per cent
12.5+ 2.5 per cent of the carrier
peak amplitude. This limit was put
into effect in most monochrome
stations before this particular
standard was adopted since it pro-
tects the quality of sound reception
in intercarrier receivers.

SOUND SIGNAL
MODULATION
Frequency modulation shall
be used for the television sound
transmission.

Because of the tremendous im-
provement in the signal-to-noise

ratio of FM over AM sound trans-
mission, it has been decided to use
frequency modulation for the tele-
vision sound transmission.

Pre-emphasis shall be em-
ployed in accordance with the
impedance frequency charac-
teristic of a series inductance-
resistance network having a
time constant of 75 micro-
seconds.

In general, the higher frequency
components of speech and music
have less amplitude than the lower
frequencies, but noise voltages in-
crease with frequency. Therefore,
the normal signal-to-noise ratio
would be lower at higher frequen-
cies. To improve this ratio, at the
transmitter the high audio frequen-
cies are over amplified or pre-em-
phasized so their amplitude will
be high compared to that of any
noise voltages picked up by the
receiver. Then, at the receiver, the
high frequencies are attenuated to
their normal level. Since this atten-
uation reduces the noise amplitude
also, an improved signal-to-noise
ratio is obtained.

SYNCHRONIZING SIGNALS

A carrier shall be modulated
within a single television chan-
nel for both picture and syn-
chronizing signals. For mono-
chrome transmission, the two
signals comprise different mod-
ulation ranges in amplitude, in
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accordance with the charts
designated as Appendix III,
Figures 3 and 4 (b).

The “Figures 3 and 4’ referred
to in the official wording of this
standard is shown here as Figures

the receiver video amplifier stages
which follow the video 2nd detector.

As shown in Figure 5, in addition
to the picture signals, the video
carrier is modulated by the syn-
chronizing signals and this standard
specifies that the synchronizing sig-

A view of o TV control studio. The cudio console and turn tables are shown ot the left ond the
progrom director’s console and comera control units are shown ot the right.

Courtesy RCA Victor

1 and 5, respectively. Including the
PICTURE SIGNAL, BLANKING PULSES,
and SYNCHRONIZING PULSES: this is
the wave-form of the complete
video signal which modulates the
video carrier at the transmitter.
Neglecting any distortion, this
same wave-form is reproduced in

nals must differ from the picture
signals in amplitude. This arrange-
ment makes it possible for the re-
ceiver to separate the synchronizing
and picture signals and pass them
on to the proper circuits. The exact
nature of the synchronizing signal
is specified in a later standard.
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Starting at the left, the curves
of Figure 5 represent a few lines
at the end of one field, the vertical
retrace time, and a few lines at the
beginning of the next field. The
larger central portion of the curves
represent the video wave-form dur-
ing the time that the electron beam
is returning from the bottom to the
top of the screen. This is the por-
tion labeled VERTICAL BLANKING
PULSE in Figure 5A and, although
not labeled, it occupies a similar
portion of Figure 5B.

The vertical blanking pulse of
the signal is really a relatively long,
rectangular or “square” pulse, on
top of which are superimposed
the various shaped synchronizing
pulses. Though only a few lines
are shown preceding and following
the vertical blanking pulses, actu-
ally there are approximately 240
of them in each field.

Occurring during the line scan-
ning periods, the picture signal is
shown between the HORIZONTAL
BLANKING PULSES at each side of
the drawing. The horizontal blank-
ing pulses occur during the hori-
zontal retrace movement of the
beam to reduce the spot brilliance
to the black level so that the re-
trace lines are not seen on the
screen. The narrow horizontal syn-
chronizing pulses which control the
frequency of the horizontal deflec-
tion generator are superimposed on
top of these blanking pulses.

Insofar as the curves are con-
cerned, each of the scanning line
periods is about the same, there-
fore only a few are shown. To in-
clude all 240 or so of a complete
field would require either a very
long sheet of paper, or a curve such
as Figure 6A in which the line peri-
ods are squeezed together so closely
that they cannot be distinguished.

In Figure 6A, the curve between
points a and b represents the pic-
ture signals, horizontal blanking
and synchronizing signals for all
the lines of one field, while the part
between points b and ¢ represents
the period during which the beam
returns from the bottom to the
top of the picture. Compared with
Figure 5A, section b to ¢ of Figure
6A represents the vertical blanking
pulse and shows its relationship to
the total time (a to c¢) of one field.

In Figure 5, the curves represent
the amplitude variations of the
video carrier with time. With a
rise in signal amplitude, the control
grid of the receiver picture tube
swings negative, decreasing the in-
tensity of the beam and reducing
the light on the screen. Therefore,
the lowest signal amplitude, indi-
cated as MAXIMUM WHITE in the
figure, causes the receiver screen
to be brightest. As the signal in-
creases, the screen becomes darker
until, at the amplitude labeled
BLACK LEVEL, it is totally dark.
Then, so far as the eye is concerned,
any further increase in signal am-
plitude has no effect on the screen.
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The synchronizing pulses have
amplitudes greater than that of
the black level, and rise to what is
called the ULTRA BLACK or BLACK-
ER-THAN-BLACK region. Since they
occur during the horizontal and
vertical blanking periods only, at
which time the cathode ray beam
is cut off, they have no effect on
the image and need not be filtered
from the video signal applied to
the picture tube.

However, it is important to pre-
vent the blanking and picture sig-
nals from affecting the deflection
circuits and, to make their separa-
tion possible, the synchronizing
pulses have greater amplitude than
the remainder of the complete video
signal.

The curve of Figure 6A repre-
sents the video signal during the
period of two fields, or one complete
frame, while the curve of Figure
6B represents the sawtooth current
in the vertical deflection coils. This
current causes the spot to move
at uniform speed from the top to
the bottom of the screen and then
fly back to the top, repeating the
cycle 60 times per second.

Near the end of the vertical
blanking interval, the sawtooth al-
ternating current reaches its maxi-
mum negative value, indicated at
point 1, to move the scanning spot
to the top of the screen. Then, at
a steady rate, the current reduces
to zero, reverses and increases to
maximum positive, indicated at

point 2, near the start of the verti-
cal blanking interval. As indicated
by the straight portion of the curve
between points 1 and 2, this overall
change of current causes the scan-
ning spot to move at a uniform
speed from the top to the bottom
of the screen.

During the vertical blanking in-
terval, between curve points 2 and
3, the current changes rapidly from
maximum positive to maximum
negative causing the scanning spot
to return rapidly to the top of the
screen. After point 3, which cor-
responds to point 1, the cycle is
repeated through points 4 and 5.
The rapid return or “flyback” of
the scanning spot always occurs

- during the vertical blanking inter-

val when the picture tube control
grid is biased to beam cutoff.

The portion of the curve between
points Y-Y of Figure 6A is ex-
panded in Figure 6C to show the
details of several horizontal sweep
cycles with part of the vertical
blanking pulses. Drawn to the same
scale, the curve of Figure 6D repre-
sents the sawtooth current in the
horizontal deflection coils. Except
for the difference in frequency the
horizontal and vertical sawtooth
currents are essentially the same.

Referring to the curve of Figure
6D, the uniform change of current
between points 1 and 2 causes the
scanning spot to move at a steady
speed from the left to the right side
of the screen. During this interval
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The monoscope is used by many stations to transmit

o test pottern. The comero tube hos the desired

pattern etched on the photo cathode. Thus, the
signal source is contained with the unit.

Courtesy Polarod Electronics Corp.

the picture signal is applied to the
picture tube control grid and the
image elements of one horizontal
line are reproduced on the screen.

During the horizontal blanking
pulse interval, between points 2
and 3 on the curve, the sawtooth
current changes rapidly from maxi-
mum positive to maximum nega-
tive thereby causing the scanning
spot to flyback to the left side of
the screen. During this interval the
picture tube control grid is biased
to beam cutoff. Therefore, the scan-
ning spot is not visible.

Applied to the horizontal sweep
generator, the horizontal sync
pulses cause the flyback portion of
the sawtooth current to begin at
the instant the wave front of each
sync pulse arrives. Since a blank-
ing pulse precedes each sync pulse,
the scanning spot is extinguished a
short instant before the sawtooth
flyback, thereby preventing any
part of the return traces being
visible.

Similar conditions are true in
the case of the vertical blanking
and sync pulses with the flyback of
the vertical sawtooth current oc-
curring at the end of the SERRATED
VERTICAL SYNC PULSE, point X in
Figure 6C, sometime after the ver-
tical blanking pulse has darkened
the screen.

During the vertical retrace inter-
val, the horizontal sawtooth gen-
erator is kept in constant synchro-
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nism by the wave fronts of the ser-
rated vertical sync pulse as shown
by cycles labeled m to s of Figure
6D. Although, for this purpose, the
equalizing pulses serve as horizontal
synchronizing pulses, their primary
function is to help maintain a prop-
erly interlaced scanning pattern, an
action which will be taken up later
in the detailed explanations of the
receiver synchronizing circuits.

The actions represented by the
curves of Figure 6 are combined in
the drawing of Figure 7, to show
the path of the scanning spot on
the picture tube screen during the
interval between points a and z on
the curve of Figure 5B. In Figure
7, the solid lines represent the “ac-
tive” periods when the picture sig-
nal is modulating the light inten-
sity of the scanning spot, and the
dashed lines represent the flyback
or retrace periods when either the
horizontal or vertical blanking
pulses have extinguished the spot.

Starting at point a, near the
lower left-hand corner of Figure 7,
the scanning spot moves to point
b. The modulating picture voltage,
applied to the picture tube control
grid during this period is designated
as “picture” by small arrows in
Figure 5A. At point b of Figure 7,
the horizontal blanking pulse ex-
tinguishes the spot and, an instant
later, at point c, the horizontal sync
pulse initiates the flyback portion
of the horizontal sawtooth current.

During flyback, the invisible spot
moves to point d, Figure 7, after
which it again begins to travel to
the right. At point e, the horizontal
blanking voltage is removed, the
spot becomes visible and again its
intensity is varied by the picture
modulation applied to the control
grid of the tube.

In the same manner as explained
above, the spot moves across the
screen to point f, back to point g,
and to the right to point h. Here,
the vertical blanking pulse makes
the spot invisible but it continues
to the right to point i. Although
not shown in the simplified drawing
of Figure 7, several horizontal
traces occur between pointsiand j,
during which time the control grid
is held at beam cutoff potential by
the blanking pulse.

At point j, the vertical sync pulse
initiates the flyback portion of the
vertical sawtooth current and the
beam starts up toward the top of
the screen. Due to the continued
application of the horizontal de-
flection current, the frequency of
which is much higher than that of
the vertical deflection current, the
beam is swept back and forth
across the screen several times while
it is moving from the bottom to
the top.

For simplicity, part of the hori-
zontal cycles have been omitted
in Figure 5B where the blanking
level is shown with a break between
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two horizontal pulses points. These
invisible horizontal sweeps which
occur during the interval of the
vertical blanking pulse are known
as “inactive” scanning lines. In
practice there are about 20 inactive
lines in each field or 20 X2 =40 in
each frame so that, in a standard
raster there are approximately
525-—40 =485 active or useful lines.

Point 0, Figure 7, corresponds to
point 3 on the curve of Figure 6B.
Therefore the vertical motion of
the invisible beam reverses and it
starts down the screen through
points p and q to r. Here, the verti-
cal blanking voltage is removed,
the scanning spot becomes visible
and with the picture signal applied
to the control grid, it traces one
half of an active line between points
r and s. At point s, the spot is ex-
tinguished by the horizontal blank-
ing pulse but continues to point t
where its direction is reversed by
the horizontal sync pulse.

Following the indicated path,
there is a horizontal flyback to
point u, an ‘‘active’”’ scanning
sweep to point v, flyback to w, and
so on through points x and y to z.

Here, at point z, the spot is trac-
ing the third line of the second
field and, after completing this field
and all but three lines of the one
following, will be at point a on the
third line from the bottom, as at
the beginning of this explanation.

Except for the omitted horizon-
tal sweep cycles, the curves of Fig-
ures 5A and 5B represent the two
fields of one complete frame. In the
simplified sketch of Figure 4, the
field containing lines 1, 3, 5, etc.,
corresponds to that of Figure 5A,
while the field containing lines 2,
4, 6, etc., corresponds to that of
Figure 5B which has been explained
with the aid of Figure 7. Therefore,
for a similar explanation of Figure
5A, a drawing like that of Figure 7
would have to be modified only to
the extent of shifting the vertical
blanking pulse to extend from the
end of the last active scanning line
at the bottom to the beginning of
the first active scanning line at the
top of the raster.

The following six standards ap-
ply to details of the synchronizing
waveform, the ratings of the trans-
mitter, and the frequency devia-
tion of the FM sound carrier. Their
fulfillment is a matter of transmit-
ter design and their purpose is to
obtain uniformity of operation with
a minimum of deviation of the
synchronizing signals.

The time interval between
leading edges of successive
horizontal pulses shall vary less
than one-half of 1 per cent of
the average interval.

The rate of change of the
frequency of recurrence of the
leading edges of the horizontal
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synchronizing signals shall not
be greater than 0.15 per cent
per second, the frequency to be
determined by an averaging
process carried out over a period
of not less than 20, nor more

than 100 lines, such lines not

to include any portion of the
blanking interval.

TRANSMITTER RATINGS

The picture transmitter shall
be rated in terms of its peak
power when transmitting a
standard television signal.

A radiated power of the aural
transmitter not less than 50 per
cent nor more than 70 per cent
of the peak radiated power of
the video transmitter shall be
employed.

The aural transmitter shall
operate satisfactorily with a fre-
quency swing of +25 kilocycles,
which is considered 100 per
cent modulation.

The signals radiated shall
have horizontal polarization.

Radio waves are generally con-
sidered to be made up of electric
and magnetic components, which
exist at right angles to each other.
By agreement, the position of the
electric component is taken to be
the position of “polarization” of
the whole wave. Thus, a radio wave

in which the electric component is
in a horizontal direction, is said to
be HORIZONTALLY POLARIZED. This
is the type used in commercial FM
radio broadcasting, while commer-
cial AM radio broadcasting em-
ploys vertically polarized waves.

The rectangular type CRT is designed ta repraduce
a picture with the standard aspect ratio of 4 to 3
without wasting screen space.

Courtesy Raytheon Mfg. Co.

Receiver antennas have maxi-
mum pickup when their polariza-
tion is the same as that of the sig-
nals they are to receive, and it is
difficult to design a receiving an-
tenna that can be changed easily
from one plane of polarization to
another. Therefore, it was impera-
tive that either vertical or horizon-
tal polarization be decided upon as
standard so that all transmitting
and receiving antennas can be posi-
tioned alike.

Since most of the advantages
lie with HORIZONTAL POLARIZATION,
it is the method selected for com-
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mercial television broadcasting in
the United States.

The field strength or voltage
of the lower sideband, as radi-
ated or dissipated and measured
as described in subparagraph
(4) of this paragraph, shall not
be greater than —20 db for a
modulating frequency of 1.25
mc or greater and in addition,
for color, shall not be greater
than —42 db for a modulating
frequency of 3.579545 mec (the
color subcarrier frequency). For
both monochrome and -color,
the field strength or voltage of
the upper sideband as radi-
ated or dissipated and measured
as described in subparagraph
(4) of this paragraph shall not
be greater than —20 db for a
modulating frequency of 4.75
mc or greater.

(4) The attenuation charac-
teristics of a visual transmitter
shall be measured by application
of a modulating signal to the
transmitter input terminals in
place of the normal composite
television video signal. The sig-
nal applied shall be a composite
signal composed of a synchro-
nizing signal to establish peak
output voltage plus a variable
frequency sine wave voltage

occupying the interval between
synchronizing pulses. The axis
of the sine wave in the com-
posite signal observed in the
output monitor shall be main-
tained at an amplitude 0.5 of
the voltage at synchronizing
peaks. The amplitude of the
sine wave input shall be held at
a constant value. This constant
value should be such that at no
modulating frequency does the
maximum excursion of the sine
wave, observed in the com-
posite output signal monitor,
exceed the value 0.75 of peak
output voltage. The amplitude
of the 200 kilocycle sideband
shall be measured and desig-
nated zero db as a basis for
comparison. The modulation
signal frequency shall then be
varied over the desired range
and the field strength or signal
voltage of the corresponding
sidebands measured. As an al-
ternate method of measuring,
in those cases in which the
automatic d-c insertion can be
replaced by manual control, the
above characteristic may be
taken by the use of a video
sweep generator and without
the use of pedestal synchroniz-
ing pulses. The d-c level shall
be set for midcharacteristic
operation.
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For monochrome transmis-
sion only, the over-all attenu-
ation characteristics of the
transmitter, measured in the
antenna transmission line after
the vestigial sideband filter (if
used), shall not be greater than
the following amounts below
the ideal demodulated curve.
(See Appendix III, Figure 7.)

2db at 0.5 mc
2 db at 1.25 mc
3dbat 2.0 mc
6 db at 3.0 mc
12 db at 3.5 mc

The curve shall be substantially
smooth between these specified
points, exclusive of the region
from 0.75 to 1.25 mc.

The Figure 7 referred to is Figure
9B of this text.

The peak-to-peak variation
of transmitter output within one
frame of video signal due to all
causes, including hum, noise,
and low-frequency response,
measured at both scanning syn-
chronizing peak and blanking
level, shall not exceed 5 percent
of the average scanning syn-
chronizing peak signal ampli-
tude.

An earlier standard specifies that
the synchronizing signals must
differ from the picture signal in

amplitude. This difference in am-
plitude makes it possible for the
television receiver to separate the
synchronizing and picture signals
and apply them to the proper cir-
cuits.

To comply with the above stand-
ard, the peak voltage of the signal,
hum, noise, etc. should not exceed
the average amplitude of the sync
pulses. When signal or noise vol-
tages are allowed to exceed the
average amplitude of the sync pulses
improper synchronization occurs in
the receiver. However, proper syn-
chronization between the transmit-
ter and receiver is maintained when
the average amplitude of the signal
and noise voltages do not exceed
the sync pulse average amplitude
for one frame.

For monochrome transmis-
sion, the transmitter output
shall vary in substantially in-
verse logarithmic relation to the
brightness of the subject. No
tolerances are set at this time.

The light output of the picture
tube does not vary linearly with the
electric input. To properly repro-
duce black and white tone grada-
tions in the picture, it is necessary
to make allowances for the non-
linearity of the light-control char-
acteristic of the picture tube. The
correction is made by employing
compensating non-linear devices
called GAMMA-CORRECTING AMPLI-
FIERS.
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Normally, the picture tube light-
control characteristic approximates
a power law. The light output
varies at something between the
square and the cube of the applied
video signal voltage. Therefore,
GAMMA CORRECTION requires that
the output from the amplifier should
vary at something between the
square and cube root of the light
input to the camera. Gamma cor-
rected signals produce an excellent
black-and-white picture on the re-
ceiver screen.

The last three standards are sub-
Jject to change, but are considered
the best practice under the present
state of the art. They will not be
enforced pending further determi-
nation of transmission.

COLOR STANDARDS

As mentioned earlier, the NTSC
standards for color transmission
have been proposed to and adopted
by the FCC. The signals trans-
mitted by this system can be re-
ceived by existing white-and-black
receivers. Also, black-and-white
telecasts may be received by the
color receiver. Therefore, this sys-
tem is completely compatible.

The color picture carrier consists
of two signals, the monochrome, or
black-and-white signal, and the
color signals. Although two signals
are required in the color system,
the monochrome signal is the same
in both the NTSC and black-and-
white system. Hence, most of the

monochrome standards are required
for color transmission. Therefore,
the standards that follow are either
changes or added requirements
needed for color transmission.

A carrier shall be modulated
within a single television chan-
nel for both picture and syn-
chronizing signals. For color
transmission the two signals
comprise different modulation
ranges in amplitude except
where the chrominance pene-
trates the synchronizing region
and the burst penetrates the
picture region, in accordance
with the charts designated as
Appendix III, Figures 3 and
4(a).

The Figures 3 and 4(a) referred
to are Figures 1 and 8 of this text.

The color burst is located on the
blanking pulse as illustrated in Fig-
ure 8C. These portions of the burst
below the blanking level causes
brightness of the screen but under
ordinary viewing conditions it is not
noticeable. Since this brightening
of the screen occurs during hori-
zontal retrace which is ten times as
great as the active scan, in effect it
is reduced by a factor of ten.

The portion of the color burst
extending below the blanking level
is not great, only about 10 percent
of the peak signal amplitude. Due
to the setup interval described in
these standards, a portion of its am-
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plitude is blanked out and only
about 8 percent occurs in the range
reserved for the gray scale. Finally,
the picture tube characteristics
compress the darkest grays. The
net brightness is a small fraction of
one percent of the peak brightness

is very narrow and thus accepts
very little of the picture signal.
That is, when any of the chromi-
nance signal enters the sync system,
these circuits treat it like noise and
prevent it from affecting sync tim-
ing.

Mobile equipment mounted in o special truck permits ''on the scene” monitoring of sports events,
news events, efc.

and, therefore, is undetectable for
all practicable purposes.

Where the chrominance signal
penetrates the sync pulse region, no
harmful effects occur. In the re-
ceiver, the sync channel bandwidth

Courtesy Radio Corporation of America

The chrominance signals which
extend above the blanking level
have no effects on the picture, since
they extend into the infrablack
region. Also, any signals which ex-
tend too far into the white region
are clipped, or cut off.
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The radio frequency signal,
as radiated, shall have an en-
velope as would be produced by
a modulating signal in conform-
ity with Appendix III, Figure
4 (a) or (b), as modified by
vestigial sideband operations
specified by Appendix III, Fig-
ure 3.

The ‘“Figures 4 (a) or (b)” re-
ferred to in this standard are shown
as Figures 8 and 5 and “Figure 3”
is that of Figure 1. Figure 8A shows
the picture signal, vertical, equaliz-
ing, and horizontal pulses with the
color bursts on the trailing edge of
the horizontal blanking pulse. The
bursts are omitted during mono-
chrome transmission. Therefore,
with the exception of the color
bursts, this signal is the same as
the monochrome signal previously
described and shown in Figure 5.

The Figure 8A wave-form repre-
sents the last few lines of a field,
the vertical retrace time, and the
first few lines of the next field. At
the end of this second field, the
wave-form will look like the one
shown in Figure 5B. However, the
color burst appears after the hori-
zontal sync pulses for color trans-
mission.

As shown in Figures 8A and 8B,
the color bursts follow the hori-
zontal sync pulses and are omitted
during the equalizing and vertical
pulse time. Figure 8B shows the
color bursts are shown located on

the back porch of the blanking
pulse. Figure 8C shows an enlarged
view of the horizontal sync pulse,
blanking pulse, and the color burst.

This color burst, or sync signal,
is transmitted at the frequency of
the horizontal sync pulses. The
burst consists of approximately 9
cycles of the subcarrier frequency.
This burst frequency synchronizes
the color oscillator in the receiver
to that of the subcarrier oscillator
in the transmitter. Thus, the re-
ceived colors are reproduced in step
with those transmitted.

The frequency of the horizontal
sync pulses and the color burst is
2/455 times the subcarrier fre-
quency.

In Figure 8A, the dimension P
represents the peak-to-peak excur-
sion of the luminance signal, but
does not include the chrominance
signal. The dimension S is the am-
plitude of the horizontal sync pulse.
The peak-to-peak amplitude of the
burst frequency equals .9 to 1.1
times the sync pulse amplitude, as
shown in Figure 8C. Dimension C
is the maximum amplitude of the
complete color signal.

The field strength measured
at any frequency beyond the
limits of the assigned channel
shall be at least 60 decibels
below the peak picture level.

This standard specifies that am-
plitude of any frequencies trans-
mitted beyond the limits of the
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assigned channel, as illustrated in
Figure 9, should be low to prevent
interference in adjacent channels.

COLOR PICTURE
MODULATION

The color picture signal shall
correspond to a luminance
(brightness) component trans-
mitted as amplitude modulation
of the picture carrier and a
simultaneous pair of chromi-
nance (color) components
transmitted as the amplitude
modulation sidebands of a pair
of suppressed subcarriers in
quadrature.

The chrominance subcarrier
frequency shall be 3.579545 mc
+10 cycles per second with a
maximum rate of change not to
exceed 1/10 cycle per second
per second.

The color picture signal consists
of black-and-white elements which
determine the brightness and the
color components transmitted si-
multaneously. As in standard black-
and-white transmission, the mono-
chrome in the color signal covers a
frequency range of 5.25 mc. The
chrominance signal covers a fre-
quency range of 2.1 mc. This chan-
nel arrangement is illustrated in
Figure 9A.

Asshown in this Figure, the mono-
chrome and color signals are trans-

mitted in a 6 mc channel. To pre-
vent interaction between the black-
and-white and the color carriers, a
method is used by which the signals
are combined without interference.
This method, known as frequency-
interlace, permits the two signals
to be combined and transmitted
simultaneously.

Extensive field testing with color
receivers indicated that a low sub-
carrier frequency produced better
color pictures with greater stability.
The subcarrier frequencies selected
for test were 3.898125 mc, 3.740625
mc, and 3.583125 mc. The lowest of
these subcarrier frequencies pro-
duced the best color pictures.

Also, a large number of compati-
bility tests were made to select the
subcarrier which provided best
black-and-white receiver perform-
ance. Since the lowest subcarrier
provides the best color picture, the
frequency was shifted to 3.579545
mc which produced the greatest
compatibility.

In some black-and-white re-
ceivers, a beat between the color
subcarrier and the sound carrier
(4.5 mc) appeared as a series of
wavy lines on the screen. This
effect was improved by the slight
decrease in the subcarrier frequency
and applying the frequency-inter-
lace method of modulation.

Frequency-interlace permits the
monochrome and the color signals
to be transmitted in a 6 mc channel
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without interference. It is fortunate
that the monochrome sidebands do
not completely fill the 5.25 mc
band. Instead the sidebands are
bunched in evenly spaced groups
above and below the picture carrier.

This spacing of sidebands is illus-
trated in Figure 10. As each vertical
element is scanned, such as A in
Figure 104, it is crossed at the line
frequency. Scanning line 102 crosses
A 1/15,734 of a second later than

A color television receiver. Standardization of the
television signal permits this receiver to reproduce
pictures in either color or monochrome.

Courtesy Columbia Broadcasting System, Inc.

line 101. In the same manner lines
103, 104, etc. cross element A at
1/15,734 of a second intervals. As
a result the video frequencies re-
lated to element A are at the funda-
mental or harmonic of the scanning
frequency.

When a tilted element is scanned,
such as line B in Figure 10A, each

successive horizontal scan crosses
it slightly sooner. Therefore, the
video signal contains slightly higher
frequencies than those of line A.
On the other hand line C is tilted
in the opposite direction and lower
video frequencies are developed.

Hence,the sidebands transmitted
by the monochrome signal occur in
bunches in the manner shown in
Figure 10B. Frequency-interlace
uses the space left between the
monochrome sidebands.

This interlace is accomplished by
modulating the 3.579545 mc sub-
carrier with color signals and then
modulating the monochrome car-
rier with the color sidebands. Since
the subcarrier frequency is the 455
harmonic of the half-line frequency
(7867 cps), the subcarrier and its
sidebands fall midway between the
monochrome sidebands as shown in
Figure 10C. Therefore, much more
information is transmitted in the
6 mc channel without one appreci-
ably affecting the other.

A sine wave, introduced at
those terminals of the trans-
mitter which are normally fed
the color picture signal, shall
produce a radiated signal hav-
ing an envelope delay, relative
to the average envelope delay
between 0.05 and 0.20 mc, of
zero microseconds up to a fre-
quency of 3.0 mc; and then
linearly decreasing to 4.18 mc
so as to be equal to -0.17 usec
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at 3.58 mc. The tolerance on
the envelope delay shall be
+0.05.sec at 3.58 mc. The toler-
ance shall increase linearly to
+0.1 usec, down to 2.1 mc, and
remain at +0.1.sec down to
0.2 mc. The tolerance shall also
increase linearly to +0.1.sec
at 4.18 mc.

To comply with this standard,
the color transmitter system must
operate so that the color signals are
not shifted with respect to the aver-
age envelope delay between .05 and
.2 mc. Should these color frequen-
cies be delayed in time, the repro-
duced colors on the receiver screen
are shifted from their correct posi-
tion. However, the higher color fre-
quencies are allowed some time
delay. These higher frequencies
represent the small color detail
which is not easily detected by
the eye.

COLOR SIGNAL

The color picture signal has
the following composition:

E.=E,/+(Eq’ sin (wt+33°)+E/’
cos (wt+33°)] where,

E'q=0.41(Ep’-Ey’)+0.48(Er'-Ey’),

Er'=-0.27(Ex"-Ey’)+0.74(Er’-Ey’),

Ey’'=0.30Ez’+0.59E;’+0.11 Ep’,

The phase reference in the E.
equation is the phase of the (color
burst +180°). The burst corre-

sponds to amplitude modulation of
a continuous sine wave.

For color-difference fre-
quencies below 500 kc the sig-
nal can be represented by:

) 1 r1 Sl
E.=E, +;m[r78(EB -E,’) sin

wt+(Ex'-Ey’) cos ot. ] &

The symbols in these expressions
have the following significance:

(a) E, is the total video voltage, cor-
responding to the scanning of a particular
picture element, applied to the modula-
tor of the picture transmitter.

(b) E,’ is the gamma-corrected voltage
of the monochrome (black-and-white)
portion of the color picture signal, cor-
responding to the given picture element.

(c) Er’, Eg’, and Ep’ are the gamma-
corrected voltages corresponding to red,
green, and blue signals during the scan-
ning of the given picture element.

(d) Eq’ and E1’ are the amplitudes of
two orthogonal components of the
chrominance signal corresponding re-
spectively to narrow-band and wide-band
axes.

(e) The angular frequency w is 2w
times the frequency of the chrominance
subcarrier, and t is the time.

(f) The portion of each expression
between brackets represents the chromi-
nance subcarrier signal which carries the
chrominance information.

In the color signal, Eq’ and E,’
are products of the color-difference
frequencies. The color-difference
system is used because less color
distortion (color fringes on picture
elements) is produced.

The block diagram of Figure 11
illustrates the operation of the color-
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The television transmitting antenna is horizontally
polorized to comply with the television stondards.

Courtesy Rodio Corporation of Americo

difference system. Picked up by the
camera, the various color signals
are applied to the attenuation mat-
rix. The attenuation pads in the
matrix are set to the specified gain
to provide the color signals E; and
E, as well as a monochrome sig-
nal E,.

After passing through a low pass
filter, the E, signal is applied di-
rectly to amplifiers in the video
transmitter. However, the color sig-
nals do not modulate the trans-
mitter directly. Instead, the Eq and
E; signals modulate subcarriers and
the resulting sidebands are com-
bined and used to modulate the
transmitter.

The gamma-corrected volt-
ages E;/, E;/, and E;’ are suit-
able for a color picture tube
having primary colors with the
following chromaticities in the
CIE system of specification:

X y
Red (R) 0.67 0.33
Green (G) 0.21 0.71
Blue (B) 0.14 0.08

and having a transfer gradient
(gamma exponent) of 2.2 asso-
ciated with each primary color.
The voltages E:’, Ei/, and Ep’
may be respectively of the form
E:'/7 Eg'/+, and Es'/~ although
other forms may be used with
advances in the state of the art.
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The red, blue, and green color
values referred to in the preceding
standard are taken from the chart
shown in Figure 12. This chart is
based on the “super-saturated” col-
ors chosen as standard primaries by
the International Committee on
Illumination (CIE).

COKTROL UNIT
T

mixing fractions. All mixing frac-
tions must be positive to reproduce
a real color. Therefore, any color
plots as one point in this diagram;
the location of this point specifies
the chromaticity of the color.

In Figure 12, the most saturated
colors occurring in nature are repre-

POWIR SureLY

vOwER SupRlY |y o

L2

Semi-portable television equipment designed to reloy the program to the main studios on o
2000 mc chaonnel.

With axes at right angles, the
CIE super-green or y primary is
plotted against those of super-crim-
son or x primary. Divided into
values less than unity or 1, the
points on the x and y axes are called

Courtesy General Electric Co.

sented by the horse-shoe shaped
curve. The points along the curve
represent the wavelengths of the
colors located in the light spec-
trum. The open end of the curve is
closed by non-spectral purples.
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The color points, indicated by
G, B, and R, have been chosen as
standard reproducer primaries by
the National Television System
Committee. The selected white
point at C represents CIE Illumi-
nant C.

Any color which is representable
by a point within the triangle GRB,
Figure 12, is reproduceable by a
mixture of these primaries in the
NTSC system.

In the color transmission system,
to obtain the desired picture on the
screen, the chromaticity signals re-
quire gamma correction. The volt-
ages Egr’, E¢’, and Ep’ in the ex-
pressions of the above specifica-
tions refer to the gamma-corrected
signals.

In the cathode ray tube, the
light-control characteristics are
quite non-linear. To correct for the
non-linear characteristics of the
CRT, gamma-corrected signals are
transmitted. The NTSC signal
specification makes such allowance
by requiring compensating non-
linear devices, or gamma-correcting
amplifiers.

Usually, the CRT light-control
characteristics approximate a power
law. Light output varies between
the square and the cube of the
applied video signal voltage. There-
fore, gamma correction requires the
signal output of each gamma am-
plifier to vary between the square
and the cube root of the light input
to the camera that feeds it.

The over-all result is that the
color CRT light output varies line-
arly with the corresponding color
camera light input. The NTSC sig-
nal specifications assume a 2.2
(gamma exponent) power CRT con-
trol law and thus, require a gamma
compensator which combines with
the camera to provide the required
response. The gain settings given in
the attenuator matrix of Figure 11
apply with the gamma compensa-
tion in place.

The radiated chrominance
subcarrier shall vanish on the
reference white of the scene.

The numerical values of the
signal specifications assume
that this condition will be
produced as CIE Illuminant
C(x=0.310, y=0.316).

The point C shown in Figure 12
corresponds to white in the CIE
system. When the light and shade
in the scene is so proportioned that
the result is illuminant C, only
monochrome signals are contained
in the transmitted carrier. '

E,, E)/, E/ and the com-
ponents of these signals shall
match each other in time to
0.05 usec.

To comply with this standard,
the two modulated color subcar-
riers and the monochrome signal
must retain the same time relations
in the various stages of transmis-
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sion. That is, the combined output
of the modulators shall remain iden-
tical to the corresponding ones at
the input terminals. Only then are
the signals recovered in the receiver
accurate and independent repro-
ductions of the original signals.

COLOR TV CHANNEL

A sine wave of 3.58 mc intro-
duced at those terminals of the
transmitter which are normally
fed the composite color picture
signal shall produce a radiated
signal having an amplitude (as
measured with a diode on the
r-f transmission line supplying
power to the antenna) which is
down 6 +2 db with respect to a
signal produced by a sine wave
of 200 kc. In addition, the am-
plitude of the radiated signal
shall not vary by more than
+2 db between the modulating
frequencies of 2.1 and 4.18 mc.

At the transmitter, the 3.58 mc
and 200 kc sine waves are fed to the
color and monochrome input termi-
nals, respectively, and thus modu-
late the main carrier. The ampli-
tude of the sidebands produced by
the 3.58 mc sine wave is down 6 db
with respect to the 200 kc side-
bands. In addition, the sidebands
produced by signals fed to the color
terminals should not vary by more
than +2 db between the frequen-

cies of 2.1 and 4.18 mc. Therefore,
as indicated by the shaded area in
Figure 9, the color sidebands have
a flat response over a frequency
range of about 2.08 mec.
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Microwave equipment {front view, door open) for
920 to 960 mc fixed point-to-point relay appli-
cation,

Courtesy General Electric Co.

The equivalent bandwidths
assigned prior to modulation
to the color-difference signals
E," and E/ are as follows:

Q—Channel Bandwidth
at 400 kc less than 2 db down
at 500 kc less than 6 db down
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at 600 ke at least 6 db down

I—Channel Bandwidth
at 1.3 mc less than 2 db down
at 3.6 mc at least 20 db down

The eye cannot see color in small
detail and this property of vision is
used to advantage in the color tele-
vision system. As pointed out be-
fore, the picture detail in the hori-
zontal direction is determined by

A parabolic antenna of the type used in microwave
opplications.

Courtesy Workshop Associates,
Div. of The Gabriel Co.

the frequency. The higher frequen-
cies reproduce the small detail.

Since the eye cannot determine
the color of small picture detail, a
high frequency chromaticity signal
is not necessary. Referring to Fig-
ure 11, low-pass filters placed be-

tween the attenuator matrix and
the modulator block pass only the
frequencies required to reproduce a
good color picture.

As indicated in Figure 11, the
frequencies up to .6 mc or 600 kc of
the E, color signal are passed to
the sine modulator. From the mod-
ulator, only the sidebands between
3 and 4.2 mc are passed by the
band-pass filter and applied to the
transmitter. The Eg sidebands
modulate the main carrier and are
shown as the cross-hatched curve
in Figure 9.

In like manner, the E; color sig-
nal frequencies from 0 to 1.5 mc
modulate the color subcarrier in
Figure 11. From the cos modulator,
the E; sidebands between 2 and
4.2 mc are carried by the band-
pass filter to the transmitter. These
color sidebands modulate the main
carrier and are shown by the shaded
area between 2 and 4.2 mc in
Figure 9A.

As illustrated in Figure 9A, with
3.58 mc subcarrier, the two signals
can be transmitted in quadrature
phase shift (90°) without crosstalk
up to a frequency of .6 mc. Beyond
thisfrequency, thesinglesideband
causes the carrier phase to shift.
With two such single sidebands in
quadrature, this phase shift intro-
duces spurious signals into each
color channel from the other. These
spurious signals appear as incorrect
color on the edge of objects. In
order to prevent this crosstalk be-
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tween the two color signals, one of
the signals is limited to .6 mec.

The angles of the subcarrier
measured with respect to the
burst phase, when reproducing
saturated primaries and their
complements at 75 percent of
full amplitude, shall be within
+10° and their amplitudes shall
be within +20 percent of the
values specified above. The
ratios of the measured ampli-
tudes of the subcarrier to the
luminance signal for the same
saturated primaries and their
complements shall fall between
the limits of 0.8 and 1.2 of the
values specified for their ratios.
Closer tolerances may prove to
be practicable and desirable
with advances in the art.

This standard gives the toler-
ances on the sub-carrier phase and
amplitude. Under the load condi-
tion of transmitting saturated pri-
mary and complementary colors at
75 percent amplitude, the phase is
allowed to vary + 10 degrees while
the amplitude tolerance is +20
percent. This phase tolerance is
somewhat greater than the 5 degree
given for the phase of the color
sync burst frequency. However, this
standard mentions that closer toler-
ances on the subcarrier phase may
be required as equipment and tech-
niques improve.

For color transmission the
transfer characteristics (that is
the relationship between the
transmitter r-f output and video
signal input) shall be substan-
tially linear between the refer-
ence black and reference white
levels.

TELEVISION
FREQUENCY ALLOCATIONS

The Federal Communications
Commission has allocated eighty-
two six-megacycle channels for tele-
vision broadcasting. The twelve
VHF channels are between 54 and
216 mc, and the seventy UHF
channels extend from 470 to 890
mc. Channel 1 is no longer avail-
able for television, but has been
reallocated for other services.

Automatic means shall be
provided in the visual trans-
mitter to maintain the carrier
frequency within one kilocycle
of the authorized frequency;
automatic means shall be pro-
vided in the aural transmitter
to maintain the carrier fre-
quency within four kilocycles of
the assigned aural carrier fre-
quency or, alternatively, 4.5
megacycles above the actual
visual carrier frequency within
five kilocycles. For color trans-
mission the aural carrier shall
be maintained 4.5 megacycles
above the visual carrier within
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+1kilocycle. When required by
§3.606, the visual and aural
carrier frequencies are to be
offset in frequency by 10 kilo-
cycles (plus or minus, as indi-
cated) from the normal carrier
frequencies.

Normally the carrier frequencies
are assigned within the channel
according to the diagram shown in
Figure 1. However, when interfer-
ence is likely to exist in a fringe
area between stations on adjacent
channels, the transmitter frequen-
cies are assigned OFFSET above or
below the standard by 10 kec.

Whether offset or not, the station
must remain within 1 ke of the
assigned carrier frequencies.

In addition to the eighty-two
broadcast channels, listed in this
chart, the FCC also assigns auxili-
ary channels for remote pickups,
studio to transmitter (STL), and
for intercity television relay. These
allocations occur between 1990 and
2120 mec, 6875 to 7050, and from
13025 to 13200 megacycles. Finally,
sound channels are provided be-
tween 890.5 to 910.5 for relaying
the sound portion of a television
program or communications re-
lating thereto.

TELEVISION BROADCAST CHANNELS

CHAN- | FREQUENCY CHAN- FREQUENCY CHAN- | FREQUENCY || CHAN- FREQUENCY

NEL IN MC NEL IN MC NEL IN MC NEL IN MC
—|— - . S e S

2 54— 60 23 | 524-530 44 | 650-656 65  T76-782
3 | 60- 66 24 | 530-536 45 | 656-662 66 | 782-788
4 66— 72 25 | 536-542 46 | 662-668 67 | 788-794
5 76— 82 26 | 542548 47 668674 68  794-800
6 | 82-88 27 | 548-554 48 | 674-680 69 | 800-806
7 174-180 | 28 | 554-560 49 | 680-686 70 | 806-812
8 | 180-186 29 | 560-566 50 | 686692 | 71 | 812-818
9 | 186-192 30 | 566-572 51 | 692-698 72 818-824
10 | 192-198 31 | 572-578 52 | 698-704 73 | 824-830
11 198-204 32 | 578-584 || 53 704-710 74 | 830-836
12 ! 204-210 || 33 | 584-590 54 | 710-716 75 | 836-842
13 | 210-216 34 | 590-596 55 | 716-722 76 | 842-848
14 | 470-476 35 | 596-602 56 | 722-728 77 | 848-854
15 | 476-482 L 36 ‘ 602-608 57 | 728-734 78 | 854-860
16 | 482-488 37 | 608-614 58 | 734-740 79 | 860-866
17 | 488-494 | 38 | 614-620 59 | 740-746 80 | 866-872
18 | 494-500 39 | 620-626 60 | 746-752 81 | 872-878
19 | 500-506 40 | 626632 | 61 | 752-758 82 | 878-884
20 | 506-512 41 | 632-638 ’ 62 | 758-764 || 83 | 884-890
21 | 512-518 42 | 638644 63 | 764-770
22 | 518-524 | 43 | 644-650 | 64 770-776 I
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APPENDIX A
FCC STANDARD DEFINITIONS

The following definitions are those given by the FCC and apply to
their standards for both color and monochrome signals.

(a) Amplitude modulation (AM). A system of modulation in
which the envelope of the transmitted wave contains a component
similar to the wave form of the signal to be transmitted.

(b) Antenna height above average terrain. The average of
the antenna heights above the terrain from two to ten miles from the
antenna for the eight directions spaced evenly for each 45 degrees of
azimuth starting with True North. (In general, a different antenna
height will be determined in each direction from the antenna. The
average of these various heights is considered the antenna height above
the average terrain. In some cases less than 8 directions may be used.
See §3.684 (d)).

(c) Antenna power gain. The square of the ratio of the root-
mean-square free space field intensity produced at one mile in the hori-
zontal plane, in millivolts per meter for one kilowatt antenna input
power to 137.6 mv/m. This ratio should be expressed in decibels (db).
(If specified for a particular direction, antenna power gain is based on
the field strength in that direction only.)

(d) Aspect ratio. The ratio of picture width to picture height as
transmitted.

(e) Aural transmitter. The radio equipment for the transmission
of the aural signal only.

(f) Aural center frequency. (1) The average frequency of the
emitted wave when modulated by a sinusoidal signal; (2) the frequency
of the emitted wave without modulation.

(g) Blanking level. The level of the signal during the blanking
interval, except the interval during the scanning synchronizing pulse
and the chrominance subcarrier synchronizing burst.

(h) Chrominance. The colorimetric difference between any color
and a reference color of equal luminance, the reference color having a
specific chromaticity.
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(i) Chrominance subcarrier. The carrier which is modulated by
the chrominance information.

(J) Color transmission. The transmission of color television sig-
nals which can be reproduced with different values of hue, saturation,
and luminance.

(k) Effective radiated power. The product of the antenna input
power and the antenna power gain. This product should be expressed
in kilowatts and in decibels above one kilowatt (dbk). (If specified for
a particular direction, effective radiated power is based on the antenna
power gain in that direction only. The licensed effective radiated
power is based on the average antenna power gain for each horizontal
plane direction.)

() Field. Scanning through the picture area once in the chosen
scanning pattern. In the line interlaced scanning pattern of two to one,
the scanning of the alternate lines of the picture area once.

(m) Frame. Scanning all of the picture area once. In the line inter-
laced scanning pattern of two to one, a frame consists of two fields.

(n) Free space field intensity. The field intensity that would
exist at a point in the absence of waves reflected from the earth or
other reflecting objects.

(o) Frequency modulation (FM). A system of modulation where
the instantaneous radio frequency varies in proportion to the instan-
taneous amplitude of the modulating signal (amplitude of modulating
signal to be measured after preemphasis, if used) and the instan-
taneous radio frequency is independent of the frequency of the
modulating signal.

(p) Frequency swing. The instantaneous departure of the fre-
quency of the emitted wave from the center frequency resulting from
modulation.

(@) Interlaced scanning. A scanning process in which succes-
sively scanned lines are spaced an integral number of line widths, and
in which the adjacent lines are scanned during successive cycles of the
field frequency.

(r) Luminance. Luminous flux emitted, reflected, or transmitted
per unit solid angle per unit projected area of the source.
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(s) Monochrome transmission. The transmission of television
signals which can be reproduced in gradations of a single color only.

(t) Negative transmission. Where a decrease in initial light
intensity causes an increase in the transmitted power.

(u)y Peak power. The power over a radio frequency cycle corre-
sponding in amplitude to synchronizing peaks.

(v) Percentage modulation. As applied to frequency modulation,
the ratio of the actual frequency swing to the frequency swing defined
as 100 percent modulation, expressed in percentage. For the aural
transmitter of television broadcast stations, a frequency swing of
+25 kilocycles is defined as 100 percent modulation.

(w) Polarization. The direction of the electric field as radiated
from the transmitting antenna.

(x) Reference black level. The level corresponding to the speci-
fied maximum excursion of the luminance signal in the black direction.

(y) Reference white level of the luminance signal. The level
corresponding to the specified maximum excursion of the luminance
signal in the white direction.

(z) Scanning. The process of analyzing successively, according to
a predetermined method, the light values of picture elements consti-
tuting the total picture area.

(aa) Scanning line. A single continuous narrow strip of the picture
area containing highlights, shadows, and half-tones, determined by
the process of scanning.

(bb) Standard television signal. A signal which conforms to
the television transmission standards.

(cc) Synchronization. The maintenance of one operation in step
with another.

(dd) Television broadcast band. The frequencies in the band
extending from 54 to 890 megacycles which are assignable to television
broadcast stations. These frequencies are 54 to 72 megacycles (channels
2 through 4), 76 to 88 megacycles (channels 5 and 6). 174 to 216 mega-
cycles (channels 7 through 13), and 470 to 890 megacycles (channels
14 through 83).
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(ee) Television broadcast station. A station in the television
broadcast band transmitting simultaneous visual and aural signals
intended to be received by the general public.

(ff) Television channel. A band of frequencies 6 megacycles wide
in the television broadcast band and designated either by number or
by the extreme lower and upper frequencies.

(gg) Television transmission standards. The standards which
determine the characteristics of a television signal as radiated by a
television broadcast station.

(hh) Television transmitter. The radio transmitter or trans-
mitters for the transmission of both visual and aural signals.

(ii) Vestigial sideband transmission. A system of transmission
wherein one of the generated sidebands is partially attenuated at the
transmitter and radiated only in part.

(jj) Visual carrier frequency. The frequency of the carrier which
is modulated by the picture information.

"(kk) Visual transmitter. The radio equipment for the trans-
mission of the visual signal only.

) Visual transmitter power. The peak power output when
transmitting a standard television signal.
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IMPORTANT DEFINITIONS

In addition to the definitions given by the FCC as listed in Appendix A,
the following terms are important to know:

BLACK LEVEL—The reference level of a video signal amplitude
which cuts off the electron beam and causes the picture tube
screen to become dark.

EQUALIZING PULSES—Narrow pulses occurring during vertical
blanking interval to provide good interlace.

GUARD BAND—The band between two adjacent channels in which
no transmission takes place to prevent interference.

HORIZONTAL BLANKING PULSE—The pulse which blanks out
the camera and picture tube screens during the horizontal retrace
interval.

HORIZONTAL SYNC PULSE—The pulse which triggers the hori-
zontal deflection generators at the transmitter and receiver to
keep them synchronized.

RASTER— [RAS ter] —The pattern formed on the picture tube screen
without modulation.

ULTRA BLACK—That portion of the modulation signal above the
black level which has no effect on the receiver image.

VERTICAL BLANKING PULSE—The pulse which blanks out the
camera and picture tube screens during the vertical retrace
interval.

VERTICAL SYNC PULSE—The pulse which triggers the vertical
deflection generators at the transmitter and receiver to keep
them synchronized.
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Due to the effective AFC ci~cuits used in modern television receivers only two poirs of knobs ore
needed on tne front ponel. The hold controls ore so rarely used thot they ore ploced in bock or
recessed behind the nome plote.

Courtesy Stewort Worner Corp.
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He who knows not and knows not he knows not,
is a fool—shun him;
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is asleep—wake him;
He who knows and knows he knows,
is wise—follow him.
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SYNCHRONIZATION

In many cathode ray tube appli-
cations, the sweep of the electron
beam across the screen must be
held in step or synchronized with
the electric variation being ob-
served. To achieve this synchroni-
zation, a part of the input signal
is applied to the deflection voltage
generator in such a way as to initi-
ate the sweep cycle. Often, the
voltage pulse that is to be used
for synchronizing the deflection
generator is a part of a rather
complex wave, and must be re-
moved from the rest of the wave
to secure proper operation of the
synchronizing circuits.

In television, synchronization is
needed because the horizontal and
vertical motions of the receiver
cathode ray tube electron beam
must be exactly in step with the
television camera tube electron
beam, if the transmitted image is
to be reproduced on the receiver
screen.

To achieve this synchronization,
pulses are transmitted along with
the picture or video signals as
shown in Figure 1A. Here, the jag-
ged line along the bottom repre-
sents the picture detail, the wide
rectangular pulses extending up-
ward from the axis represent blank-
ing pulses that extinguish the spot
of light on the screen during the
retrace interval, and the narrow
pulses on top of the blanking pulses
represent the sync pulses.

SYNC PULSE CLIPPERS

Circuits designed for the pur-
pose of removing the sync pulses
from the complex wave are known
variously as SYNC DETECTORS or
sync pulse clippers. However,
to prevent confusion with conven-
tional detectors or the filter cir-
cuits that may later separate sync
pulses of different lengths, only
the term “sync pulse clipper’ is
employed in this text. Two general
types of sync pulse clippers are in
present use: (1) the grid leak (tri-
odes or pentodes) and (2) the
diode.

Grid Leak Sync Clippers

The schematic diagram of a grid
leak type triode sync clipper shown
in Figure 1B is a limiter circuit
with the cathode at ground poten-
tial, grid leak bias, and a compara-
tively low positive plate voltage.
Applied to the grid, input signal er
must have the polarity shown in
Figure 1A. That is, the sync pulses
must be the most positive part of
the wave-form. As in all grid leak
bias arrangements, the positive
peaks of input signal e, drive the
grid positive with respect to the
cathode to allow short pulses of
cathode-to-grid electron flow.

These pulses of electron flow
charge capacitor C, to the polarity
shown, then during the compara-
tively long intervals between the
input signal positive peaks, C, dis-
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charges through grid leak resistor
R.. This discharge current develops
a d-c voltage drop Eg, such that
the grid end of R, is negative with
respect to the cathode or ground.
Since the intervals between the
positive peaks of the signal are
long compared to the peak dura-
tion, most of the time the grid end
of R, is negative with respect to
ground. Thus, the average Eg, is
negative, its exact value depending
upon the time constant of R,C,
and the amplitude of the signal
voltage er.

As shown by the curve of Figure
1A, the signal voltage e; varies
about an axis or zero voltage and,
as it is applied in series with C, and
R,, it alternately adds to and sub-
tracts from the capacitor voltage to
cause variations of the discharge
current in grid resistor R,.. As a
result, the wave-form of the in-
stantaneous voltage drop e, across
R, will be applied to the tube grid
as shown by e; of Figure 2.

The d-c bias voltage Eg, does
not exist in the same form as a
d-c battery voltage but rather rep-
resents the average of all the in-
stantaneous values of e,, thus the
axis of the input signal e; coin-
cides with the operating point of
the tube.

With values of R, and C, that
produce a comparatively long time
constant, the capacitor discharge
maintains a relatively constant
voltage across resistor R, for a

period equal to several cycles of
the input signal. In order that a
voltage corresponding to slightly
less than the peak value will drive
the grid negative to plate current
cutoff, the tube is operated at a
low plate voltage. Under these con-
ditions, only the synchronizing
pulses reduce the negative grid bias
sufficiently to permit pulses of plate
current.

As illustrated in Figure 2, this
arrangement provides plate cur-
rent pulses of the same wave-form
as the incoming synchronizing
pulses. In any resistance coupled
stage the plate voltage is 180 de-
grees out of phase with the plate
current, therefore, as shown in the
right of Figure 1C, the output volt-
age e, will consist of the inverted
synchronizing pulses.

Thus, the grid leak type of sync
pulse clipper consists of a limiting
tube with the circuit and input
signal adjusted so that the ‘“clip-
level” falls near the base of the
sync pulses of the complete wave.
Consequently, only the most posi-
tive portions of the complete sig-
nal, the synchronizing pulses, are
able to produce plate current and
appear in the output circuit.

Diode Sync Pulse Clipper

Figure 3 is a schematic diagram
of the diode type sync pulse clip-
per arranged to emphasize the like-
ness between it and the grid leak
circuit of Figure 1B. When grid
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current occurs in a triode or pen-
tode tube circuit, the effect often
is referred to as the “diode action”
between cathode and grid. Con-
sidering the circuit of Figure 3, the
diode current develops a ‘bias”
voltage across the resistor R in
the same way that the voltage Eg,
is produced in Figure 1B.

The top view of a television receiver chassis. A

smoll chassis mounted near the lower edge of the

main chassis contains the "sync omp,” the "sync
asc,” and the "sync disc.”

Courtesy Farnsworth Television & Rodic Corp.

To review the diode action, dur-
ing the positive alternations of the
input voltage e; in Figure 3, the
cathode-to-plate electron flow
charges capacitor C to the polarity
shown. Between these positive
peaks, the charge on C leaks
through resistor R to produce a
voltage drop which causes the plate
end of R to be negative with re-
spect to ground.

In order to pass only the syn-
chronizing pulses of the input volt-
age ey, the circuit must function as
a diode limiter with a clip level at

the point indicated by the dotted
line. As in the circuit of Figure 1B,
the bias Ex in Figure 3 is depend-
ent upon the amplitude of the in-
put signal e; and the time constant
of R and C. Thus, by using rela-
tively large values of R and C, and
properly adjusting the amplitude
of e;, the voltage Ex can be made
such that the diode plate is biased
to or above the clip level.

Because of the negative bias Eg,
the diode is nonconductive except
during the intervals of the highly
positive sync pulses and thus only
these pulses cause diode current.
During these synchronizing inter-
vals, the electron flow through the
low resistance of the diode and load
resistor R, is sufficiently large to
recharge capacitor C by an amount
equal to that which leaks off
through R between pulses.

Developed by the diode current
through the load resistor R;, the
output signal voltage e, has the
shape of the sync pulses. However,
neither inversion nor amplification
takes place. As in any diode cir-
cuit, part of the input signal is
dropped across the tube, conse-
quently the amplitude of the sync
pulses in the diode clipper output
is somewhat less than in the input.
When the input to the circuit is
sufficiently high, the diode clipper
often is preferred since its output
voltage wave-form contains less
distortion than that of the triode
or pentode types.
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SYNC PULSE SEPARATION

For simplicity sake, the draw-
ings of Figures 1A, 2, and 3 indi-
cate that the complete input wave
contains but one type of sync pulse.
However, in television such is not
the case.

Three distinct types of syn-
chronizing pulses are transmitted
along with the picture signals and
blanking pulses.

Although these sync pulses are
of the same magnitude, they are
of different durations. Therefore,
when applied to an RC filter cir-
cuit known as a sync pulse sepa-
rator, the pulses are segregated
according to their duration and
applied to the proper deflection
generator to maintain a constant
frequency relation between the
generator output and the appro-
priate sync pulses.

In a standard television signal,
a 5 microsecond long pulse is used
for synchronizing the horizontal de-
flection generator, the oscillation
frequency of which is 15,750 cycles
per second, and a 190 microsecond
long pulse is employed for syn-
chronizing the vertical deflection
generator, the oscillation frequency
of which is 60 cycles per second.
Groups of six 2.5 microsecond long
pulses placed before and after the
vertical sync pulses, insure proper
synchronization of the vertical os-
cillator.

Differentiating Circuit

To separate or segregate the
higher frequency horizontal sync
pulses from the lower frequency
vertical sync pulses, it is customary
to employ a high pass or DIFFER-
ENTIATING NETWORK like Figure
4A. With this arrangement, the
composite wave containing all three
kinds of sync pulses is impressed
across the series RC circuit, with
the output appearing across the
resistor. Figure 4B represents the
narrow horizontal sync pulses,
while Figure 4C represents the long
vertical sync pulse. To maintain
synchronization of the horizontal
oscillator during the vertical sync
pulse interval, this long pulse is
broken up by SERRATIONS into a
number of closely spaced pulses
which are longer than the horizon-
tal sync pulses.

For proper operation of the dif-
ferentiating network, the resistance
and capacitance are chosen so that
the time constant is relatively short
in comparison with the duration
of horizontal pulses. That is, the
t/T ratio is large. Hence, the ca-
pacitor can charge and discharge
rapidly so that, appearing across
the resistor, output voltage Ex has
a wave-form of the sharp pointed
pulses illustrated in Figures 4D
and 4E.

Due to the short RC time con-
stant, the action of the filter cir-
cuit is the same for the widely
spaced, narrow pulses of Figure 4B,
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and the closely spaced, wider pulses
of Figure 4C. In either case, the
output waves are about alike and
of the proper shape to control the
horizontal deflection voltage gen-
erator circuits which, in television
receivers, operate in such a way
that their oscillations take place
only at, or very near the frequency
to which they are “tuned.”

The horizontal deflection oscil-
lator is adjusted to operate at the
frequency of the horizontal sync
pulses of Figure 4B, but as the
pulses of Figure 4E occur at twice
this frequency, only every other
“pip” controls the horizontal oscil-
lator. Known as EQUALIZING
PULSES, the 2.5 microsecond pulses
which occur immediately before
and after the vertical sync pulses
also have twice the frequency of
the horizontal pulses.

At the output of the filter their
wave-form is similar to those of
Figure 4D, but, occurring at twice
the sweep frequency. Only every
other pulse “trips” the horizontal
oscillator. Thus, although several
sync signals are being received, the
output of the filter of Figure 4A
provides continuous control of the
horizontal deflection voltage gen-
erator.

As it was pointed out earlier, in
order for the differentiating circuit
to function as explained for Figure
4, it is necessary that its RC time
constant be relatively short, a rec-
ommended value being one-half of

one percent of the interval between
pulses. Because of the loading ef-
fect on the tube circuits to which
they are connected, some receiver
designs employ more than one such
RC circuit, each of which has a
somewhat longer time constant so
that the differentiation of the syn-
chronizing pulses is accomplished
by the combined action of the sev-
eral filters.

Insofar as the time constant
alone is concerned, it can be ob-
tained by the use of small R and
C, a medium R with a very small
C, or a medium C with a very
small R. The final choice depends
to some extent upon the circuits
in which the differentiating net-
work is contained.

Integrating Circuit

For separating the low frequency
vertical sync pulses from the high
frequency horizontal sync pulses,
the low pass or integrating net-
work shown in Figure 5A may be
employed. With this arrangement,
the composite sync signal is im-
pressed across the series RC cir-
cuit, and the output appears across
the capacitor. As in the case of the
differentiating circuit, the desired
operating characteristics are ob-
tained by using the correct t/T
ratio.

In order to separate the hori-
zontal sync pulses shown in Figure
5B from the vertical pulse of Fig-
ure 5C, this t/T ratio should be
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about five by making the time con-
stant approximately one-fifth of
the vertical pulse duration.

The sync signal input to the in-
tegrating circuit contains both the
horizontal pulses, Figure 5B, and
the vertical pulses, Figure 5C.
When a narrow horizontal pulse
is applied to the filter, the capaci-
tor begins to charge through the
resistor, as shown in Figure 5D.
However, before the charge be-
comes very high, the trailing edge
of the input pulse arrives and the
capacitor discharges completely be-
fore the next pulse arrives.

On the other hand, when a wide
vertical pulse is applied to the RC
network, the capacitor is charged
for a longer period of time and
therefore to a higher potential, as
shown from points 1 to 2, Figure
5E. During the short gap or ser-
ration between the first and sec-
ond parts of the vertical pulse, the
capacitor discharges to a slightly
lower potential, points 2 to 3, but
the following pulse causes it to
charge from point 3 up to point 4.

Again it discharges slightly be-
tween pulses and is then charged
further by each succeeding seg-
ment of the vertical pulse. Because
of the relatively long duration and
close spacing of these segments of
the vertical sync pulse, during the
vertical synchronizing pulse inter-
val the capacitor is charged more
than it is allowed to discharge. As
aresult the capacitor voltage builds

up until it reaches a maximum,
such as point X in Figure 5E, just
at the end of the vertical sync
pulse. Between pulses it is allowed
to discharge to the zero level.

A control on the front panel of the oscilloscope
provides selection between three sources of volt-
age to synchronize the horizontal sweep oscillator.

Courtesy Allen B. DuMont Labs., Inc.

In television, the group of six
segments which constitute the ver-
tical sync pulse occur once every
60th of a second, thus the wave of
Figure 5E is produced every 60th
of a second and, in the form of one
large pulse, may be used to syn-
chronize the vertical deflection
voltage generator. As shown by
the curve of Figure 5D, the volt-
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ages produced across the capaci-
tor by the horizontal synchroniz-
ing pulses are of relatively low
amplitude and, therefore, have lit-
tle or no effect on the vertical os-
cillator.

So far as vertical svnchroniza-
tion is concerned, the separate
pulses of Figure 5C could be com-
bined into one long pulse which
would eliminate the serrations of
Figure 5E. However, while they
have no function in the vertical
deflection circuit, these interrup-
tions are necessary to maintain
synchronization of the horizontal
oscillator during the vertical syn-
chronizing interval, as explained
for Figure 4C.

CLIPPER AND
SEPARATOR CIRCUITS

The schematic diagram of Fig-
ure 6 is a practical circuit em-
ployed to clip and separate sync
pulses in a television receiver. V,
is the video detector which is con-
nected so as to deliver a negative
signal to the grid of tube V. as
shown by the wave-form at the
lower left of the Figure. Connected
between V, and its load resistor
R,, the low-pass filter L,, C,, Lo,
and C; maintains the detector fre-
quency response constant up to
about 4 mc.

Series compensated by L, and
R;, and shunt compensated by L.,
V. amplifies the complete or com-
posite video signal and applies it

through capacitor C, to the cath-
ode of the picture tube as indicated
at the upper center of Figure 6.
Appearing at the junction of L,
and R, as well as on the V, plate
and picture tube cathode, the V.
output has the wave-form shown
above V..

From the L;R; junction, the
composite video signal is applied
through isolation resistor R; and
coupling capacitor C; to the V;
control grid. In this control grid
circuit, C; and R, form a differen-
tiating network similar to the one
of Figure 4A. However, the RC
time constant must be very long
so that the shape of the composite
video wave-form is not changed.
Operated with very low plate and
screen grid voltages because of
voltage divider R,\R.;, and with
grid leak bias developed across R,,
V; functions as a grid leak type
clipper to remove the sync pulses
from the applied signal.

During the synchronizing inter-
vals, the sync pulses drive the V,
control grid positive, causing a grid
current that quickly charges C; to
the input peak value. Between sync
pulses, the long R,C; time con-
stant keeps the capacitor from dis-
charging appreciably and the nega-
tive d-c voltage developed across
R, remains essentially constant
nearly equal to the peak value of
the pulse.

Due to the very low plate and
screen grid potentials, plate cur-
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rent cutoff is reached with a low
negative grid bias. Thus, V; is
biased well beyond cutoff so that
only the sync pulse tips can over-
come the bias and cause plate cur-
rent. The resulting plate voltage
wave-form consists of negative
pulses as shown by the wave-form
at the upper right. Although not
shown in Figure 6, the vertical
sync and equalizing pulses, as well
as the horizontal sync pulses are
present in the composite video
wave. All three are clipped and
amplified by V;, appear in its plate
circuit as negative pulses. Applied
to RC circuits where they are sepa-
rated, these horizontal and verti-
cal pulses are applied to the respec-
tive deflection generators. Resem-
bling the circuit of Figure 4A, the
short RC time constant differen-
tiating network, C,\R,; in the grid
circuit of V,, changes the rectangu-
lar pulses into peaked pulses or
“pips” which then are amplified
by V, the output wave-form of
which is indicated.

The amplitude difference be-
tween the positive and negative
pips of the output is due to the
fact that V, is operated without
fixed bias. At the beginning of the
sync pulse, the sudden drop of V;
plate potential causes C,, to dis-
charge rapidly through Ry, pro-
ducing a large negative “pip” on
the V, grid. When the V; plate
voltage rises suddenly at the end
of the sync pulse, the grid of V,
is driven positive and grid current

rapidly charges C,,. However, due
to the very low cathode to grid
resistance when there is grid cur-
rent, the positive pip is of very
small amplitude. Amplified and in-
verted by tube V,, the differen-
tiated sync pulse consists of a large
amplitude positive pip and a low
amplitude negative pip as shown.
Coupled through the d-c block-
ing capacitor C,, the composite
sync signal is applied also to the
input of the three section RC inte-
gration network R,,C,;, R;;C;; and
R;sC;. The output of this network
is amplified by V; and applied to
the vertical deflection generator.
By using three of the Figure 5A
networks connected end to end,
the integration network of Figure 6
filters out all traces of the horizon-
tal sync and equalizing pulses as
well as most noise signals that could
cause improper operation of the
vertical deflection generator.

Completing the V; grid circuit,
R,; is returned to the plate supply
source so as to provide a path for
discharging the network capacitors
quickly. At first glance it might
seem that the V; control grid is at
the plate supply potential. How-
ever, with the grid positive to the
cathode there is grid current and
the resulting voltage drop across
R.; reduces the grid voltage. In
practice, R;; is large and the drop
across it almost neutralizes the
plate supply voltage so that the
grid is only slightly positive to the
cathode.
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The horizontal sync pulses that
are applied to the first section of
the Figure 6 integration network
cause C,, to charge slightly as ex-
plained for the circuit of Figure 5A
and illustrated in Figures 5B and
5D. However, in this case, the
pulses are negative and Figures 5B
and 5D should be inverted to show
the true C, wave-form. The Cy,

This signal generotor pravides o horizantal syn

voltage for synchronizing the sweep generafors of

the oscilloscope used with it during receiver olign-
ment.

Courtesy Triplett Electrical Instrument Co.

voltage is applied to the second
section, charging C,, to a small por-
tion of the C,, voltage. Applied to
the third section, the C,. voltage
charges Cj; slightly. In practice,
the input pulse amplitude is kept
relatively small, so that the hori-
zontal sync pulses have prac-
tically no effect on the C,; charge.

During the vertical synchreniz-
ing interval, the six comparatively
long pulses applied to the network
input charge C,, as explained for

Figure 5A and illustrated by Fig-
ures 5C and 5E. Here again, the
curves of Figures 5C and 5E must
be inverted to show the true wave-
forms of Figure 6. Applied to the
second section, the C,, voltage
charges Ci, and, in turn, C;;. Be-
cause of the RC time constants,
the charge on C,; is considerably
lower than on C,, but the uneven-
ness due to the serrations has been
almost completely removed.

To insure proper synchronizing
of the vertical deflection oscillator,
the trailing edge of the C,; voltage
pulse is steepened through the ac-
tion of R,;. At the end of the verti-
cal sync interval, the excess elec-
trons on the ungrounded plates of
Cu, Ciz, and Cy;, flow through Ry,
R, and the low B+ supply to
ground and from ground to the
lower capacitor plates, thus dis-
charging the capacitors very rapid-
ly. The integrated vertical sync
pulse is amplified by V;, then with
the wave-form shown above Ci,
the pulse is applied to the grid of
a blocking oscillator type of deflec-
tion generator.

AUTOMATIC
FREQUENCY CONTROL

In the operation of many types
of electron apparatus employing
cathode ray tubes, the horizontal
and vertical deflection generators
are adjusted to natural or free-
running frequencies that are slight-
ly lower than the frequency of the
signal being displayed. Then, the
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synchronizing pulses initiate or
‘“‘trigger’’ each generator cycle
slightly before it would occur nat-
urally, and thus, increase the de-
flection generator frequencies to
the exact synchronous value. Of-
ten, the sync pulses are wiped out
either by an excess of noise signal
or by the complete loss of the de-
sired signal. In either event, the
deflection generators will drop out
of synchronism with the signal be-
ing observed.

Employing a new principle of
synchronization, a number of cir-
cuits have been developed to main-
tain the correct sweep frequency
by averaging several regularly re-
curring sync pulses. Known by
such names as automatic fre-
quency-phase control, auto-
matic sync control, and hori-
zontal afc, their use results in
greatly improved performance es-
pecially in locations where severe
noise interference exists or where
the signal strength is weak.

With circuits of this type, the
received sync pulses and either a
sine or sawtooth wave-form from
the deflection generator are applied
to a sync discriminator, the output
of which is connected to an oscil-
lator frequency control circuit.
When the oscillator frequency and
phase depart slightly from those of
the sync pulses, a resulting d-c
voltage varies the oscillator fre-
quency until the proper phase rela-
tions are re-established.

SINE WAVE AFC SYSTEM

Figure 7 is a block diagram of
the essential elements of the sine
wave type automatic frequency
control (afc) system. After remov-
ing the sync pulses from the com-
plete video signal, the sync clipper
passes them on to one input of the
sync discriminator. As shown, the
second input of the sync discrimi-
nator receives a voltage from the
horizontal sweep oscillator.

Operating in a manner similar
to that of the discriminator used
in FM radio receivers, the sync
discriminator employs two diodes
connected so that when the applied
sync pulses and the oscillator volt-
age have the correct phase rela-
tions, there is no d-c output, but
when the oscillator frequency
changes, a d-c voltage is produced
and applied to the reactance tube.

Connected across the horizontal
sweep oscillator tuned circuit, the
reactance tube functions as an in-
ductance, which varies in value
over a narrow range with a change
in bias voltage. Thus, by changing
the d-c voltage on the reactance
tube grid, the horizontal sweep os-
cillator frequency may be altered.
When the circuit is connected
properly, this action tends to bring
the oscillator frequency back to
the proper phase relation with the
sync pulses and thus automatically
reduces the discriminator d-c¢ out-
put to zero.
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The Sync Discriminator

A schematic diagram of the cir-
cuit represented by the sync dis-
criminator block of Figure 7 is
shown in Figure 8A. The sync clip-
per output is applied across re-
sistor R; which is indicated as the
“sync input.” The sine wave out-
put of the horizontal sweep oscil-
lator is applied across resistors R,
and R, in series which are indicated
as the sine wave input. The output
of the discriminator, developed
across resistors R, and R; in series
and indicated as e,, is applied to
the reactance tube circuit.

The sync input develops corre-
sponding pulses of voltage across
R; which, when negative at the
point (2) end causes a flow of elec-
trons. There are two electron paths,
one through R,, V,, and R, and
the other through R;, V,, and R..
In practice, V, is the same type of
tube as V,, R, equals R;, and R,
equals R;, so that the electron flow
in both paths will be equal.

Under these conditions the drop
across R, equals the drop across
R; but the polarities are opposite.
For R,, point (1) will be positive
with respect to point (2), while for
R;, point (3) will be positive with
respect to point (2). Measured be-
tween points (1)—(3), these equal
voltages oppose each other so that
e, Is zero.

In cases of this kind, the total
voltage is the algebraic sum of the
separate voltages. If the separate

voltages are series opposing, the
algebraic sum is equal to the arith-
metical difference, and as explained
for Figure 8A, the algebraic sum
of the voltage drops across R, and
R, is zero. This action occurs for
all input voltages which cause the
point (2) end of R; to be negative
with respect to its other end. Input
pulses which cause the point (2)
end of R; to be positive have no
effect as electrons cannot flow
through the diodes V, and V, from
plate to cathode.

Neglecting for the moment the
voltage across R;, the sine wave of
the oscillator is applied across re-
sistors R; and R, in series to de-
velop a corresponding a-c voltage
drop across them. During one al-
ternation the V, plate is positive
with respect to the V. plate. Dur-
ing the following alternation, the
V. plate is positive with respect to
the V, plate. This complete rever-
sal of polarity occurs for each al-
ternation of the input voltage.

During the alternations that the
V, plate is positive, electrons flow
from the junction of R, and R,,
through R; to point (2), through
R, to point (1) and through V, from
cathode to plate, back to R, At
this time, the V, plate is negative
with respect to its cathode, there-
fore it is nonconductive. With
nothing but resistance in the cir-
cuit, the current will vary directly
with the applied voltage, therefore,
the drop across R, has the same
wave-form as one alternation of
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the input voltage. With no current
in R;, and therefore no voltage
drop across it, the output voltage
e, is essentially the same as that
across R,.

Reviewing the action for a com-
plete cycle, while V, is conductive,
points (2) and (3) are at the same
potential and negative with respect
to point (1). While V, is conduct-
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A variation of the phase detector shown in Figure 11. The sync pulses are obtained from

a phase splitter amplifier and the sawtooth voltage is applied directly to the V, cathode and
the V; plate. The control voltage is developed across R; and filtered by C3R.Cq.

During the alternations that the
V. plate is positive, electrons flow
from the junction of R, and R,
through R; to point (2), through
R; to point (3), and through V,
from cathode to plate, back to R.,.
At this time the V, plate is nega-
tive with respect to its cathode
and, therefore, is nonconductive.
As explained for R,, during these
alternations the drop across R; has
the same wave-form as the input
voltage but there is no drop across
R..

ing, points (1) and (2) are at the
same potential and negative with
respect to point (3). Thus the wave-
form of the output voltage e, is a
replica of the a-c input voltage
applied across resistors R, and R..

Earlier in this explanation, it
was stated that the discriminator
output was d-c and to obtain this
result, capacitors are connected
across resistors R, and R, as shown
in Figure 8B. Due to the rectify-
ing action of the diodes, the polar-
ity of the voltage drop across each
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resistor does not change. There-
fore, after a few cycles of the sine
wave input, the conduction of the
diodes charges C, and C; to the
polarity indicated.

To charge C,, electrons flow from
the lower input terminal through
R. and R; to the negative plate of
capacitor C,. Leaving the positive
plate, the electrons flow through
V, to the upper input terminal. In
a like manner, when V; conducts,
the electron flow is from the upper
terminal through R, and R; to the
negative plate of capacitor C,, then
from the positive plate through V,
to the lower terminal.

The total resistance in each
charging circuit is relatively low,
therefore C, and C, charge quickly
to approximately the sine wave
peak. The C, discharge path is
through R,, while R; forms the
discharge path for C.. R; and R,
have relatively high resistances,
therefore, once charged, each ca-
pacitor discharges only slightly
during the intervals when its diode
is not conducting.

Thus, the output e, is equal to
the algebraic sum of the two prac-
tically constant voltages Ec, and
Ec,, and consequently, it is a d-c
rather than a-c voltage as in the
case of Figure 8A. However, with
only the sine wave input applied,
each diode conducts equally, Ec,
is equal to Ec,, and these two op-
posing voltages add to make e,
Figure 8B, equal to zero. Likewise,

with only the sync pulses applied,
C, charges to the same voltage as
C,, and their sum, e,, is zero.

During actual operation, the sine
wave and sync pulse inputs are
applied simultaneously and while
individually they produce zero out-
put voltage, when combined, there
will be zero output only when they
are of equal frequencies and proper
phase. No matter how carefully it
is constructed and tuned, varia-
tions of supply voltage or changes
of component values due to the
differences of temperature cause
the frequency of the horizontal
sweep oscillator to vary slightly.
The purpose of the discriminator
is to compare the oscillator output
with the sync pulses and convert
any variations of frequency or
phase into a d-c output voltage of
corresponding polarity and ampli-
tude.

To explain this action, the curves
of Figure 9 have been drawn to
indicate the combined input volt-
ages applied across point (2) of
Figure 8 and the plate of each
diode. The solid line portions of
each curve indicate the alterna-
tions during which the diode is
conductive while the broken line
portions indicate the nonconduc-
tive alternations.

In Figure 9A, the oscillator out-
put has drifted in frequency so
that the sync pulse is applied at
the positive peak of the conductive
alternation of diode V.. Referring
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to Figure 8B, this added voltage
charges capacitor C, to a higher
potential than is possible with the
sine wave alone. For the following
alternation of the input cycle, diode
V. is nonconductive while diode V,
conducts causing C. to be charged
by the sine wave only. With C,
charged to a higher potential than
C,, the output voltage e, is equal
to the difference of potential and
point (1) is positive with respect
to point (3).

Assume now that the oscillator
frequency has drifted so that the
sync pulse is applied at the peak
of the conductive alternation of
diode V. as shown in Figure 9B.
During the first alternation of this
input cycle, capacitor C, of Figure
8 charges to the normal sine wave
potential but during the second
alternation, the added voltage of
the sync pulse charges C, to a
higher potential. The output volt-
age, e,, is equal to the difference of
these potentials and point (1) is
negative with respect to point (3).

When the oscillator frequency
is correct in frequency and phase,
as shown in Figure 9C, the sync
pulse occurs when the sine wave
voltage is passing through zero.
Under these conditions, equal volt-
ages are applied to the diodes dur-
ing conductive alternation, capaci-
tors C, and C, are charged equally
and the output voltage remains
zero.

Thus, as the oscillator frequency
drifts from the correct phase of
Figure 9C, toward the extremes of
Figures 9A and 9B, there is a cor-
responding change in the amplitude
and polarity of the output voltage
.. Applied to a reactance tube, this
output voltage controls the fre-
quency of the horizontal oscillator
and thus maintains the proper syn-
chronism between the sync pulses
and the oscillator output.

Figure 10A is the diagram of a
practical sine wave sweep frequency
control system in which V, and V.,
are the sync discriminator tubes,
V; a reactance tube and V, an
electron coupled oscillator. As de-
scribed in an earlier lesson, the V,
cathode, control grid, and screen
grid function as a Hartley oscil-
lator. The plate current pulses de-
velop a square wave voltage across
R,.. Differentiated by C,, and R,,,
this voltage is applied to the con-
trol grid of the discharge tube.

The oscillator frequency may be
varied over a narrow range by ad-
justing Ry; to change the grid leak
bias voltage developed across series
connected R; and R;. Therefore
Ri; is operated manually as the
HORIZONTAL HOLD CONTROL.

Although the oscillator output
at the V, plate has square wave-
form, the flywheel action in the
grid tank circuit causes a sine wave
oscillatory current in L,. Receiving
its sine wave from center-tapped
winding L, which is inductively
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coupled to oscillator coil L., and
its sync pulses through capacitor
C; into the L, center tap, the sync
discriminator of Figure 10A oper-
ates in about the same manner as
the basie circuit of Figure 8A.

These multiple images overlapping each other indi-
cate that the vertical sync is inoperative in this TV
receiver.

Reactance tube V, requires a
grid bias of approximately —3
volts for proper operation. How-
ever, to provide the desired cath-
ode-plate voltage phase relation-
ships, R; is only about 10 ohms.
Thus, V; plate current in R; devel-
ops a very small voltage drop, and
to obtain the needed bias, the lower
end of R. and the V, cathode are
connected to a —3 volt source as
indicated. This places a bias on
the V, grid, because the grid d-c
return circuit is through Ry Ry,
R,, and the —3 volt source to
ground.

Connected from the grid to
ground, C, charges through R., R,

and R, until its upper plate is 3
volts negative with respect to
ground, and will maintain this
charge so long as the discriminator
output is zero. When the sine wave
input shifts in phase with respect
to the sync pulses, the discrimi-
nator output adds to or subtracts
from the —3 volts and C; charges
or discharges to the new value.

Although the sync discriminator
readily responds to any noise pulses
reaching it, the rapid output varia-
tions are not passed by filter C:R,
and, therefore, these noise ‘“‘spikes”
have little effect on the C; charge.
Applied to the control grid, the
voltage across C, provides a vari-
able d-c bias for controlling V.

The Reactance Tube Circuit

Functioning as a variable induct-
ance connected in paralle]l with L,
the reactance tube V; varies the
oscillator frequency as its bias is
changed. In Figure 10A, the V;
plate receives an a-c voltage from
oscillator coil L, through capacitor
C,, while the normal d-c voltage is
applied through R;. Also connected
across L,, C; and R; form a phase
shifting circuit that supplies an a-c
voltage to the V, cathode. C; is
chosen so its capacitive reactance
is much greater than the resistance
of R,, causing a current through
R; that leads the applied voltage
by nearly 90°.

In phase with the current, the
voltage drop Eg; also leads the L.



Synchronization

Page 19

voltage by nearly 90° as shown by
the curves of Figure 10B. The V;
plate current indicated as Iv, is
180° out of phase with the cathode
voltage, Eg,, and lags the applied
voltage, K., by 90°.

In a perfect inductor the current
lags the voltage by 90° therefore,
insofar as the oscillator inductor
L. is concerned, the reactance tube
plate current has the same effect
as a parallel connected inductor.
A decrease of plate current cor-
responds to an increase of induct-
ance while an increase of plate
current corresponds to a decrease
of inductance.

To illustrate the operation of
the complete circuit, assume that
with the connections shown in Fig-
ure 10A, an increase in oscillator
frequency causes V, to conduct
more than V,. Under these condi-
tions, voltage Eg, is greater than
Er, and the negative voltage ap-
plied to C; and the V; grid is in-
creased. The resulting decrease in
the reactance tube plate current is
equivalent to increasing the in-
ductance represented by the tube,
thus increasing the total induct-
ance in the oscillator tuned cir-
cuit. By this action, the oscillator
frequency decreases until the phase
relations in the sync discriminator
return to the normal condition as
shown in Figure 9C and no further
correction voltage is applied to the
reactance tube grid circuit.

On the other hand, should the
oscillator frequency decrease below
the correct value, the sine wave-
sync pulse phase relations is such
that V, conducts more than V.,
the voltage drop Ey, is greater than
Eg, and the sync discriminator pro-
duces a positive d-c output. The
resulting decrease in the net nega-
tive bias on the V; grid increases
its plate current. This is equivalent
to a decrease in the inductance
represented by V;, thus causing the
oscillator frequency to increase.
Again, when the correct frequency
is reached, the discriminator out-
put reduces to zero.

In practice, the response of the
sine wave type control circuit is
immediate and quite effective and,
although numerous variations are
employed, their basic principles of
operation remain the same.

SAWTOOTH AFC SYSTEM

Figure 11A shows the basic cir-
cuit of a HORIZONTAL SAWTOOTH
TYPE AFC SYSTEM in which the fre-
quency and phase of the sync pulses
are compared with those of a saw-
tooth voltage that is obtained from
the horizontal output amplifier.
The sync discriminator produces a
d-c voltage the magnitude of which
is increased by the d-c amplifier
and applied to the multivibrator
to control the frequency.

Multivibrator
Frequency Control
In all multivibrators, the oscilla-
tion frequency is determined pri-
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marily by the resistance and ca-
pacitance of the circuit, but small
frequency changes may be obtained
by varying the bias on one of the
tubes. As the multivibrator fre-
quency changes, the phase rela-
tions of the sync discriminator in-
put wave change and the discrimi-
nator d-c output varies the multi-
vibrator grid bias to return it to
the proper frequency. However, the
direction of frequency change de-
pends upon the polarity of the
control voltage and the multivi-
brator grid circuit to which it is
applied.

In the partial multivibrator of
Figure 11A the control voltage is
applied to the grid of the discharge
tube V. The cutoff time of V; is
determined by the CsR, network
in the grid circuit. A positive volt-
age applied to the V; grid opposes
the negative voltage across Ry caus-
ing the tube to conduct sooner
while an applied negative voltage
aids the bias across R, so that V;
remains cut off longer. Thus, WiTH
THE D-C CONTROL VOLTAGE APPLIED
TO THE DISCHARGE TUBE A POSI-
TIVE CONTROL VOLTAGE INCREASES
THE FREQUENCY, WHILE A NEGA-
TIVE VOLTAGE DECREASES THE FRE-
QUENCY.

When the control voltage is ap-
plied to the grid of tube Ve, as
shown in Figure 12, the effect is
reversed. The cutoff period of V;
is determined by the time required
for Cs to discharge through R, due
to a change in V, plate voltage.

With a relatively high plate voltage
on V, the C; discharge is less, a
small voltage drop across R, aids
the cutoff bias, and permits V; to
conduct sooner. Conversely, a de-
crease in V; plate voltage causes
V, to remain cutoff longer due to
longer time required for Cs to
discharge. Hence, WITH THE D-C
CONTROL VOLTAGE APPLIED TO THE
CONTROL TUBE A POSITIVE VOLTAGE
DECREASES THE FREQUENCY OF THE
MULTIVIBRATOR AND A NEGATIVE
VOLTAGE INCREASES THE FRE-
QUENCY.

The Diode Sync Discriminator

As shown in Figure 11A, the
sync pulses are amplified by V, and
coupled into the sync discriminator
by transformer T.. Positive pulses
are applied through C. to the V.
plate and negative pulses through
C; to the V; cathode, thus the
diodes conduct in series, charging
C, and C; to the polarities shown.

During this charging interval,
electrons flow from the C, positive
plate, through the T secondary
to the C; negative plate. From the
C, positive plate, electrons flow
through V; and V; to the negative
plate of C,, thereby charging the
capacitors to the peak value of the
applied pulses. Throughout the in-
tervals between sync pulses, C; and
C, discharge slightly through the
T, secondary and the high resist-
ances of R, and R;. The charge
voltages Ec, and Ec; serve to bias
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the V. plate negative and the V,
cathode positive.

To understand how these biases
are applied to the diodes, note that,
in series with each other, V, and
V,; are connected in parallel with
R. and R,. Resistor R, is equal to
R;, and V., offers the same resist-
ance to current as V. During sync
pulses, when the diodes are con-
ducting equally, the voltage drop
across V. is equal to that across
V;, so that the junction between
the V, cathode and V; plate has the
same potential (zero with respect
to ground) as the grounded junc-
tion between R, and R..

However, in the intervals be-
tween sync pulses, the diodes are
nonconductive because the charges
on C, and C; have greater magni-
tude than the applied sawtooth
voltage with which they are in
series. That is, in the series circuit
consisting of the T, secondary, C;,
V., V., and C., the voltages E¢, and
Ec, have polarity which opposes
conduction of the diodes, and only
the sync pulses have sufficient am-
plitude to overcome these d-c¢ volt-
ages and cause V, and V; to con-
duct. Thus, the diodes conduct only
at the sync pulse peak and are cut
off at all other times. Operating in
this manner, diodes V, and V;serve
as an electronic switch through
which the sawtooth voltage pres-
ent at the T, center tap can be
applied to C, during the sync pulse
interval.

Although not shown in Figure
11A, the horizontal multivibrator
output is amplified by an output
tube that is transformer coupled to
the deflection coils. A voltage pulse,
obtained from the transformer sec-
ondary, is fed back through an RC
integrating circuit and the result-
ing sawtooth is applied to the T,
centertap as shown.

The picture becomes a meaningless blur when the
TV receiver lacks horizontal sync.

Not having sufficient amplitude
to overcome the bias provided by
the charged capacitors C. and Cj,
the sawtooth voltage is unable to
cause diode conduction between
sync pulses. However, during the
synchronizing intervals the diodes
are driven into conduction by the
sync pulses, allowing small por-
tions of the sawtooth voltage to be
impressed across the discriminator
output. As a result of this action,
C, charges or discharges to a volt-
age determined by the polarity and
magnitude of the sawtooth voltage
during the interval of diode con-
duction.
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To illustrate this sync discrimi-
nator action more completely, the
wave-forms indicated in the circuit
of Figure 11A have been aligned in
Figures 11B, 11D, and 11C to show
their phase relationships. In Fig-
ure 11B, the sync pulses are ap-

SAWTOOTH—\

small positive value. Therefore,
when the pulses cause conduction
of the diodes, this positive voltage
is applied to C,, causing the upper
plate of this capacitor to become
positive with respect to the
grounded plate.

NEG.
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This triode phose detector develops o positive voitage across R, which is the reference for

the multivibrator adjustment. The grid is connected through R; to the cothode ond no bios is

used. The control voltage varies with o change of phase in the sync ond sowtooth voltages
due to the increase or decrease in the conduction of the tube.

plied to the V, plate and the V,
cathode when the sawtooth volt-
age is crossing its zero axis in the
center of its “flyback” period. Al-
though the sync pulses cause the
diodes to conduct, the sawtooth
voltage is zero at these instants,
therefore the charge on capacitor
C, remains at zero.

A slight increase in multivibra-
tor frequency results in the phase
relation of Figure 11C, where the
sync pulses occur slightly past the
center of the sawtooth flyback in-
terval. Here, the voltage applied to
the T, center tap has attained a

Thus, the sawtooth voltage adds
to the positive pulse applied to the
plate of V, and subtracts from the
negative pulse applied to the cath-
ode of V;, thus causing V; to con-
duct more than V;. The additional
current for V. is supplied by the
charging current of C,.

Electrons flow from the upper
ungrounded C, plate through V.
to the C, negative plate. Other
electrons leave the C, positive plate
and pass through the upper half of
the T, winding to the center tap.
From the center tap, electrons flow
to ground through the circuit from
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which the sawtooth is obtained,
then to the lower, grounded C,
plate. Charging through the path
just mentioned, C; gradually as-
sumes a potential difference equal
to the voltage applied to the T,
center tap.

On the other hand, should the
multivibrator frequency decrease
slightly, as shown in Figure 11D,
the flyback portions of the saw-
tooth do not quite reach zero before
the sync pulses arrive. The volt-
age applied to the T, center tap is
slightly negative and, following the
previous reasoning, the sawtooth
applied to the V. plate and V;
cathode also is slightly negative,
causing V; to conduct more than V..

Electrons flow from the T, cen-
ter tap through the lower half of
the T, winding to the C; negative
plate. Other electrons leave the C;
positive plate and pass through V;
to the upper, ungrounded C, plate.
Leaving the lower C, plate, elec-
trons flow to ground, then through
the circuit from which the saw-
tooth is obtained to the T, center
tap. Charging through this circuit,
C, acquires a negative charge equal
to the voltage applied to the T,
center tap

Thus, as in the sine wave type
afc, the sync discriminator devel-
ops a d-c output, the polarity and
magnitude of which is dependent
upon the phase relations of the
sync pulses and horizontal output
sawtooth.

The D-C Amplifier

In the circuit of Figure 11A, a
d-c amplifier, V,, is connected be-
tween the sync discriminator and
the horizontal multivibrator, V.
During the sync pulse intervals
when the discriminator diodes are
conductive, there is a d-c path from
the V, grid through V; and R, to
ground, and from ground through
R; and V; to the grid.

However, during the intervals
between pulses, the diodes are not
conductive, and the d-c voltage
between the V, grid and ground
consists of the charge on C,. Thus,
this capacitor may be thought of
as a bias source, the output of
which may be positive, negative,
or zero, depending upon the rela-
tive phase relationship between the
sawtooth wave and sync pulses.

Biased by the drop across R; and
the varying charge of C,, the V,
grid voltage determines the V, plate
current and, in turn, the plate volt-
age. Applied through the horizontal
hold control R;, the V, plate volt-
age adds algebraically with the
drop across R, to determine the net
bias on the multivibrator grid.

With the horizontal hold control
adjusted properly, the sync pulse-
sawtooth phase relations are as
shown in Figure 11B, the C, charge
is zero, and the V, bias is deter-
mined solely by the drop across R..
The resulting positive V, plate volt-
age adds to the negative voltage
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across Ry and provides the correct
V,; grid bias.

A slight increase in multivibra-
tor frequency produces the phase
relations shown in Figure 11C and,
as explained previously, C, assumes
a small positive charge that reduces
the net bias on V,. The resulting
decrease of V, plate voltage is
added to the negative voltage
across R, to increase the net nega-
tive V; grid bias, thereby lowering
the oscillation frequency until the
phase relations are correct and no
further control voltage is devel-
oped.

On the other hand, a decrease in
multivibrator frequency causes the
phase relations shown in Figure
11D and C, acquires a small nega-
tive charge that increases the V,
grid bias. This bias increase re-
duces the plate current and causes
a rise of plate voltage which de-
creases the multivibrator bias. The
resulting increase in frequency
brings the phase relations back to
normal.

The sync discriminator is re-
sponsive to noise voltages, but any
such voltages in its output are re-
moved by filter C,, R,, and C; so
that they are not applied to the
d-c amplifier. In series with the
multivibrator cathode bias resis-
tor, Rs, resonant circuit L,C; is
tuned to the oscillator frequency
to improve the basic frequency sta-
bility of the system.

The Triode Phase Detector

The circuit diagram of a TRIODE
PHASE DETECTOR is shown in Figure
12. In this afc system the frequency
and phase of the sync pulses are
compared with the sawtooth volt-
age obtained from the output of
the horizontal amplifier. The out-
put of the phase detector provides
the necessary control of the hori-
zontal oscillator.

The principle of operation is
based on the manner in which the
tube operates with grid current.
The flow depends directly on the
potential applied to the plate of
the tube. With the plate voltage
dropped to zero, a maximum elec-
tron flow occurs in the grid circuit.
Conversely, with an increase of
plate voltage, there is a correspond-
ing decrease in grid current.

As shown in Figure 12, negative
sync pulses are applied to the V,
cathode. C; has a bypassing effect
on the sync pulses and, therefore,
effectively grounds the grid. The
pulses make the cathode negative
with respect to grid. Since this is
equivalent to making the grid posi-
tive, grid current flows and charges
C, to the polarity shown.

Between pulses, C, slowly dis-
charges through R, and R;, keep-
ing the grid negative with respect
to ground. At the same time the
sawtooth voltage applied to the
plate causes cathode to plate con-
duction and develops a voltage
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across R; which is positive with
respect to ground. This cathode
bias opposes the C, discharge volt-
age drop across R;. As a result, the
voltage on the V, grid which is ap-
plied as a correction voltage to the
multivibrator, is determined by
both wave-forms. The R¢C; net-
work is placed in the oscillator

in the multivibrator frequency pro-
duces the phase relations shown in
Figure 13B. The sync pulses occur
at the cathode when the sawtooth
is increasing in a positive direction.
This causes an increase in plate
current and a decrease in grid cur-
rent. The plate current through R;
develops a voltage positive with

V23-GKGGT-HORIZ . SCAN. 05C —

T7- HORIZ.OUTPUT TRANS.

¥29-1B3GT HIGH VOLT. RECT.

R

T9-VERT. BT O

VI9- 12AUT-HORIZ. SYNC. LIMITER &
HORIZ. DISCHARGE TUBE.
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T6 - VERT. OUTPUT
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A top chassis view of vertical and horizontal defiection circuits. The circuits necessary for oscil-
lator frequency control are also included in this unit.

grid circuit to remove noise or
other signals which otherwise would
cause erratic operation of the os-
cillator.

The relationship between the
sync pulses at the cathode and the
sawtooth at the plate determine
the polarity and magnitude of the
correction voltage. A slight increase

Courtesy Scott Radio Lab.

respect to ground, which overcomes
the negative voltage across C,.
Thus a positive correction voltage
is applied to the multivibrator
grid which decreases the frequency.

With a decrease in frequency,
the phase relations of the sync
pulses and sawtooth voltage are as
shown in Figure 13C. The sync
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pulses occur at the cathode when
the sawtooth voltage at the plate
is negative permitting a greater
current flow in the grid circuit.
This develops a higher negative
voltage across C, which is applied
to the multivibrator grid to in-
crease the frequency.

Although the response of the
sawtooth type control systems are
usually not as rapid as that of the
sine wave type, it is sufficiently
effective for many applications.

PULSE-TIME AFC SYSTEM

Another type of afc is the PULSE-
TIME CIRCUIT shown in Figure 14.
The three input wave-forms at the
left are combined into a resultant
pulse, the width of which is de-
termined by the sync pulse-sweep
voltage phase relationship. The re-
sultant pulse is applied to the V,
control grid, and its width deter-
mines the average plate current of
this tube. Proportional to the cur-
rent, a d-c voltage is developed
across R; and impressed on the V,
grid circuit, thereby controlling the
blocking oscillator frequency.

Replacing the usual two-winding
transformer, autotransformer T,
provides the necessary feedback
and, in addition, has an adjustable
iron core to permit control of the
oscillation frequency. Performing
the dual function of blocking oscil-
lator and discharge tube, V. con-
trols the charging and discharging

of capacitor C,;, thus producing
the desired sawtooth voltage.

From the V, grid, there is a d-c
path through R, and R; to ground,
therefore the total bias on V, is
equal to the algebraic sum of the
drop across Ry due to the C, dis-
charge current and the drop across
R; due to the discharge current of
cathode circuit capacitor C,. Dur-
ing the time that the V. grid is
negative, C, discharges through R,
and R, and also through R, and
R; into the upper plate of C¢. How-
ever, Cq is very large compared to
C,, and therefore, it is discharged
only slightly by this current.

The V, plate is operated at a
fairly low positive potential, thus
permitting a small negative grid
bias to cut off its plate current.
Therefore, with its control grid
connected to the junction between
R, and R; and biased by a portion
of the blocking oscillator grid leak
bias developed across these resis-
tors, V, is maintained at cutoff ex-
cept during the sync pulse intervals.

Obtained from the junction be-
tween R, and C,,, the sawtooth
voltage, Ec,, is fed back to point
number (1) in the V, grid circuit.
In order to increase the effective-
ness of this voltage, it is integrated
by resistor R, and capacitor C;
into a wave-form having the shape
of a parabola, as shown by the
number (1) curves of Figure 15.
Obtained from the horizontal de-
flection output transformer, sharp
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negative pulses are impressed at
input number (2), as indicated in
Figure 14, and partially integrated
by R,, Ci, and C; into the wave-
form shown by the number (2)
curves of Figure 15.

Voltage waves (1) and (2) orig-
inate from the same source, and
therefore, their phase with respect
to each other never changes at
the control tube input, though their
shapes are quite different. The
third voltage applied to the circuit
is the horizontal sync pulse. As
indicated, it is applied with posi-
tive polarity at point number (3)
in Figure 14. Capacitors C; and C;
only attenuate the pulse.

When the blocking oscillator fre-
quency changes with respect to
that of the sync pulses, the phase
of voltages (1) and (2) of Figure 15
are shifted with respect to that of
the sync pulses. As indicated in
Figure 15A, when the oscillator
frequency decreases, the most posi-
tive points of waves (1) and (2)
lag the sync pulse, wave (3), and
at point P of Figure 14, the re-
sultant of these three voltages will
have the wave-form of curve (4).

As shown in Figure 15B, when
the oscillator is operating at the
correct frequency, the most posi-
tive points of all three applied
voltages occur at the same instant,
producing the resultant voltage
wave-form of curve (4). Finally,
as shown in Figure 15C, if the os-
cillator frequency increases, the

positive peaks of waves (1) and (2)
lead that of the sync pulse, and the
wave-form of curve (4) is produced.

The entire action of this control
circuit is based upon the fact that
oscillator frequency variations
change the phase relationships be-
tween the applied voltages, and
produce resultant voltage wave-
forms, the positive alternations of
which vary in width, as shown by
curves (4) of Figures 15A, 15B,
and 15C.

In Figure 15, the horizontal
dashed line represents the grid volt-
age level below which the V, plate
current is cut off. As mentioned,
V, is biased beyond cutoff by the
negative voltage across resistor R;.
Therefore, this tube is conductive
only during the short intervals when
the resultant waves (curves 4 of
Figure 15) are able to overcome
this negative bias and drive the
grid positive with respect to the
cutoff level.

With the same wave-forms as
the portions of the grid voltage
above the dashed line in the Figure,
the V, plate current pulses will be
of relatively long duration when
the oscillator frequency is low, Fig-
ure 15A; of medium duration for
the correct oscillator frequency,
Figure 15B; and of short duration
when the oscillator frequency is
high, Figure 15C.

Referring again to Figure 14,
during the conductive intervals of
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V,, the pulses of plate current in
R; and R; produce voltage drops
which makes the cathode positive
with respect to ground. To obtain
a d-c voltage proportional to the
average of these pulses, the large
capacitor Cs, connected from cath-
ode to ground, becomes charged to
the polarity indicated.

During the intervals between
pulses, C, discharges through R;
and R, to maintain the upper ends
of these resistors positive with re-
spect to ground. Because the time
constant CsR¢R; is relatively long,
practically constant voltage drops
are produced across R, and R,.

As the V, grid resistor, R,, is
connected to the junction between
R;s and R, the positive d-c voltage
Er, is in series with the negative
grid leak bias Eg,. Since Eg, is
much greater than the positive bias
Eg,, the normal operation of the
blocking oscillator is maintained.
However, the total bias on the grid
of V, is equal to Egr, less Eg,,
therefore, Eg, determines how neg-
ative the grid of the tube is driven
during each cycle.

That is, with the oscillator grid
return connected to a positive bias
point rather than directly to the
cathode, the grid is not driven as
far negative and it requires less
time for the tube to become con-
ductive again after the plate cur-
rent has been cut off. Thus the
decrease of total negative grid bias
increases the frequency of oscilla-
tion.

The charge on C;, and therefore
the bias Eg,, is directly proportion-
al to the duration of the V, plate
current pulses. These, in turn, are
determined by the width of the
input pulses illustrated by curves
(4) of Figure 15. Therefore, when
the oscillator frequency is correct,
the input pulse of curve (4), Figure
15B, is applied to the V, grid, and
plate current pulses charge C; to a
voltage corresponding to this opti-
mum pulse width. Under these con-
ditions, the algebraic total of Eg,
and Eg; maintains the oscillator at
the desired 15,750 cps.

As explained above, should the
oscillator frequency decrease, the
wider pulse of curve (4), Figure
15A, causes the V, plate current
pulses to have longer duration,
thereby increasing the charge on
C;. This action decreases the net
negative bias on V,, thus increas-
ing the oscillator frequency until
15,750 cps is attained. On the other
hand, should the oscillator fre-
quency increase above 15,750 cps,
the resulting narrow pulses of curve
(4), Figure 15C, produce shorter
duration plate current pulses of V,
and result in a decrease in the
charge on Cs;. Hence, the net V,
grid bias becomes more negative
and decreases the oscillator fre-
quency.

At the beginning of this lesson
it was pointed out that the purpose
of an afc circuit is to maintain cor-
rect sweep oscillator frequency by
averaging many regularly recur-
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ring sync pulses, but to prevent
noise or picture signal components
from affecting the oscillator. These
averaging and undesirable-voltage-
elimination functions are provided
in the circuit of Figure 14 by the
large cathode capacitor, Cs.

However, to obtain better syn-
chronization of the oscillator, a
small component of the sync pulse
is superimposed on the d-c control
voltage and applied to the oscilla-
tor tube grid. A design difficulty
here is that, when a large capacitor
C, is employed alone, it will remove
this desired sync-pulse component
as well as the various undesired
signal and noise components.

To provide the proper action, the
V, cathode circuit consists of two
parts, one with a long time con-
stant and the other with a short
time constant. This arrangement is
obtained by making C; just large
enough to provide the desired pulse
averaging action, but small enough
so that it does not filter the sync
pulses completely. To filter the un-
desired components, a larger ca-
pacitor, C;, in series with the low
value resistor R;, is connected
across Cs.

For the relatively low frequency
signal and noise components, R;
has little effect, and C;, R, and R,
provide a relatively long time con-
stant. However, at the frequency
of the sync pulses, C; is practically
a short circuit, and R; is electrically
in parallel with Cs to provide the

needed short time constant for re-
sponse to the pulses. Thus, at the
instant of the sync pulse arrival,
a small positive pulse is produced
across Rs and R;, and the portion
across R; is applied through R, to
the oscillator grid.

Governing the plate current, the
V, plate voltage may be varied to
alter the blocking oscillator grid
bias, and thus potentiometer R;
serves as a hold control. Capacitor
C; is variable to permit increasing
the pulse voltage input to the V,
grid when the noise level is high or
the received video signal is weak.
Capacitor C; serves to stabilize the
positive bias voltage Egr;, but has
relatively small capacitance so it
will not remove the desired sync
pulse component.

The oscillator plate current
pulses tend to shock-excite the res-
onant circuit and causes a series
of damped oscillations at the fre-
quency to which the coil T, is
tuned by its distributed capaci-
tance. Such oscillation cause the
scanning spot to trace a corre-
sponding pattern on the cathode
ray tube screen. Therefore resistor
R, is connected across one section
of T, to damp out these oscilla-
tions.

GRUEN AFC

The schematic diagram of an
afc system known as the GRUEN
CIRCUIT is shown in Figure 16. The
sweep oscillator is a series-fed
Hartley controlled by a variable
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resistance tube. This system is very
stable in the presence of noise.

A portion of the sweep output is
fed back to the phase detector
where it is compared to the sync
pulses. The output of the phase

RT8-VERT SIZE

R76 - VERT. HOLD

Referring to tube V, of Figure
16, diodes D, and D, are connected
in a balanced discriminator circuit.
Resistors R, and R; of equal value
are connected across D, and D,
respectively. The cathodes of D,
and D, are connected together

RIOT - HORIZ. PEAKING

“T5- HORIZ. HOLD
R83- VERT. LINEARITY

RHZ-HORIZ. POSITIONING
L25- HORIZ. SIZE

“~RII3 - VERT, POSITIONING
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The under chassis view of the unit shown in the preceding illustration.

detector is a d-c voltage fed to
the reactance tube to control the
bias. A change in the reactance
tube bias, caused by a change in
the frequency, returns the oscilla-
tor to the correct frequency.

Courtesy Scott Radio Lab.

while D, plate is connected to
ground.

When negative sync pulses are
applied to the cathode, both diodes
conduct charging capacitor C, to
the indicated polarity.
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Tracing the electron paths, from
D, cathode to plate to the lower
plate of C,; from C,; upper plate
to ground, through the sync pulse
source to the C, negative plate,
and from the lower C, plate to
cathode. For D,, electrons flow
from cathode to plate, to ground,
through the sync source to C, neg-
ative plate, and from the lower C,
plate to cathode.

During the interval between sync
pulses, C,discharge equally through
R.andR ;developing voltageswhich
are equal and opposite with respect
to ground. With equal and opposite
voltages developed across resistors
R, and R;, the output is determined
bv the C,; charge. In order to de-
velop a correction voltage, negative
pulses are fed back from the sweep
output through a low pass network.
The sawtooth voltage developed
by this RsRsC; network is applied
to the discriminator and compared
with the sync pulses.

The phase of the sync pulses and
sawtooth for three operating con-
ditions are shown in Figures 17A,
17B, and 17C. In Figure 17A, the
applied signals are in phase and the
detector output is the C,; charge
voltage. A condition where the os-
cillator is too fast is shown in Fig-
ure 17B. At the moment that the
sync pulse occurs, the sawtooth
voltage is going negative, placing
a negative voltage on the plate
D, and a positive voltage on the D,
plate. This results in more conduc-

tion of D, and less conduction of
D, and C,; charges to a lower volt-
age. Hence, the control voltage is
less negative, and, applied to the
reactance tube V,, this positive
voltage decreases the frequency of
the oscillator.

In Figure 17C, the phase of the
sync pulse and sawtooth voltages
are shown when the oscillator is
low in frequency. The sawtooth
voltage is positive at the D, plate
and negative at D, plate. This re-
sults in greater conduction of D,
and a decrease in conduction of D,.
The net d-c output is more nega-
tive due to the larger voltage on
Ci;. A more negative control volt-
age applied to the reactance tube
V. increases the frequency.

The REACTANCE TUBE V, serves
as a variable resistance in series
with C; and R; across the oscillator
tank circuit. The plate of V, con-
nects to B+ through Rs which
limits the current through the
tube, and resistor R;, bypassed by
C;, carries the combined plate cur-
rent of the horizontal oscillator and
V.. The voltage drop across it sets
the operating point for V..

With a positive voltage applied
to the grid of V., the plate current
increases and the plate to cathode
resistance is decreased. In series
with C, across the tank inductance,
the reduced resistance allows C;
to have greater shunting effect on
the tank inductance, thus resulting
in a lower frequency.
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With a decrease in V, plate cur-
rent, due to a negative voltage at
the grid, the plate resistance will
be high. This higher resistance re-
duces the shunting effect of Cs on
the tank circuit, thus resulting in
an increase of frequency.

Summarizing these Gruen circuit
actions: an increase in the oscillator
frequency causes the phase detector
to apply a positive control voltage to
the V, grid, this positive voltage de-
creases the plate resistance, thereby
increasing the shunting effect of Cs.
As a result the oscillator frequency
decreases. On the other hand, the
Dphase detector output is negative when
the oscillator frequency decreases.
The negative voltage applied to the
V. grid increases the plate resistance
which decreases the shunting effect of

Cs, and therefore increases the oscil-
lator frequency.

The oscillator remains cut off ex-
cept for the positive peak of the
sine wave, and so only a positive
pulse is developed across R;. Cou-
pled by Cu to the Vi gl'id, this
pulse causes a flow of grid current
which charges C,, negative at the
grid end. Between pulses C,, dis-
charges slowly through R, holding
V., plate current at cutoff.

The capacitor C,, charges through
R and Ry; during the interval V,
is cut off, but the next positive
pulse causes V, to conduct and C,,
discharges through the low resist-
ance of the tube. Thus, tube V,
conducts during the pulse and is
cut off between pulses to produce
the necessary deflection wave-form.
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IMPORTANT DEFINITIONS

AUTOMATIC FREQUENCY-PHASE CONTROL—A circuit de-
signed to maintain automatically the correct sweep or deflection
frequency by comparing the phase of the sync pulses with the
oscillator frequency.

AUTOMATIC SYNC CONTROL—See Automatic Frequency-Phase
Control.

HORIZONTAL AFC —See Automatic Frequency-Phase Control.

SERRATION—[si RAY sh’n]—In television the narrow slots in the
vertical sync pulse for maintaining horizontal sync.

SYNCHRONIZED—(SIN kroh nighzd]—Occurring in step, one
with the other.

SYNC PULSE CLIPPER—An electron circuit designed for removing
the sync pulses from a complex wave.

SYNC PULSE SEPARATOR—An RC filter for segregating sync
pulses according to their time durations.
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VIDEO FREQUENCY AMPLIFIERS

In a standard radio broadcast
station, a microphone converts
sound waves to corresponding
changes of electric energy which
then are amplified sufficiently to
modulate the radio frequency car-
rier that is radiated from the an-
tenna. In a superheterodyne type
of receiver, the modulated carrier
is amplified and then mixed with
the output of an oscillator to pro-
duce a modulated intermediate fre-
quency which again is amplified.

The i-f amplifier output is de-
modulated by a detector and the
remaining changes, which corre-
spond to those leaving the micro-
phone, are increased in intensity
by an audio amplifier. Finally, a
speaker converts the changes to
sound waves which closely dupli-
cate those entering the microphone.

Television systems operate on
exactly the same principles but are
designed for light instead of sound.
At the broadcast station, the tele-
vision camera converts the light
and dark areas of a scene into cor-
responding changes of electric en-
ergy. For sound, the frequencies of
these variations go up to approxi-
mately 5000 cycles per second but
for television they cover the sound
frequencies and extend up to ap-
proximately 4 megacycles. This
range is known as VIDEO FREQUEN-
cIEs. Like the sound or audio, the
video frequencies are amplified suf-
ficiently to modulate the radio fre-

quency carrier that is radiated from
the broadcast antenna.

The television receiver operates
on the same plan as those designed
for broadcast radio except that the
r-f, i-f, and v-f amplifier stages
must respond to a much wider band
of frequencies. This is especially
true of the video amplifier which,
like the audio amplifier in a radio
receiver, 1s connected between the
detector and output circuits. Thus,
the video amplifier increases the
intensity of the video frequencies
from the detector output to the
level required on the picture tube
control grid.

Because the video frequencies
cover a range from less than 30
cycles per second to approximately
4 megacycles, the circuit must be
designed to provide uniform gain
over this wide band. Since it is im-
practical to design an inductance
which permits acceptable fre-
quency response at both high and
low frequency ends of the video
band, transformer and impedance
coupled circuits are not employed
in video amplifiers. Although re-
sistance-capacitance coupling is not
ideal, certain corrective measures
enable the resistance coupled cir-
cuit to provide satisfactory v-f am-
plification.

EQUIVALENT
AMPLIFIER CIRCUITS

In electron tube amplifiers, the
various circuit components provide
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either a path for the signal cur-
rents; a means of applying the
proper d-c operating voltages to
the tube elements; or both. When
considering the frequency response,
only the signal paths are of con-
cern, therefore in some schematic
diagrams it is helpful to omit the
components which do not directly
affect the amplification of the sig-
nal voltages. To further help in
understanding how the circuit
works, the plate resistance r;, of the
electron tube may be represented
by a resistor symbol. Such a circuit
diagram 1is called an EQUIVALENT
CIRCUIT.

To show that this circuit dia-
gram actually is equivalent to the
more conventional schematic, sev-
eral steps of the conversion process
are given in Figure 1. Figure 1A
shows a conventional schematic of
a resistance coupled amplifier in
which tube V, is coupled to tube
V. by plate load resistor R, cou-
pling and d-c¢ blocking capacitor
C., and grid resistor R,. Also in-
cluded in this diagram are the cath-
ode circuit components of both
tubes, the low voltage power sup-
ply, and its bypass capacitor C;.

In any single amplifier stage, fre-
quency response considerations
concern the nature of the variations
in output voltage with constant
input voltage over the desired fre-
quency band. Thus, as the V,; out-
put is the signal voltage appearing
across the grid resistor of V., only

this much of the circuit need be
shown in an equivalent circuit dia-
gram. This simplification is illus-
trated in Figure 1B where e, repre-
sents the input voltage, and e, the
output.

In the cathode circuit, resistor
Ry is bypassed by capacitor Ci.
Therefore, except at the lowest fre-
quencies, C, serves as the signal
path, while Ry is needed merely to
maintain the proper d-c¢ potential
on the cathode. Likewise, in the
plate circuit, capacitor C; forms a
path for the signal currents which
are thus bypassed around the plate
d-c supply.

To emphasize the importance of
capacitors C, and C; insofar as the
signal paths are concerned, the dia-
gram of Figure 1B has been re-
arranged in Figure 1C to give them
a more prominent position. Also,
the plate resistance of V, is repre-
sented by resistor r,. The a-c plate
voltage is of greater magnitude
than the input voltage e,. To rep-
resent this process the tube is con-
sidered as an a-c generator as indi-
cated by the letter ““G” inside the
tube symbol.

At the very low frequencies, the
reactances of capacitors Cy, C;, and
C. are relatively high and their
effects on the output of the ampli-
fier will be explained later in this
lesson. However, at all other fre-
quencies, the reactances of these
capacitors are so low that they can
be neglected, with the cathode of
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the tube and the B+ end of R,
being considered at ground poten-
tial so far as the signal voltages are
concerned. In other words, R, and
the B supply are thought of as
being “shorted’’ by the bypass ca-
pacitors.

Medium Frequencies

These conditions are indicated
in the arrangement of Figure 1D
which represents the “‘equivalent
circuit” of the amplifier at medium
frequencies. Since the “shorted”
components have no effect on the
signal voltages, they are omitted
and the tube, simplified to the sym-
bol of an a-c generator “G,” to-
gether with the B+ end of resistor

Small coils wound directly on the resistor which
shunts them ore used for frequency compensation
in television receivers.

R.. are grounded directly through
the low reactance paths provided
by the bypass capacitors as ex-
plained. Therefore, since they have
no effect on the signal, R, and the
B supply are omitted in Figure 1D.
Also having negligible reactance at
medium frequencies, coupling ca-
pacitor C. is omitted, with R and
R, connected directly to r,. Thus,
insofar as the signal is concerned
at medium frequencies, R, and R,

are actually in parallel across the
output of the amplifier stage.

In Figure 2A, the circuit of Fig-
ure 1D is redrawn with R,, repre-
senting the equivalent resistance
of R, and R, in parallel. The volt-
age applied by generator G is equal
to the a-c grid voltage e, multiplied
by the amplification factor » of the
tube and, therefore, it is shown as
ue.. To clarify the conditions in
the output circuit the symbols are
rearranged again in Figure 2B to
show that the alternating plate
current I, is determined by the
amplitude of the applied voltage
ve, and the total resistance of r,
and R, in series.

For a triode amplifier tube, with
its comparatively low plate resist-
ance, I, may be stated in terms of
Ohm’s Law as:

My
T r + Ry
Solving the equation for e, gives:
3 I, (r, + R.)

I,

e,
u

Also, using Ohm’s Law, the output
voltage e, may be calculated from:

ey = II>RH|'

The voltage gain or amplification
of any stage is the ratio of the
output signal voltage e, to the
input grid voltage e,. Written as an
equation, the amplification A. is:

€
A, =—.

€q
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That is, with a signal output,
€o, of 100 volts and input, e, of 4
volts, an amplifier has a gain A,
equal to 100 +4, or 25.

By substituting the right mem-
bers of the equations for e, and e,
in the preceding equation, the stage
gain of the resistance coupled triode
amplifier can be expressed in con-
venient terms as follows:

I, R
"I, r, + Ry)
1
which can be rearranged to:

A, = “\R”‘
r, + R,

Expressed in words, this equa-
tion states that AT mip FREQUEN-
CIES THE AMPLIFICATION A, IS DI-
RECTLY PROPORTIONAL TO THE MU
OF THE TUBE AND THE EQUIVALENT
RESISTANCE OF THE PLATE LOAD
R, AND INVERSELY PROPORTIONAL
TO THE SUM OF R, AND R,,.

For a pentode amplifier tube,
the plate resistance is so high com-
pared to the load resistance that
the alternating plate current is de-
termined almost entirely by e,
and r,. In this case, the equation
for I, may, be written as:

Hey
I, = —.
rp
Solving for e,
r, I,
e = .
1

Therefore, substituting the right
members of the equations for &
and e, in the gain equation states
the stage gain of the resistance cou-
pled pentode amplifier as:

ID R“q

A, =
r, I,

)

m
which reduces to:

and can be written as:

u
A\' = X R(-q-
r,

Since the grid-plate mutual con-
ductance of a tube is equal to:

G =X

Ip

G., can be substituted for u/r, in
the equation to give:

A, = G.R.,

as a simple expression for the gain
of a pentode stage.

This equation states that THE
VOLTAGE AMPLIFICATION A, IS DI-
RECTLY PROPORTIONAL TO THE MU-
TUAL CONDUCTANCE G,, OF THE
TUBE AND THE EQUIVALENT RE-
SISTANCE OF THE PLATE LOAD R,,.

Low Frequencies

As mentioned, capacitors C,, C;,,
and C, of Figure 1A affect the am-
plifier response at low frequencies,
therefore all of these could be in-
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cluded in a diagram of the equiva-
lent amplifier circuit at low fre-
quencies. However, the effects of
Ci and C; are so slight compared
to that of coupling capacitor C,
that usually it is the only one in-
cluded as shown in Figure 3A.
Under these conditions, resistors
R. and R, no longer can be con-
sidered in the simple parallel rela-
tionship that they have at medium
frequencies.

To make a comparison with the
circuit of Figure 2B, the equivalent
circuit of Figure 3A has been re-
arranged as shown in Figure 3B.
Here, the output voltage e is not
equal to the I, R., given for medium
frequencies but is equal to the drop
across R; minus the drop across
coupling capacitor C.. Thus, at low
frequencies, the increased react-
ance of the coupling capacitor re-
duces the output voltage e,. How
much reduction occurs depends
upon the ratio of the coupling ca-
pacitor reactance to the resistance
of the grid resistor R, in series with
the parallel combination of R}, and
r,. As a general ratio, the low fre-
quency output may be expressed
as:

A, at low frequencies

A, at medium frequencies
1

V1+ (Xce/Ry)?
when—

Xee = 1/ (27fC.) = reactance of
coupling capacitor C,

4 RI. Irp
* TR+ Re
resistance of R,, Ry, and r,.
For example, if X, =R,, then the
low frequency output voltage is

70.7% of the medium frequency
value.

R, =R = equivalent

Tube Capacitances

A small but definite capacitance
exists between the various elements
of an electron tube, since each ele-
ment functions as a single plate of
a simple capacitor. Other capaci-
tances and capacitance effects also
are associated with a tube in a
circuit. The total for all of these
may be divided into two general
classifications: (1) INPUT CAPACI-
TANCE C, and (2) OUTPUT CAPACI-
TANCE C,,.

The input capacitance C; may
be divided into four components:
(1) the cold input capacitance C.,
(2) the hot input capacitance C,,,
(3) the effect of the grid-to-plate
capacitance C,,, and (4) the stray
capacitance C,.

The COLD INPUT CAPACITANCE
consists of the grid-to-cathode ca-
pacitance plus that of the control
grid to any other grounded ele-
ments such as the suppressor and
screen grids. This is the value ob-
tained when measurements are
taken with the tube biased to cut-
off.

The HOT INPUT CAPACITANCE is
actually a grid circuit condition due
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to the effect of the normal flow of
emitted electrons from the cathode
to the plate of the tube. Approach-
ing the grid they repel other elec-
trons already in it, causing them
to move through the external cir-
cuit in a direction toward the cath-
ode. After the emitted electrons
pass the grid and are moving away
from it towards the plate, the dis-
placed electrons return through the
external circuit to their original
position. This movement of elec-
trons in the external grid circuit is
called a DISPLACEMENT CURRENT.

With the control grid maintained
at a constant potential, there is no
variation in the number of emitted
electrons which leave the cathode
and pass through the grid on their
way to the plate. Thus, with an
equal number of electrons moving
toward and away from the grid,
there is no displacement current in
the grid circuit.

Repeating the explanations of
the earlier lessons, the flow of elec-
trons between the cathode and
plate is controlled by the grid po-
tential. As the grid is made more
positive, the flow is increased and
as the grid is made more negative
the flow is decreased. Thus, while
a signal voltage is driving the con-
trol grid more positive and the
flow of emitted electrons is increas-
ing, there will be more of them
moving toward the grid than away
from it. Under these conditions,
the displacement flow of electrons

in the grid circuit will be toward
the cathode.

When the signal voltage reverses
polarity and is driving the control
grid more negative, the flow of
emitted electrons will decrease and
there will be more of them moving

The 6ARS has a Gm of 2400 imhos which mokes
it suitable as the video amplifier output stage.

Courtesy Hytron Rodio and Electronics Corp,

away from the grid than toward it.
Under these conditions, the flow of
displacement electrons in the ex-
ternal circuit will be toward the
grid. Thus, when an a-c signal volt-
age is applied to the control grid
circuit, variations in the instan-
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taneous numbers of emitted elec-
trons moving toward and away
from the region of the grid cause
an alternating displacement cur-
rent in the external grid circuit.

This displacement current leads
the applied grid voltage, e,, by 90°,
and therefore, it produces the
equivalent of the condition in a
capacitive circuit. Since this con-
dition exists only when a signal
voltage is applied, the final result
is the same as though a capaci-
tance, which would permit the same
displacement, was physically added
to the grid circuit.

The GRID TO PLATE CAPACITANCE
may be expressed by the term
C..(1+A,), where A, equals the
stage gain. For a triode tube hav-
ing grid-to-plate capacitance of 4
micromicrofarads and a gain of 24,
this component of C; is 4(1+24)
=4 %25 =100 micromicrofarads, a
large enough capacitance to be of
considerable importance. Pentode
tubes have comparatively small
values of C,,, therefore the added
capacitance due to this effect is
much less important.

The fourth source of C; is the
STRAY CIRCUIT CAPACITANCE be-
tween the socket connections, grid
leads, and chassis, etc. In the form
of an equation, the total input ca-
pacitance of an electron tube may
be stated as:

Cl = C(‘-l ‘+‘ Ch( + Cup(l + A\) + Cs'

The ourpuT capaciTanceE C,,
consists of the tube plate-to-

cathode capacitance plus all others
in shunt with the output circuit,
such as capacitance between the
plate and suppressor grid, the plate
and screen grid, the plate leads and
the chassis.

High Frequencies

At high frequencies, the tube
capacitances have an important ef-
fect on the amplifier gain. In Figure
4A, capacitors C,, and C; represent
the V, output and V., input capaci-
tances, respectively. Considering
the B + at signal ground potential,
C. is in parallel with R, and C;
is in parallel with R,.. Following the
plan of Figure 1, the components
of Figure 4A have been rearranged
into Figure 4B and then to Figure
4C where C represents the total
capacitance of C,, and C; in parallel
and R., represents the total resist-
ance of R, and R, in parallel.

In Figure 4C, the total load im-
pedance Z;, consists of R., in par-
allel with C and, in the form of an
equation, its value may be stated
as:

ZL B R‘.q X X(‘vr

\//Rt-qg _+' )(("l‘2
where R., = (RiR,)/(R. + Ry
X('T = 1/ (21rfC1)

CT = Cl + Cn
Substituting Z;, for R.,, in equation
A\' = GmRt-q:

A\' = GmZL
which is the expression for the
high frequency amplification of a
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resistance coupled pentode stage.
However, the load impedance Z;
depends upon the reactance Xcr
which, in turn, varies inversely
with frequency. Therefore the
higher the frequency, the lower the
gain.

As a general ratio, the high fre-
quency response may be expressed
as:

A, at high frequencies

A. at medium frequencies

1
V14 (Re/Xeq)?
where X¢, =1/ (2#fCy) = react-
ance of total shunting
capacitance C-
R+ = equivalent resistance

of R,, Ry, and r, all
in parallel.

For example, when X, =R, the
high frequency output is 70.7% of
its medium frequency value.

FREQUENCY DISTORTION

In general, r-f, i-f, a-f, and v-f
amplifiers are designed to operate
with uniform amplification over
definite bands of frequencies to
provide “flat top” response. Any
variation in the gain of an ampli-
fier, within its desired pass band,
is called frequency distortion. The
frequency range or width of the
required pass band varies widely
in the different services. For exam-
ple, standard AM broadcast sta-
tions are allocated a 10 ke¢ chan-

nel, FM broadcast stations a 200
kc channel, and television broad-
cast stations a 6 mc channel. The
common forms of r-f and i-f ampli-
fiers include tuned circuits designed
to provide an approximately even
response over the required band
pass, the range which is but a com-
paratively small percentage of their
mean operating frequency.

For example, the common 455
ke i-f amplifier in a superhetero-
dyne broadcast radio receiver has
a 10 kc pass band from 450 kc to
460 kec. Thus it requires only a
1.1% increase and decrease of 455
ke to cover the band. In this same
type of receiver, the audio ampli-
fier has a pass band of about 50
cycles to 5000 cycles which is ap-
proximately half the frequency
range of the i-f amplifier. However,
the highest frequency is 100 times
as great as the lowest frequency.
For a high fidelity audio amplifier,
with a pass band of 30 to 15,000
cycles per second, the highest fre-
quency is 500 times as great as
the lowest frequency.

As explained previously, the
video amplifier of a television re-
ceiver should have a pass band of
30 cycles to 4,000,000 cycles per
second in which the highest fre-
quency is 133,000 times as great
as the lowest frequency. To pro-
vide a pass band of this width, the
resistance-capacitance coupling cir-
cuits of the amplifier must be com-
pensated to offset the inherent
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capacitance effect which reduce the
gain at the higher and lower fre-
quencies. As the causes of low fre-
quency attenuation differ from
those of high frequency attenua-
tion, they are explained separately
in the following paragraphs.

Low Frequency Attenuation

In the video amplifier circuit of
Figure 5A, the input e, is applied
through capacitor C. to the grid of
tube V,, the output of which is
coupled through choke L, and ca-
pacitor C,. In a circuit of this
type, there are four main causes

Many nuclear instruments also require wide range
amplifiers to amplify the short pulses encountered
during normal application. This particular instrument
measures the time required for o predetermined
number of particles to ionize a Geiger tube.

Courtesy Tracerlab Inc.

for reduced amplifier output at the
low frequencies. The first cause is
that a PORTION OF THE APPLIED
VOLTAGE E; IS DROPPED ACROSS THE
INPUT COUPLING CAPACITOR C, and
the remainder across the grid re-
sistor R,. That is, C. and R, make
up a voltage divider so that e; is

divided into the two parts, e... and
er, as indicated. Thus, the signal
voltage across the grid resistor is
somewhat less than the total ap-
plied voltage e;.

At medium and high frequencies,
the reactance of C. is so low that
the voltage drop e, is negligible
and practically all of the input e,
appears across R,. However, AT
THE LOW FREQUENCIES, THE RE-
ACTANCE OF C. is greater and the
voltage drop e, is a considerable
fraction of the input signal e;.

The second cause is due to the
fact that THE CATHODE CIRCUIT
IMPEDANCE INCREASES AS FRE-
QUENCY DECREASES. The cathode
circuit impedance Z, may be ex-
pressed mathematically as follows:

Rk XCk
\/Rk2 + X(‘k"’

in which Xc, is the reactance of C,.

Z, =

, this react-

Since Xy equals
tCy

ance rises with decreasing frequen-
cy and, therefore, Z, increases when
the frequency decreases.

So far as the signal voltage ex, is
concerned, the grid-cathode part
of the tube is in series with the
parallel cathode circuit compo-
nents, R.C,. This results in ey,
being divided into the fractions e,
and er, as indicated. That is, the
voltage divider action occurs again,
and the fraction er, is lost as far
as amplification is concerned.
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Therefore e, is the only part of
the input signal voltage actually
applied between the grid and cath-
ode of the tube, and it is desirable
that the cathode circuit impedance
have a low value so that eg, is
small and e, is a large fraction of
€R,.

The third cause is due to THE
INCREASE IN THE SCREEN GRID CIR-
CUIT IMPEDANCE WITH DECREASE
IN FREQUENCY. Capacitor C, should
maintain the B+ end of resistor
R, at signal ground potential so
that R, and screen bypass C, are
effectively in parallel for signal cur-
rents. This is indicated by the
dashed line connecting R, and C..
Therefore, the screen grid circuit
impedance Z,, can be stated mathe-
matically as follows:

R. X,
VR + Xe,?
in which X¢, is the reactance of
capacitor C,. Also, as in the cath-
ode circuit, impedance Z., becomes
higher with decreasing frequencies.
The increase of Z., at low fre-
quencies causes fluctuations of the
screen direct voltage, and the re-
sulting variations of current cause
the screen potential to swing to-
ward negative when the control
grid is swinging toward positive,
and vice versa. This action reduces
the effect of the control grid on the
plate current, and therefore, it is
a type of degeneration.
The fourth cause of low fre-
quency attenuation is THE VARIA-

Zy,.

TION OF THE REACTANCE OF THE
POWER SUPPLY FILTER COMPO-
NENTS. This reactance increases
with decreasing frequency, result-
ing in degeneration like that ex-
plained for the screen grid circuit.
However, the power supply affects
both the screen and plate voltages.

Low Frequency Compensation

Still referring to Figure 5A, with
proper choice of components, the
voltage divider action of C.R; can
be reduced. The capacitance of C.
is made large so that its reactance
is small, and the lost voltage ec,
is as low as possible. Also, to cause
most of e; to appear across R,, a
large grid resistance is used.

The attenuation due to the cath-
ode circuit impedance is minimized
in one of the following ways:

1. Eliminating Ry and C, and
grounding the cathode—either grid
leak or fixed bias then being used.

2. Eliminating C,. This results
in a loss in stage gain due to the
degeneration effect of the un-
bypassed cathode resistor, but the
loss is constant over the frequency
band.

3. Making the capacitance of Cy
very large and accepting the small
low frequency attenuation which
still occurs.

The screen grid circuit of the
video amplifier may be corrected
by employing a bypass capacitor
C, with a large capacitance. A
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fourth measure employed for cor-
rection of low frequency response
is the compensation network RC;.
For signal frequencies, capacitor
C, effectively grounds the B + end
of R so that this resistor and C;
are in parallel as indicated by the
connecting dashed line.

As in the cathode and screen
grid circuits, the parallel combina-
tion R(C; has an impedance Z;
which rises with decreasing fre-
quencies. However, Z; is in series
in the plate circuit and therefore
results in an increase in total plate
load impedance with decreasing
frequencies. Being proportional to
the plate load impedance, the gain
of the amplifier is higher at low
frequencies than at medium fre-
quencies. Thus, R;and C; compen-
sate for the low frequency attenu-
ation in the grid, cathode, and
screen circuits of the video ampli-
fier tube, and for that due to the
power supply filter components
also.

High Frequency Attenuation

In Figure 5A, C,, represents the
output capacitance of V,, and C,
the input capacitance of the follow-
ing stage. As explained, the react-
ance X, of C, and C, in parallel
is a component of the total load
impedance Z,, in the plate circuit
of the tube. The total impedance
of a parallel circuit is determined
mainly by the impedance of its
smallest branch. Therefore, at the

high frequencies, Z, is approx-
imately equal to X.,. Since X,
decreases with rising frequency,
Z,. and the stage gain are reduced
as the frequency increases. Thus,
the output capacitance C, and the
input capacitance C,; cause the
greatest high frequency attenua-
tion.

High Frequency Compensation

For a given amplifier <zircuit,
there is a certain high f :quency
f.at which X,.. is equal to R, and
the output is 70.7% of its medium
frequency voltage. However, since
X, is inversely proportional to
frequency, the higher the desired
value of f,, the lower the reactance
of X, and the lower must be the
resistance of R.. if the output is
not to drop below the 70.7% value.

Since r, and R, are determined
by the tubes employed, R, may
be reduced only be decreasing R...
In fact, in order to obtain wide
band amplification, Ry must be
made so low that the tube plate
resistance r, and the grid leak re-
sistance R, may be disregarded
and the equation reduces to:

Av = GIIIRL’

which is the expression for the
medium frequency gain of a wide-
band amplifier.

Thus, in Figure 5A, if V, has a
transconductance of 1650 micro-
mhos (.00165 mho) and Ry, has a
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value of 100,000 ohms, the medium
frequency gain will be: A, =.00165
x100,000 or 165.

Assuming a total shunt capaci-
tance of 16 micromicrofarads, at
100 ke X, is approximately equal
to R and the output is 70.7% of
its medium frequency voltage. For
higher frequencies, Xep will de-
crease and there will be a corre-
sponding decrease in the amplifier
output.

X 2500 or 4.1, which is only 1/40
of that obtained when R, was
100,000 ohms.

As this equation shows, stage
gain is proportional to transcon-
ductance as well as plate load re-
sistance. With this in mind, tubes
such as the type 6AC7 have been
specially designed for television use.
Indicating the grid control over
plate current, the transconduct-
ance of the 6AC7 is very high with

A wide band amplifier designed for rack mounted equipment.

At 4 me, X, will be equal to
approximately 2500 ohms and in
order to obtain an output equal to
70.7% of the medium frequency
value at this frequency, R; must
be made the same value. However,
then the stage gain is A, =.00165

Courtesy Technology Instrument Corp.

a G,, of 9000 micromhos or .009
mho.

In Figure 4A, if the total shunt-
ing capacitance is 25 wufd, the re-
actance at 4 mc is 1600 ohms,
With a 6AC7 type tube for V, and
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a 1600 ohm resistor as R, the gain
is .009 x 1600 or 14.4, with a 4 mc
output equal to 70.7% of the me-
dium frequency value. Thus, al-
though it is low compared to the
gain of audio amplifiers, video
stage amplification must be sacri-
ficed because of the wide band fre-
quencies to be passed.

Due ta its very high Gm, 9000 micromhas, the 6AC7
can pravide sufficient TV receiver video gain as o
single stoge omplifier.

Courtesy Sylvania Electric Praducts Co.

Besides low resistance plate load
resistors and high transconduct-
ance tubes, special methods of in-
terstage coupling are used to com-
pensate for the attenuation of high
frequencies. One method is to con-

nect coil L,, Figure 5A, in series
with R;, as shown. The reactance
of L, rises with frequency, causing
an increase in total load impedance
Z,. and, therefore, stage gain.

In circuits in which coil L, is not
employed, capacitance C; adds to
C, to give a total shunt capaci-
tance C+. Neglecting R, C+ forms
a parallel circuit with L, the in-
ductance of which is so chosen that
this parallel circuit is resonant at a
frequency f,, somewhat above the
band over which uniform response
is desired. Thus, as shown by the
curve of Figure 5B, the amplifier
response will reach a maximum at
f. and will be flat over the desired
range of high frequencies. Because
of the rise in the response at f,,
coil L, is called a PEAKING COIL,
and since L, is in shunt with C,
and C;, this method of high fre-
quency compensation is called
SHUNT PEAKING.

Known as SERIES PEAKING, an-
other system employs the coil L,
connected as shown in Figure 5A.
In circuits where L, is not em-
ployed, the lower end of R, is
maintained at signal ground poten-
tial by capacitor C;. L, isolates C,
and C,, and therefore, only C, is
directly in parallel with R,.

Here the resistance of R; may
be chosen with reference to the re-
actance of C, and, as this reactance
is higher than that of C,+C,, R,
may have more resistance, result-
ing in a higher stage gain. At the



Video Frequency Amplifiers

Page 17

high frequencies, the reactance of
coupling capacitor C, is negligible,
and the inductance of L. is chosen
so that this coil and capacitance
C: form a series resonant circuit
from the plate of V, to ground. L,
and C, are made resonant to some
frequency f, above the video band
and thus the voltage across C; is
maximum at f,, as indicated by the
output-vs-frequency curve of Fig-
ure 5B.

Still greater amplification may
be obtained by using both coils L,
and L., in which case the system is
termed SERIES-SHUNT PEAKING. As
before, coil L. forms a series reso-
nant circuit with C;, while L, forms
a parallel resonant circuit with C,,
both circuits being tuned to a fre-
quency somewhat above the video
band. This arrangement permits
the resistance of R to be as much
as 1.8 times that used in simple
shunt peaking, with the stage gain
being increased in like proportion.
A disadvantage is that this system
is critical with respect to the com-
ponent values and the ratio of C,
to Ci. Unless this ratio and the
various components are exact, the
high gain is not obtained.

As an example of the use of fre-
quency compensating components
in commercial equipment, Figure 6
shows the video frequency ampli-
fier circuits of a typical model tele-
vision receiver. Operating as a di-
ode detector, the V, section of a
double triode tube functions as the

video detector having the load re-
sistor R, and shunt peaking coil L.
The output of the detector is taken
from the plate end of L, and cou-
pled directly through series peak-
ing coil L, to the grid of the first v-f
amplifier V..

Although it is not indicated in
the diagram, the output capaci-
tance of tube V,, in parallel with
the load L,R,, forms the i-f filter.
To eliminate low frequency attenu-
ation in its circuit the cathode of
V. is grounded directly. Due to
the direction of current in V,, the
tube end of L, is negative with
respect to ground and the grid bias
for V. is obtained from this point
through L..

The plate circuit of V, contains
shunt peaking coil L;, load resistor
R,, a low frequency compensating
network R;C,. The output from
this stage is coupled through series
peaking coil L; and capacitor C.
to the grid of the second v-f ampli-
fier stage, V;. The plate circuit of
V; includes shunt peaking coil L;
in series with load resistor R;, and
direct coupling through series peak-
ing coil Ls to the grid of picture
tube V4.

From the cathode of V,, the sig-
nal circuit is completed through
capacitor C; to ground. With direct
coupling from the plate of V;, the
grid of V, is at a positive potential
with respect to ground. Therefore,
to secure the proper operating con-
ditions for the picture tube, the
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cathode is made more positive than
the grid by supplying the cathode
with a higher d-c potential from
the slider on potentiometer P,.

Up to this point, methods of
high frequency compensation have
been described in terms of what is
known as “‘circuit network theory.”
However, design engineers also
may approach the problem from
the standpoint of ‘electric wave
filter theory,” in which case the
video amplifier coupling circuit is
considered a low pass filter. Al-
though it may seem strange to deal
with the problem of high frequency
compensation by utilizing a low
pass filter, it must be remembered
that the video coupling circuit must
provide uniform response to all fre-
quencies below the “cutoff” at ap-
proximately 4 mec, and attenuate
all higher frequencies.

Although the details of wave
filter theory are not taken up here,
Figure 7A shows the basic circuit
of the type of filter designed from
this theory for video amplifier cou-
pling circuits. Known as a PI-TYPE,
LOW-PASS FILTER, this arrangement
may be designated also as a MID-
SHUNT, CONSTANT K LOW-PASS FIL-
TER. Briefly, the action is that, as
frequency rises, the reactance of
coil L, increases and the reactance
of capacitors C, and C, decrease in
such a way that the total imped-
ance of the filter remains constant
up to a point called the ‘“cutoff
frequency.” All signals higher than

the cutoff frequency are greatly
attenuated. Mathematical equa-
tions have been derived which per-
mit engineers to calculate the re-
spective values of L,, C,, and C.
for any desired cutoff frequency.

When a sharper cutoff character-
istic is desired, the circuit of Figure
7A may be extended to include two
or more sections connected in series
or cascade. Known as a Two sEc-
TION CONSTANT K FILTER, Figure
7B, is employed commonly in video
amplifier coupling circuits. In prac-
tical receiver circuits, the tube in-
put, tube output, and stray circuit
capacitances replace the capacitors
indicated as C,, C., and C,.

A simplified drawing of this ar-
rangement is given in Figure 7C,
where C, indicates the output ca-
pacitance of the video amplifier
tube, C. the input capacitance of
the cathode ray tube, and C; the
stray circuit capacitance. To ob-
tain constant output, it is neces-
sary that the impedance of the
filter remain constant over the de-
sired frequency band. However, it
is characteristic of this type of
filter to have a rising impedance as
the signal frequencies approach the
cutoff value. To reduce this rise of
impedance near the cutoff fre-
quency, resistor R, is shunted
across L, and resistor Ry is placed
in the load circuit with L.. As
negligible changes of frequency
are caused by changes of resistance,
the presence of the resistors limits
the rise of impedance.
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WEEERE

Many oscilloscopes use extended range ampilifiers in the vertical circuit in order to amplify
equally well most frequencies encountered in the use of the instrument.

Courtesy Hickock Electrical Instrument Co.

Figure 7C has been arranged to cuit of Figure 7B. However, in
show how the various filter comn. actual schematic diagrams of video
ponents correspond to their respec- amplifier coupling circuits, the ar-
tive counterparts in the basic cir- rangement of Figure 7C will seldom



Page 20

Video Frequency Amplifiers

be found, as these diagrams are
drawn on the plan of Figure 7D.
Here, the filter capacitances are
not indicated, and with the other
components rearranged, there ap-
pears to be little likeness between
this coupling circuit and the filter
of Figure 7B. However, close in-
spection of both shows them to be
electrically equivalent. In Figure
7D, L, and L. are in series with
their junction coupled by capaci-
tor C, to the grid of tube V.. The

L2

therefore the electric location of R,
is the same in both circuits.

Two-section, constant K filters
are employed in the v-f amplifier
section of the typical receiver of
Figure 8. This receiver has two
stages of v-f amplification between
the diode detector V, and the pic-
ture tube V,. Between V, and the
first v-f amplifier tube V., the filter
consists of coils L. and L, the out-
put capacitance of V, plus that of

1] e k=07
10 mmn \ I
T~ T K=0.5
R SN
K=0.3 N A\\

Ls

b= CrR2

RELATIVE GAIN
o

»

K=CONSTANT
Ls=SHUNT INDUCTANCE

Ct=TOTAL CAPACITANCE
.2 R_L=LOAD RESISTANCE

Kel] A

RELATIVE FREQUENCY

The gain curves of o shunt compensated amplifier for three different inductances.

output capacitance of V, forms the
first capacitor of the filter, the
input capacitance of V. forms the
second capacitor, while stray ca-
pacitance between the supply end
of L. and chassis form the third
capacitor. R, is connected in par-
allel with L, as in Figure 7C, and
for signal frequencies, the B+ end
of R, is grounded through C;,

capacitor C,, the input capacitance
of V, and the stray capacitances
between the supply end of L, and
the chassis. Resistors R, and R.
correspond respectively to R, and
R.. of Figure 7D. In Figure 8, R.
serves also as the load resistor for
the detector.

A second filter, used as the cou-
pling circuit between V. and the
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video output amplifier, V; con-
sists of L,, L;, aud the various tube
and stray circuit capacitances. As
explained above, resistor R, pre-
vents the impedance of the first
filter section rising near cut off.
In like manner, R, prevents rising
of the impedance of the second
filter section and also serves as the
plate load resistor for V.. Resistor
R; and capacitor C, function as a
low frequency compensating net-
work.

The frequency response of the
V. stage is somewhat adjustable by
means of the terminal strip and
jumper arrangement which permits
capacitor C; to be connected into or
omitted from the circuit, as de-
sired. With the Jjumper across ter-
minals 1 and 2 of the terminal
strip, C; is connected in parallel
with cathode resistor R;. With the
jumper across terminals 2 and 3,
C; is disconnected from the circuit.

Between V; and the picture tube,
a third two-section constant K fil-
ter consists of tube and circuit
capacitances, coils Ls and L, and
loading resistors Ry, and R,,. In
this receiver, the cathode of the
picture tube is connected directly
to ground, and the grid is made
negative with respect to the cath-
ode by its connection through R,
Ri, Ry, and Ry, to the slider on
potentiometer P,

CATHODE COUPLING

In the various types of circuits
explained up to this time, the input
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signal has been applied to the grid
circuits of the tubes and the output
signal taken from their plate cir-
cuits. However, it is possible to
apply the input signal to, or take
the output signal from the cathode
circuit of a tube. Such an arrange-
ment is known as cathode coupling.
It is used where it is desired to
connect the tube to a low imped-
ance input or output circuit when
the frequency range of the signal is
S0 great that the ordinary type
matching transformer is impracti-
cal. Thus, the basic function of a
cathode coupled electron tube is a
matching transformer. A circuit in
which the output is taken from the
cathode is called a CATHODE FOL-
LOWER,

Both the grid and plate circuits
of a tube have high impedance,
while the cathode circuit has low
impedance, Therefore, in order that
a stage provide the desired im-
pedance matching action, its cath-
ode circuit must be employed for
either input or output coupling.

For example, the output of a
high impedance unit is coupled to
the grid circuit of a follower stage,
the cathode circuit of which is
coupled to a low impedance unit,
Working the other way, the output
of a low impedance unit is coupled
to the cathode circuit of an electron
tube stage, the plate circuit of
which is coupled to the input of a
high impedance unit. With either
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arrangement, the cathode of the
tube must “follow” the signal volt-
age variations and consequently a
cathode bypass capacitor is not
employed.

When the output is taken from
the cathode circuit of the follower,
although supplied its normal B+
voltage, the plate of the tube is
operated at signal ground poten-
tial by means of a plate bypass
capacitor. With this arrangement,
the cathode follower does not am-
plify the signal voltage, the ampli-
tude of the output being slightly
less than that of the input.

When the input is applied to the
cathode circuit, the control grid of
the follower is connected directly
to ground. Such an arrangement
is known as a GROUNDED GRID AM-
PLIFIER.

In the more common types of
amplifier circuits the input signal
is impressed across a resistor con-
nected between grid and ground
while the negative bias voltage is
developed across a resistor con-
nected between cathodeand ground,
but the total or effective voltage is
that which appears between grid
and cathode. In this case, ground-
ing the grid would eliminate the
signal voltage but would not affect
the bias voltage. However, if the
input signal is impressed across the
cathode resistor, both signal and
bias voltages appear between the
grounded grid and cathode.

Comparing the two arrange-
ments, in the conventional circuit,
the bias voltage maintains the
cathode at some fixed positive po-
tential above ground while the sig-
nal voltage impressed across the
grid resistor, causes the grid po-
tential to vary above and below
that of the cathode and ground. In
the grounded grid amplifier circuit,
the grid is held at ground potential
while the signal voltage causes the
cathode potential to vary above
and below its fixed bias value. As
far as the total or effective grid-
cathode voltage is concerned, the
action is similar in both types of
circuits and the signal is amplified
by the tube.

When the cathode of a tube is
used as the input element, the
input capacitance is much lower
than when the grid is used for this
purpose. Therefore, frequently
cathode coupling is employed for
interstage coupling in television re-
ceiver v-f amplifiers to minimize
the attenuation of high frequencies
due to the shunting effects of input
capacitance.

As an example, in the video am-
plifier circuit in Figure 9, video
detector V, is coupled by a two-
section filter to.the grid of v-f
amplifier V.. Resistor R, forms the
load resistor for V, and also func-
tions as the grid resistor for V..
The diode current causes the upper
end of R, to be negative with re-
spect to ground and this negative
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voltage is employed as the grid
bias for V..

A filter, like those used in the
circuit of Figure 8, couples the
plate of V. to picture tube V.. The
output of V. is applied to the cath-
ode of V;, the control grid being

nected through R: to B+, while
the control grid is made negative
with respect to B+ by being con-
nected to the slider on potenti-
ometer P,.

In the video amplifier circuit
shown in Figure 10, the output is

o Ll ‘)v'?.i@:ln-t‘«}‘f A

When used with an oscilloscope and a detector probe, a sweep generator determines the
frequency response characteristics of a video amplifier.

maintained at signal ground po-
tential by capacitor C,. However,
cathode circuit resistor R; is not
bypassed, and therefore the cath-
ode follows the signal voltage vari-
ations. To provide proper d-c volt-
age relations, the cathode is con-

Courtesy General Electric Co.

taken from the cathode circuit of
the cathode follower stage. The
first video frequency amplifier V,
has a shunt peaking coil L; in
series with its load resistor R..
However, L., is not a series peaking
coil, but is tuned to resonance with



Page 24

Video Frequency Amplifiers

C. at 4.5 megacycles, thus forming
a rejector circuit which prevents
the passage of this frequency
through the video amplifier. In
any television receiver, when en-
ergy at the sound i-f reaches the
video detector, it heterodynes with
the picture i-f to form a 4.5 me¢
beat. If the 4.5 mc energy passes
through the video amplifier and is
applied to the picture tube control
grid, it causes closely spaced verti-
cal lines in the raster and gives the
image the appearance of being ob-
served through a screen.

The second v-f stage is the cath-
ode follower, with the input signal
applied to the grid of V,, and the
output taken from the slider on
the cathode circuit potentiometer
P,. The plate is supplied with d-c
voltage through R; but bypass ca-
pacitor C, maintains it at signal
ground potential. This stage does
not function as an amplifier since
the magnitude of the signal volt-
age across potentiometer P, actu-
ally being somewhat lower than
that of the input signal across grid
resistor R,.

As explained, the high frequency
response of a video amplifier de-
pends upon a low resistance plate
load resistor, while a relatively
good low frequency response re-
quires a high resistance grid resis-
tor. However, to permit the viewer
to adjust the contrast of the repro-
duced image, receivers must in-
clude a means of varying the signal

amplitude. A potentiometer em-
ployed for this purpose corresponds
to the volume control in a sound
receiver.

If this CONTRAST CONTROL were
located in the grid or plate circuit
of a video amplifier stage, the fre-
quency response of the amplifier
varies with its adjustment. In the
circuit of Figure 10, the contrast
control is in the cathode circuit
and consists of the comparatively
low resistance potentiometer P,.
The slider can be adjusted to pro-
vide the desired signal level with-
out affecting the frequency re-
sponse. Having the usual fre-
quency-compensating units in its
plate circuit, tube V; operates as
the v-f output amplifier.

A third example of cathode cou-
pling is shown in the video ampli-
fier circuit of Figure 11. The first
two stages are of conventional de-
sign, with detector V,, 1st v-f am-
plifier V,, and v-f output tube V,
coupled by two-section constant K
filters. In the cathode circuit of V.,
rheostat R; functions as the con-
trast control.

In this receiver, all of the v-f
amplification is obtained in the V.
stage, the output stage being oper-
ated as a cathode follower. The
plate of V; is maintained at signal
ground potential by capacitor C,,
and the output, taken from the
cathode, is coupled through C; to
the cathode of the picture tube,
the control grid of which is main-
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tained at signal ground potential
by capacitor Cs;. In this circuit,
cathode follower V; provides a bet.-
ter impedance match between the
high impedance plate circuit of V,
and the lower impedance cathode
circuit of V,,

PHASE DISTORTION

In addition to providing uniform
gain for all frequencies in its pass
band, the video amplifier should
cause equal phase shifts. Review-
ing basic tube action, the a-c com-
ponents of the plate current is in
phase with the control grid voltage
but 180° out of phase with the
plate voltage. Therefore, in pass-
ing through an amplifier tube, the
signal voltage has a theoretical
phase shift of 180°, However, due
to the capacitances associated with
the circuits of a video amplifier,
the signal current-voltage phase
angles are not the same for all
frequencies, therefore the angle of
phase shift varies.

Due to this action, the amplifier
delays some signal frequencies,
with respect to others so that in
the output, the phase angles differ
from those of the input. This time
delay in amplifying a signal fre-
quency in respect to other signal
frequencies is known as PHASE
DISTORTION. In the amplification
of sound signals, phase distortion
is not so important but, in televi-
sion it causes very noticeable and
undesirable distortion of the re-
produced image.

To illustrate this image distor-
tion, the sine wave curves of Fig-
ure 12 represent video amplifier
output signal voltages impressed
across the control grid circuijt of
the picture tube. As explained pre-
viously, variations of control grid
voltage cause corresponding changes
of brightness along the scanned
lines of the image on the screen.
For simplicity it is assumed that
signal between 0 and +10 volts
produce light grey areas, above
+10 volts white areas, between (
and —10 volts dark grey areas
and below —10 volts black areas.

Thus, in Figure 12A, signal volt-
age e, produces the areas shown
along scanning line 1. In the same
way, with no phase distortion, sig-
nal voltage e, With a frequency
twice that of e, produces the
areas shown along scanning line 2.
However, circuit capacitance ef-
fects may cause the higher fre-
quency signal e:, to be delayed
more than €z, In which case the
respective areas or elements along
line 2 occur a definite small interval
of time later than when no phase
distortion exists. When the video
signals pass through several stages
of amplification a total phase dif-
ference of as much as 45 degrees
may be produced as shown in Fig-
ure 12B.

The effe