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PREFACE

The Howard W. Sams’ PHOTOFACT
Television Course appeared originally in serial
form available only to Photofact Service sub-
scribers. Throughout the period of serialized
publication, we were besieged by a consistent
and pressing demand for the presentation of
the Course material in a single, complete unit.
Our analysis of this demand revealed that
requests came from all sections of the
electronic industry - from the fields of educa-
tion, engineering, manufacturing, distribution,
broadcast, installation and service.

The requirements of the servicing
profession prompted our original undertaking
of the Course project. That the Course has
created so widespread and favorable an inter-
est in fields not directly connected with service
activities, is naturally gratifying to us. It is
in answer to this interest and demand that the
publication of the Course in the form of this
present volume has become essential and
inevitable.

We have expended every effort and the
best of our knowledge and skill to provide in
the text of the Photofact Television Course, the
most accurate, timely and complete information
available on the subject. Our objective is
plain; to familiarize those with experience and
training in radio fundamentals with the basic
principles of practical Television theory and
operation.

The method of treatment followed here
differs from the conventional approach in
Television instruction. We make the Cathode-
Ray tube our starting point for the following
reasons:

1. Television circuits (other than those
directly energizing or controlling the cathode-
ray beam) are simply a further application of
techniques already familiar to the service

technician. These circuits are not radically
different. They are more complex than those
associated with conventional and well under-
stood broadcast, short wave, and FM receivers.

2. In the case of AM and FM receivers,
the technician has in the past used the sound
of the receiver for guidance when making his
initial service analysis. Similarly, in the case
of Television receivers, the technician will
employ the picture for his first diagnosis.

3. By employing the cathode-ray tube
as a diagnostic agent, the service technician
can and will reduce the total number of service
operations required, particularly on service
calls away from the shop. In a surprising
number of instances, the story told on the face
of the cathode-ray tube will indicate the source
of trouble.

It follows clearly from these practical
facts that a thorough understanding of cathode-
ray tube operation is absolutely essential for
grasping the subject and for success in service
operations. Therefore,we have placed
primary emphasis on the picture tube and have
approached the whole subject from this vital
starting point.

To those who have a sound groundwork
in basic radio training and practice, the Tele-
vision Course will prove an excellent guide to
a clear understanding of the TV art. This art
is destined for phenomenal growth and expand-
ing development. Our work will parallel that
growth and development. We are in continuous
operation both in the laboratory and in clinical
practice, keeping abreast of developments. You
can be assured that from these activities will
come a steady flow of authoritative data to
meet the full need of the industry for such
material.




SECTION I CATHODE RAY TUBES —BEAM FORMATION AND CONTROL

CHAPTER 1. THE BEAM SOURCE (ELECTRON GUN) - ITS ELECTROSTATIC CONTROL

TELEVISION

Television is a specialized branch of
the radio industry and requires study of the
various types of circuits utilized for the
production of high voltages and special wave-
shapes, together with a thorough knowledge of
the cathode-ray tube.

Modern television receivers are designed
around the cathode-ray tube ... the reason for
this being that every circuit contributes
ultimately to the operation and control of a
tc)athode-ray, commonly known as an electron
eam,

THE CATHODE-RAY TUBE

The cathode-ray tube is essentially a
vacuum tube with special design features to
produce a narrow beam of electrons accelerated
by a large positive potential, and caused to
move at a high velocity toward a chemically
prepared screen which fluoresces when bom-
barded by high speed electrons. The beam
can be deflected and modulated so easily that
it has many properties which are desired in
the art of television.

Television requires the use of two
distinctly different functional types of cathode-
ray tubes; namely, the Camera tube which is
located in the television studio, and the

Picture tube for the reproduction of the
transmitted picture at the receiving end.

The Camera tube converts light energy
into electrical energy which represents the
video signal. This signal from the camera
is amplified and used to modulate a carrier
wave; then, after transmission and reception,
the Picture tube reconverts the video signal
back into light energy for viewing., Trans-
mitted simultaneously with the video signal
are blanking and synchronizing pulses which
hold the horizontal and vertical scanning
circuits in synchronism with the transmitter,
to produce 30 frames per second, each frame
being made up of 525 horizontal lines,accord-
ing to present-day standards.

For ease of comprehension in the study
of television reception, the receiver is broken
down into three major circuit sections which
have independent functions. They are as
follows:

1. Cathode-ray beam formation and
control,

2. Cathode-ray beam deflection systems,
3. Cathode-ray beam modulation and

synchronization,

Figure 1 shows this division in block diagram
form.
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CATHODE-RAY TUBES --

These three master subjects serve as a
guide of what to study, and how to study, and
are in the correct sequence to afford the
reader a clear understanding of what takes
place in a television receiver,

BEAM FORMATION AND CONTROL: Involves
the study of high potentials, testing techniques,
the cathode-ray tube and electron optics.

BEAM DEFLECTION SYSTEMS: Involves the
study of blocking oscillators, free-running
multivibrators and wave-shaping circuits,

BEAM MODULATION and SYNCHRONIZATION:
Involves the study of high frequency broadband
receivers, video detectors, video amplifiers,
and D.C, restorers. The reader is advised
to thoroughly grasp one subject at a time to
prevent confusion and disappointment, The
study will not be difficult if this simple rule
is followed.,

BEAM FORMATION AND CONTROL

Figure 2 shows a simple cathode-ray
tube used in early experiments to develop a
narrow beam of electrons. Emitted from a
hot filament, the electrons proceed forward
under the attraction of a positively charged
plate. Accelerated by this positive charge,
the beam reaches a velocity of many thousand
miles per second, depending upon the force
of this attraction. The equal negative charges
carried by each electron tend to set up a
repelling action that causes the emitted beam
to widen or scatter, However, the small hole
in the center of the anode narrows the beam
and permits some of the fast-moving electrons
to proceed to the end of the tube without
appreciable loss of velocity.

FILAMENT

Fig. 2. Formation of a Narrow Beam of
Electrons. (Early Experimental Form)

The electrons that make up this narrow
beam are traveling too fast for any effective
scattering action to take place, thus causing
a small illuminated spot to be produced on
the fluorescent screen. In the process of

4
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narrowing the beam, the electrons that scatter
are collected by the positively charged anode,
causing a current to flow through the ‘B’
supply circuit. This type of cathode-ray tube
is very elementary, but serves adequately to
facilitate a discussion on the production and
formation of a narrow beam of electrons which
will strike a fluorescent screen developing a
spot of light. The color of the spot depends
upon the type of chemical used on the screen,
For further information regarding the
chemicals in common use for this purpose,
reference should be made to the table which
will appear later in the text.

Cathode-ray tubes used in television are
fundamentally comprised of the following:
(1) An electron beam source; (2) A fluorescent
screen for visible indication; (3) A provision
for varying the intensity, which controls the
brilliancy of the spot; (4) A provision for
focusing the beam on the screen, which
controls the size of the spot, and (5) A
provision for deflecting the beam, which
controls the position of the spot on the screen.

In modern cathode-ray tubes, the electron
source is an indirectly heated cathode or
electron emitter, which is a small cylinder
of nickel about one-eighth of an inch in
diameter and about one-half inch long. This
nickel sleeve is coated on one end with oxide,
which permits a copious number of electrons
to be emitted in the direction of the
fluorescent screen. The heater is a tungsten
wire filament, wound to form a non-inductive
spiral, which tends to cancel any magnetic
field that might affect the electron beam.
The filament coil is insulated and inserted
into the cathode sleeve, and for good heat
conduction to the cathode tube the insulating
material contacts the nickel sleeve. An
illustration of this important element is
given in Figure 3.

NICKEL CATHODE CYLINDER

/
|

f

r( ELECTRON EMITTING
FILAMENT OXIDE

Fig. 3. Heater and Cathode Assembly

GRID CONTROL ELEMENT: The elementary
cathode-ray tube illustrated in Figure 2 has
no controlling element which can limit the
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number of electrons emitted from the cathode.
In television, some means must be provided
for controlling the brilliancy of the picture,
This calls for an additional element, designated
as the control grid, to be inserted between
the cathode and the positively charged anode.
In modern tubes, this element is a metal
cylinder completely enclosing the cathode
element, as illustrated in Figure 4A. The
strategic position of the control grid element
constitutes a_means of controlling the quantity
of electrons admitted into the beam. This,
in turn, limits the number of electrons
impinging on the screen; hence the brilliancy
of the pattern, because the more negative the
control grid is biased with respect to the
cathode, the fewer electrons in the beam, and
the less the intensity of light produced on the
screen, The direction of the electron emission
is governed by an aperture in the disc at the
end of the grid cylinder.

The lines of force of the electrostatic
field developed by the difference of potential
between the two elements, that is, cathode
and control grid, and their effect on the
beam, are illustrated in Figure 4B.

If the voltage on the control grid is made
more negative with respect to the cathode,
fewer electrons will be admitted to the beam.
If the control grid is sufficiently negative,
it will completely shut off or blank out the
beam.

ELECTROSTATIC
FIELD

ORIGINAL DIRECTION
OF BEAM BEFORE

CONTROL GRID

CATHODE

CYLINDER:_|
\i

Fig. 4. Action of Cathode and Control Grid
Assembly.

BEAM FORMATION AND CONTROL

In earlier cathode-ray gun construction,
the negative field of the control grid also
lessened the effect of the positively charged
focus anode located immediately beyond the
control grid and further contributed to the
reduction of the beam. Many present pro-
duction cathode-ray tubes employ a different
physical placement of the anodes to reduce
this inter-action of control grid (brilliance)
and focus adjustments. A complete discussion
of anode function and structure is given later
in this text.

Also, the action of the negative field
associated with the control grid causes the
beam to have a cross-over point after it
passes through the control grid aperture;
refer to illustration 4B.

This cross-over action is similar to a
lens and concentrates the beam of electrons
to a fine point, Hence, the phrase ‘‘electron
optics.”” A close resemblance is given in
Figure 5.

Summing up the foregoing, the control
grid has three functions:

1. Controls brilliancy at the cathode-
ray screen from zero to maximum,

2. Lens action to concentrate the beam
by effecting a cross-over.

3. Provides a means for inserting the
video output from a television
receiver,

A potentiometer is included for varying
the control grid bias and provides manual
control to enable the viewer to adjust the
brilliancy of the picture to a comfortable
level. In oscillography this control is referred
to as the intensity control.

FOCUS CONTROL ELEMENTS: So far, we
have been able to control the brilliancy of
the spot, but yet another control is necessary;
that is, the spot must be brought into sharp
focus. The focusing of an electron beam in
a cathode-ray is similar to the focusing of
light, as illustrated in Figure 6. As under-
stood from previous discussion, the control
grid did focus the beam fo a point slightly
beyond its(control grid)aperture, but the beam
begins to widen again after the cross-over
point; therefore, additional focusing is needed.
In the earlier types of electrostatically
controlled television picture tubes, this was
accomplished by having two cylindrical anodes,
as illustrated in Figure 5,

5
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The two anodes are operated at different
potentials and the lines of force developed
between the two elements establish the lens
action in the following manner. The moving
electrons will be subjected to forces as they
enter the electrostatic field set up by Anode 1
and Anode 2. To understand clearly what
takes place, let us refer to Figure 5.  Here,
the electron beam is seen entering the
electrostatic field developed by a difference
of potential existing between the two anodes.
Coming from point ‘“A,”’ the original cross-
over, the beam enters a new field, As the
electrons cross the first static lines (1) and
(2), Figure 5, the tendency is to change their
course because the forces acting on them are

BEAM FORMATION AND CONTROL

ANODE 2
L-SCREEN ISCREEN
/
CORRECT CROSS OVER CROSS OVER
/FOCUS L~ TOO SOON TOO LATE
. s
BEAM

INCORRECT FOCUS

Effect of an Electrostatic Field on an Electron Beam

repelling to negative charges due to the
potential gradient existing between anodes 1
and 2, Although both anodes are positive
with respect to the cathode, anode 1, operat-
ing at a much lower potential, is negative
with respect to anode 2, creating an electro-
static field which tends to repel the electrons
entering that field.

The electrons, traveling at a high speed,
are gradually bent into a beam, the greatest
repelling force occurring at a point somewhere
between the two anodes. When the electrons
of the beam converge near the axis of the
tube (center), where the lines of force are
running almost parallel to the axis, an

CONTROL LENS
CONTROL GRID ANODE | SYSTEM
EMITTED GRID APERTURE APERTURE OPTICAL LENS
RAY

MOVABLE
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INTENSITY
CONTROL
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Fig. 6.

MOVABLE
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CONTROL

ELECTRONICALLY, THIS IS A VARIABLE
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SCREEN

[ 2 3

SIZE OF SPOT
NO.2 CORRECT FOCUS

4 5

Similarity of Light Ray and Cathode Ray
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acceleration takes place and the electrons in
the beam gain velocity. At the end of anode
2 the field is relatively weak and the
electrons keep their direct course, aided by
the velocity gained while traveling through
anode 2. In this construction, the two anode
cylinders are similar to the grid cylinder,
with the exception of anode 1, which is
generally longer and has two aperture discs
spaced to provide better focus action,

After the beam has passed through anode
2, a second cross-over point takes place.
This second cross-over point should be adjusted
so that it takes place when the beam arrives
at the surface of the screen.

The focus of an electrostatic type
cathode-ray tube, construction of which is
shown in Figure 5, is generally adjusted by
varying the voltage applied to anode 1. This
controls the amount of force the electrostatic
field exerts on the electron beam, and by
rotating the focus control and observing the
screen, it is very easy to bring the beam
into sharp focus.

Before proceeding into a discussion of
variations in anode structure from the type
just discussed and illustrated in Figure 5, it
might be wise to clarify the terminology
existing at present with regard to these
elements.

Since the first cathode-ray tubes em-
ployed in television corresponded to the two
cylindrical anode type illustrated in Figure 5,
the terms ‘“‘first anode,” and ‘‘second anode’
were quite logically used for reference pur-
poses. However, with the advent of new con-
structions wherein more than two anodes, or
physically split anodes, are used, we begin to
have difficulty in titling them by their relative
position in the tube, and it is, therefore,
advisable to label them by their use or pur-
pose. Consequently, anode 1, which controlled
the focus action of Figure 5, can be called
the ““focus anode,”” and anode 2, the higher
otential element, can be referred to as an
‘accelerating anode.”’

ACCELERATING
ANODE
/
CONTROL / DEFLECTION
G/RID PLATES

Fig. 7. Typical Anode Assembly

BEAM FORMATION AND CONTROL

Figure 7 shows a more recent form of
cathode-ray anode assembly in a typical 7-
inch electrostatic tube. As noted in the
illustration, the cylindrical anode adjacent to
the control grid is an accelerating anode
instead of a focus anode as employed in
Figure 5. The circular disc with the rather
large aperture, following the accelerating
anode, is actually the focus anode. The
shorter cylindrical anode combined with the
second circular disc is electrically connected
to the first cylindrical anode and is con-
sidered part of the accelerating anode
structure. The reasons for this construction
are as follows:

1. Removal of the focusing anode from
its position near the control grid lessens any
inter-action between intensity and focus control
adjustments.

2. By proper placement of the focusing
anode, it is possible to make its aperture
larger and thereby reduce the amount of beam
current drawn by this anode, lessening its
effect on the beam intensity.

3. Item 2 is made possible because of
the separation of portions of the accelerating
anode, enabling the insertion of the focusing
anode,

4, In any cathode-ray tubes which em-
ploy appreciable focusing anode current, the
focusing control circuits must use sufficient
bleed current to insure reliable operation.
With the construction outlined in Figure 7, it
is possible to considerably reduce or eliminate
the requirement for bleed currents.

It should be borne in mind that construc-
tion of the tubes may vary according to the
manufacturers’ preferences of electrical
design and physical support of the various
elements,

Summing up, the focus and accelerating
anodes have two functions:

1. Focusing the beam for sharp detail
of the image on the screen. The
focusing is manually controlled.

2. Acceleration of the beam.

GENERAL SUMMATION TO THIS POINT: The
cathode-ray tube requires a high potential
between the cathode and the accelerating
anode. The voltage of the focus anode is
usually around one-fifth that of the accelerat-
ing anode, and is normally variable to provide
a means of focusing. The bias supply to the
control grid also is made variable to provide
a means of controlling the brilliance.

7
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The assembly so far discussed consti-
tutes the electron gun, so called because it
shoots bullets (negative particles) to a screen
or target, Figure 8 shows a typical electron
gun assembly.

BEAM DEFLECTION

ELECTROSTATIC: Now that we have produced
and accelerated the beam and are able to
manually control its intensity and focus, a
means must be provided to give it universal
motion of deflection; that is, a horizontal and
verticle movement within the area of the
fluorescent screen. To obtain this effect, two
sets of deflecting plates, with horizontal and
vertical orientation (see Figure 9), are
mounted in the neck of the tube and so ar-
ranged that the electron beam passes between
the plates of each pair, after it has sped
through the anode structure toward the screen,
The complete assembly of a cathode ray tube
with deflection electrostatically controlled is
illustrated in Figure 10,

8
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CONTROL
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Electron Gun Assembly

Since the electrons in the beam are
negatively charged, their movement will be
governed by the basic law of attraction and
repulsion; that is, ‘‘like charges repel one
another, unlike charges attract one another.”
Therefore, a positively charged plate will attract,
while a negatively charged plate will repel,

An electrostatic field exists between two
adjacent plates of opposite polarity. Referring
again to Figure 9, when an electron is shot
into an electrostatic field whose lines of
force cross its path, the electron has a ten-
dency to drift off of its normal course toward
the positively charged plate. The reason the
electron actually crosses the lines of force is
due to its own momentum, since the action of
the static lines is to pull the electron in their
direction. The high speed at which the elec-
tron beam passes through the static field
delays slightly its deflection, thus preventing
it from hitting the positive plate. Therefore,
the amount the beam is deflected off of its
normal course is dependent on the velocity of
the beam and the strength of the deflecting
field. The horizontal and vertical deflection
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COMBINATION OF VERTICAL AND
HORIZONTAL SYSTEMS.

Fig. 9. Electrostatic Beam Deflection Systems

could be increased by increasing the distance
between the point of deflection and the screen;
this, of course, would increase the physical
length of the cathode-ray tube. It will be

BEAM FORMATION AND CONTROL

tivity of the horizontal deflection plates is
greater than that of the vertical, since the
horizontal plates are further from the screen.
However, when a catnode-ray tube is designed
the velocity of the beam and the position of
the electrodes is fixed; therefore, to increase
the deflection, the deflecting voltage must be
increased.

The distance the beam or spot is moved
across the screen by an applied voltage of
one volt across the deflection plates, is called
the deflection sensitivity.

Another way of increasing the deflection
sensitivity is to increase the length of the
deflection plates so that the static field is
active on the beam for a longer period of
time. In this case it will be necessary to
bend the ends of the plates to form a flare;
see Figure 9.

EFFECT OF A FAST MOVING LIGHT SPOT
ON THE FLUORESCENT SCREEN

The capability of the human eye to retain
an image is about 1/16 of a second after it
disappears. This is indicated by the practice
followed in the projection of motion pictures
where a series of still pictures is projected
on the screen, in such rapid succession that
the eye cannot detect them as separate pictures.
In a cathode-ray tube the beam is swept so
fast that the moving spot appears as a straight

noted in some specifications that the sensi- line. If the beam is swept over the same line
AQUADAG
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or path at least 16 times a second, the spot
appears to the viewer as a continuous line of
light, without flicker. Therefore, if the com-
bined action of the horizontal and vertical
deflection voltages sweeps the beam horizon-
tally and vertically at the same time, a frame
of light will appear on the screen. See
Figure 9. The summation is as follows:

A small spot of light appears at the point
where the electron beam strikes the screen.
If the beam is deflected left to right and top
to bottom very rapidly, the whole screen is
illuminated. In television, this pattern of
light is called a raster,

In early cathode-ray tube practice,
deflection voltage was obtained from single-~
ended amplifiers. One plate of each set of

deflection plates was tied together and, in
turn, connected to the accelerating anode.
When a deflection voltage was applied to the
deflection plates a difference of potential
existed between the accelerating anode and
deflection plates causing a defocusing action
This

and change in velocity of the beam.,
effect is called astigmatism.

CONTROL
GRID

R

BEAM FORMATION AND CONTROL

In present construction of cathode-ray
tubes, separate terminals are provided for
each deflection plate, making possible the use
of push-pull deflection amplifiers. The aver-
age potential remains constant between the
plates of either pair of plates, since the
potential of one plate is increased by an
amount equal to the decrease in potential of
the other plate, This minimizes any defocus
action or change in velocity of the beam.
Some tubes also have a ring or element
placed between the horizontal and vertical
deflection plates and connected to the acceler-
ating anode. Its purpose is to prevent the
defocusing action which would be the result of
any disturbing field set up between the pairs
of deflecting plates.

Summation at this point is as follows:

1. We have finally produced a frame
of light, the intensity of which can be con-
trolled.

2. Knowing that the frame is built up
of small spots of light, it is now possible
to insert into the control grid circuit of the

HORIZONTAL o——])}
AMPLIFIER
uTRUT 3y}
VERTICAL
AMPLIFIER
OUTPUT
i 1
Hf—
R& rocus A7
CONTROL . ve
- +| §‘\ \ VERTICAL
CENTERING
VOLTAGE R \ HORIZONTAL CONTROL
CENTERING
CONTROL
Fig. 11. Typical Centering Control Circuit
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cathode-ray tube, a video signal that will
modulate the beam, causing each spot to vary
in brilliancy. An analogy of this action may
be obtained by looking at a picture in a news-
paper under a magnifying glass. It can be
seen plainly that each small dot varying from
black to white, through various shades of
grey, produces the necessary elements to
form a picture,

CENTERING CONTROLS: There is an addi-
tional control function required to insure
proper operation of the cathode-ray tube as
used in television applications.

For correct operation, the cathode-ray
electron beam, in the absence of deflection
potentials, should strike in the center of the
fluorescent screen., Effects such as stray
electric and/or magnetic fields, distortion of
forces within the cathode-ray tube itself, and
aging or replacement of the tube or its
associated supply components may cause the
beam to move off center, To correct any
“off center’’ condition that may exist, two
centering controls are generally made avail-
able on the back apron of the receiver chassis
to enable the serviceman to adjust the picture
frame for proper horizontal and vertical
positioning.

Figure 11 illustrates a typical centering
control system. A high positive potential is
applied across the divider network consisting
of R1, R2, R7, the focus control, and RS8.
From the junction of Rl and R2, potentials
are applied to the accelerating anode, through
R3 to one horizontal plate, and through R5 to
one vertical plate. As shown in the illustra-
tion, each of the centering controls parallels
the combination of R1 and R2, The variable
arm of the horizontal centering control supplies
the remaining horizontal deflection plate through
R4, and, similarly, the variable arm of the
vertical centering control supplies the remain-
ing vertical deflection plate through R6.

When the variable arms of the centering
controls are at their mid-point, no DC poten-
tial exists between the individual plates of
each pair of plates.

BEAM FORMATION AND CONTROL

Consider for a moment the horizontal
plates. A simplified diagram of their supply
circuit is shown in Figure 12,

TO HORIZONTAL
PLATES

%R3 R4

- ~ ) T ,
R2
HIGH DC
POTENTIAL ® x
RI
¢ Y
+
Rl=R2 R3=R4 XY =XZ
Fig. 12. Simplified Beam Centering Circuit

Since Rl is equal to R2, and XY is
equal to XZ when the centering control is at
mid-point, we have, in effect, a bridge circuit
and no potential will exist between the arms
of this bridge represented by points A and B
in Figure 12. It will be seen that one hori-
zontal plate is supplied by each bridge arm
through the series resistors R3 and R4, which
are equal in value. Thus, it is possible to
maintain a condition of no DC potential between
these plates. Should an ‘‘off-center’’ electron
beam be encountered, due to any one or a
combination of the effects mentioned previously,
the beam may be centered by moving the
control arm to provide a counteracting DC
potential.

By applying the above analysis to the
vertical centering supply circuit, it will be
seen that an identical method of control is
used,

11
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Typical 7-inch Cathode -Ray
Tube Structure Using
Electrostatic Deflection

1. Medium Shell Diheptal Base. (Designation
14-G)

2. Heater Element

3. Cathode Sleeve

4. Control Grid

5. Accelerating Anode
6. Focus Anode

7. Accelerating Anode

8. Horizontal Deflection Plates

9. Barrier Anode

10. Support and Aquadag Contact Springs

11, Vertical Deflection Plates

Sample Tube Structure Courtesy
Sylvania Electric Products, Inc.
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CHAPTER 2. MAGNETIC CONTROL OF THE ELECTRON BEAM

ELECTROMAGNETIC CONTROL

Up to this point, our discussion of beam
formation and control has been related primar-
ily to cathode-ray tubes using electrostatic
control methods.

A second type of cathode-ray electron
beam control is obtained through electromag-
netic focusing and deflection by varying the
relative force, position, or area of fields ad-
jacent to the beam.

To more easily understand the overall
operation of this tube, let us first review the
effect of magnetic fields upon an electron beam.

EFFECT OF MAGNETIC FIELDS UPON AN
ELECTRON BEAM: The stream of electrons
from the beam source may be considered as
equivalent to a stream of electrons in a solid
conductor carrying direct current. The effect
of an external magnetic field upon either stream
will be the same since any flow of electrons
produces its own magnetic field. The direction
of the electron flow and the direction of the
magnetic lines it produces are at right angles.
(See Figure 13)

Lusor  (NVATARARARARARN
seav WUV

Fig. 13. Similarity of Solid Conductor and
Electron Beam

Should this current-carrying conductor
be placed in an existing magnetic field with the
conductor parallel to the lines of force of this
field, no force will be exerted on the electron

8

Fig. 14. Conductor Parallel to Magnetic Field

stream. The magnetic lines from the two
sources are at right angles, neither aiding nor
opposing one another; therefore, no interaction
will result. (See Figure 14)

However, should the conductor be laid
at right angles to the existing field, a torque or
distortion of the magnetic lines will tend to
move the conductor from the field, since the
lines of the two fields are opposing on one side
of the current-carrying conductor or stream of
electrons, and aiding on the other side. (See
Figure 15)
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Fig. 15. Conductor at Right Angles to Magnetic
Field

It should also be noted that while Figure
15, for the purposes of illustration, shows the
electron stream or conductor at a full right
angle with respect to the external magnetic

‘field, that an electron stream entering the

magnetic field at any angular variation from
the parallel condition of Figure 14 will be
affected by the external magnetic field to an
extent proportionate to the amount of such
angular variations.

To apply the foregoing in terms of elec-
tromagnetic control of the cathode-ray tube,
consider first the construction of this tube
(shown in Figure 16) as compared to the elec-
trostatically controlled type. The electron gun
assembly is quite similar tothat of the electro-

13
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FOCUS DEFLECTION
ColL COlLS

ACCELERATING
ANODES
CONTROL
GRID

ACCELERATING
ANODE
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CATHODE & HEATER
ENCLOSED IN GRID
CYLINDER

HIGH VOLTAGE
INPUT TERMINAL

Fig. 16. Magnetically Controlled Cathode-Ray Tube

static unit. Heater and cathode elements are
enclosed in the grid cylinder, as before, and
the function of the gridin controlling the number
of electrons admitted to the beam is identical.
The anode structure differs in that there is no
provision for internal focusing.

An accelerating anode is placed immed-
iately following the control grid cylinder with
its connection terminating in the tube base. An-
other cylindrical accelerating anode is often
used connected through contact springs to the
aquadag coating on the inner surface of the
flared section of the tube. This aquadag coat-
ing terminates in a button contact placed on the
outside of the flared section.

MAGNETIC FOCUSING: It will be noted from
Figure 16 that the focus coil is placed along the
neck of the tube, and since the magnetic field
of the coil controls the size of the electron beam
and causes the formation of a narrow spot of
light on the tube face, no internal focusing ele-
ments are required.

The construction and application of a
typical focus coil is shown in Figure 17.
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A coil of wire is wound with soft iron
annular pole pieces placed in such position as
to concentrate the magnetic field about the neck
of the tube, thus surrounding the beam of elec-
trons inside the tube with parallel lines of
magnetic force. An annular gap is placed so as
to aid the concentration of these magnetic lines.
By concentrating these lines of force, two re-
sults are obtained: First, the direct current
through the coil is less for a given field
strength than would be necessary with other
magnetic structures, and second, stray fields
are lessened and, therefore, are less likely to
affect the action of the other control elements.

Provision is made in television to move
the focus coil along the neck of the tube. After
it is in its approximately correct position, fine
control of focus is obtained by varying the di-
rect current through the coil. This is normally
accomplished by using a potentiometer, usually
called the focus control.

Referring again to Figure 14, we see
that any electrons traveling along a path para-
llel to the lines of an external magnetic field
will not be affected by that field and will con-
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tinue to travel in a straight line. Axis XY of
Figure 17 shows this path.

Referring to Figure 15, we see that a
stream of electrons entering an external mag-
netic field at right angles will be deflected or
forced out of the field. Any time this stream
of electrons enters the field at an angle away
from the parallel condition, some deflection or
sidewise movement of the beam will take place.
Lines A and B of Figure 17 represent the paths
of electrons which are not parallel to axis XY,
and, therefore, since this beam is entering the
magnetic field of the focus coil at an angle, a
push or sidewise motion of the stream will
result. Since the electrons are all traveling
at a high velocity, each electron having its own
magnetic field, the resulting action of the beam
within the focus field will be to take a path

SUBTRACTED
FORCE
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Fig.
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17. Action of Focus Coil

similar to the thread of a wood screw. By
achieving the proper balance of beam velocity,
magnetic field produced by the focus coil, and
potential applied to the accelerating anode, the
electron beam will leave the focus field in a
converging stream having a focal point at the
fluorescent screen.

MAGNETIC DEFLECTION: The effect of a
magnetic field on fast-moving electrons will be
to deflect the beam in a direction which is at
right angles to the direction of the field and
direction of the electronic motion; therefore,
electromagnetic deflection of the beam may be
secured by two sets of coils arranged horizon-
tally and vertically over the neck of the tube
near the bulge of the bulb, and located close to
the focus coil. (See Figure 16)

ARRANGEMENT OF MAGNETIC COILS
[DEFLECTION YOKES)

I
|
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MAGNETIC

™~ FORCES -
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18. Action of Deflection Coils
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The two sets of coils, called deflection
yokes, are comprised of four windings, two for
horizontal deflection and two for vertical de-
flection. The two horizontal coils are mounted
opposite each other and connected in series for
correct polarity, so that the magnetic field
passes through the neck of the tube at right
angles to the path of the beam and will be
oriented on a vertical plane to secure horizon-
tal deflection. The vertical deflection coils are
arranged and connected in the same manner,
but oriented on a horizontal plane to secure
vertical deflection. (See illustration in Figure

4
1y

Fig. 19. Deflection coil Assembly (Sample
Courtesy of Senn Corporation)

/
/
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Thus the spot produced by the beam may
be moved to any part of the screen by passing
the correct amount of current through each set
of coils. It is necessary to provide good mag-
netic shielding between the focus and deflection
coils to prevent interaction.

Figure 19 shows coil construction,
assembly, and appearance of a complete mag-
netic deflection yoke.

If a sawtooth of current is passed
through the horizontal yokes, it will cause the
spot to move from left to right across the
screen and fly back; and similarly, if a saw-
tooth of current is passed through the vertical
yoke, the beam will be made to move from top
to bottom and fly back. The combined action
of the horizontal and vertical fields will pro-
duce a frame of light, or raster, similar to
that in electrostatic deflection.

16

A complete discussion of the development
of these sawtooth waveforms will be given in
a later section of the course covering horizon-
tal and vertical oscillators.

REMOVAL OF IONS FROM ELECTRON
BEAM: The emitted electronsfrom the cathode
are mixed with charged atomic particles called
‘‘ions’’. These ions are present in the tube
because first, no matter how well the elements
making up the internal tube structure are
cleansed, some slight amount of foreign mater-
ial will be present, and second, as the cathode
is heated, small particles of it will tend to
‘‘break loose’’. Each ion particle is approx-
imately 2000 times heavier than the electron,
and if permitted to strike the screen, a brown
spot will gradually appear since the ions will
actually remove the phosphor as they strike.
The net result is a spot on the screen where
no picture material can be produced, causing a
poor viewing condition.

Electrostatically deflected tubes are not
affected by the presence of ions since the
electron beam and the ions are deflected sim-
ultaneously by an electrostatic field. However,
magnetic fields do not materially affect an ion,
and tubes using magnetic deflection systems
must have some provision for preventing the
ions from reaching the phosphor coating on the
face of the tubes; otherwise, the spot will re-
sult.

Twomethods are currently used for heam
purification when the electromagnetic tube is
used. The first method takes advantage of the
fact that ions are not affected by magnetism.
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[ 7
aTwlayy:
1oy
- e — —-Pr—-~ ) . — - —
1 < /
- /
] ELECTRONS>
LARGE SMALL
MAGNE T MAGNET
cQIL cOIL
[ ® ) | ©

Fig. 20. Action of Ion Trap
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The entire beam, containing both ions and elec-
trons, is deflected electrostatically within the
gun assembly, and an electromagnet is used to
straighten the electron beam allowing the ions
to continue on their bent path until they hit an
accelerating anode, removing them from the
beam. (See Figure 20, which represents a
typical ‘“ion trap’’ assembly.)

The field from the ion trap magnets
causes the electron beam to be deflected or
bent at points X and Y. The ion trap assembly
is adjustable to provide a means of bending the
beam at these two points. For correct adjust-
ment, the raster is used as an indicator. The
entire assembly is adjusted for maximum
brilliancy and good horizontal line focus. Thus
a stream of electrons only is allowed to emit
from the gun structure. These electrons then
pass through the neck of the tube, are focused,
deflected, and accelerated toward the tube face.
‘‘Bent gun’’ assemblies are also used in addi-
tion to the one illustrated in Figure 20. In
either type, the theory of operation is the same.

A second widely used method of beam
purification involves the use of an extremely
thin film of aluminum placed on the ‘‘beam
side’’ of the phosphor viewing screen. The
thickness of aluminum is chosen so as to allow
the electrons to pass through and strike the
phosphor. Since the ions have greater mass,
they will not penetrate the aluminum but will
be stopped and, therefore, not strike the
phosphor. The use of the ‘‘aluminized’’ screen
is also felt to give other advantages, namely,
that of providing better contrast and brilliance
on the picture screen. Of course the use of

Fig. 21. Type 10FP4 Aluminized Screen
Construction (Photo from Sample Courtesy
Rauland Corp.)

DEFLECTION
YOKE

FOCUS COIL

ION TRAP
ASSEMBLY

Fig. 22. Electromagnetic Tube Assembly in
Receiver

this tube eliminates the need for external coils
in the beam purification since the beam does
not have to be ‘‘bent’’ within the gun assembly.

Figure 21 shows a tube employing the
aluminized screen construction.

Figure 22 illustrates a type 10BP4 mag-
netically focused and deflected tube with ion
trap, focus coil and deflection yokeé in position
as used in a typical receiver.

Some television receivers employ
cathode-ray tubes having electrostatic focus
and electromagnetic deflection. Such a tube
employing this combination is the RCA type
5TP4 projection unit shown in Figure 23.

The general types of picture tubes and
their requirements for deflection have been
covered. Before discussing the method of
translating received signals into visual patterns
on the face of the picture tube, let us examine
the method of converting the televised scene
into video signal at the transmitting studio.

Fig. 23. Type 5TP4 Projectiori Tube (Sample
Courtesy RCA)
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Left: ICONOSCOPE
(Photo from sample cour-
tesy RCA)

Right: IMAGE ORTHICON
(Photo from sample cour-
tesy RCA)

Left: IMAGE DISSECTOR
(Photo courtesy Farnsworth
Television & Radio Corp.)

Right: MONOSCOPE
(Photo from sample cour-
tesy RCA)
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CHAPTER 3. THE CAMERA TUBE

There are at present four types of
camera tubes: Iconoscope, Image Orthicon,
Image Dissector, and Monoscope. A photograph
of each type is given on page 18.

A brief discussion of the internal con-
struction and operation of the camera tubes
will assist the reader in connecting the
scanning technique and transmitted picture to
that of the picture tube for reproduction of the
transmitted image.

ICONOSCOPE

The Iconoscope is simply a cathode-ray
tube, specially designed for translating the
scene to be transmitted into electrical im-
pulses. It consists of an electron gun similar
to that of the receiving tube, but instead of a
fluorescent screen, a large rectangular plate of
thin mica is used for a scanning area.

On the front side of this mica sheet are
deposited many microscopic particles of
caesium silver compound - a photo sensitive
material. Each particle or globule is insulated
from the other, which gives the mica sheet a
mosaic appearance. The back of the mica
sheet is covered with a conductive film which
is connected to an output lead. The whole
arrangement appears as myriads of small con-
densers or cells, with a common lead through
which to discharge their stored energy.

In order to understand the action of the
scanning beam, let us assume that no scene is
being projected on the mica sheet or mosaic.
As the beam strikes the small particles of
caesium silver, secondary emission takes
place. The number of secondary electrons
emitted is several times greater than the pri-
mary electrons in the beam which strike the
particle. Since more electrons, which are of
negative potential, are emitted than the number
striking the particle, the potential of the par-
ticle will change in a positive direction. It will
rise to an ‘‘equilibrium potential’’ of approx-
imately positive three volts. The secondary
electrons which have been emitted either go to
the collector or to other parts of the mosaic.
Since each of the particles is insulated from
all others, this‘‘charge’’ cannot leak off. How-
ever, after the beam continues on its sweep,
the particle which has been positively charged
will attract secondary electrons which have

been emitted from other particles in the
mosaic. It will then change potential in a
negative direction. Due to the abundance of
free electrons on the face of the mosaic the
particle will actually charge to approximately
minus 1-1/2 volts. This action parallels very
closely the method of obtaining bias in audio
amplifiers known as ‘“‘contact bias’’, with
which we are familiar. The proximity of the
grid to the cathode places it in a cloud of
electrons which causes current flow in the
grid circuit. In the case of the particle in the
mosaic, however, there can be no current flow
so the particle takes on a negative charge and
maintains it until the beam again strikes it. It
can now be seenthat each particle changes from
negative 1-1/2 volts to a positive three volts
each time the beam strikes it.

The output from the Iconoscope is ob-
tained from a resistive load whichis connected
between the conductive film on the back of the
mosaic and ground. A certain capacitance
exists between each of the particles and the
conductive film. At the instant the beam
strikes the particle, the charge on this capac-
itance cannot change, so the entire voltage will
appear across the resistive load. A number of
electrons equal to the amount lost by the parti-
cle will flow from ground to the conductive
film to maintain the charge on the existing
capacity. This current flow results in a four
and one-half volt potential across the load.
Since in the above case no scene has been pro-
jected on the mosaic, the potential on each of
the particles will change an equal amount. This
results in no change in the amount of current
flow in the load as the beam scans the mosaic.
Since there is no a-c component there is no
output from the Iconoscope.

We have discussed the action of the tube
with no image projected on the mosaic. In
order to understand the action of the tube when
illuminated areas are present on the mosaic,
let us assume that half of it is illuminated. The
caesium silver particles, as stated above, are
photo sensitive and will emit electrons when
struck with light. When the beam of electrons
has passed over a particle which is being
struck with light, the particle will attract free
electrons. Since some electrons are being
emitted due to the photo sensitive properites of
the compound, the particle will not take on a
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charge of negative one and one-half volts.
Instead it will assume some charge in a positive
direction from the negative one and one-half
volts. The amount, of course, depends upon the
amount of light present. For illustration pur-
poses let us assume that the intensity of light
present on the illuminated half of the mosaic
is such that allows the illuminated particles to
charge to a negative one volt. The particles in
the non-illuminated area will charge to a neg-
ative one and one-half volts, as was the case of
the non-illuminated mosaic. As the beam of
electrons from the electron gun strike the non-
illuminated particles a change of four and one-
half volts takes place resulting in a four and
one-half volt potential across the load. When
the beam strikes the illuminated particles,
however, the particle in charging to the
‘‘equilibrium potential’’ of plus three volts, will
change only four volts since the original charge
was only negative one volt. This results in a
potential of four volts across the load giving an
a-c component in the output.

When an image is projected onthe mosaic
each particle will charge to a certain potential
depending on the amount of light present. As
the scanning beam scans the mosaic horizon-
tally from left to right, and vertically from top
to bottom, each particle will be returned to the
‘‘equilibrium potential’’ which causes current
pulses to flow in the load resistor. This train
of pulses, varying with the charge on the par-
ticles, constitutes the video signal.

The output from the Iconoscope is of
negative polarity since there is less current
flow when an illuminated particle is scanned
than when a non-illuminated particle is scan-
ned. Figure 24 shows the major elements of
the Iconoscope.

COLLECTOR RINGS

MOSAIC AND
SIGNAL
/\%
~—_@ >

Fig. 24. RCA Type 1850A Iconoscope (Draw-
ing from Sample Courtesy RCA)
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IMAGE ORTHICON

This tube is a more recent development
than the Iconoscope and will function over a
wide range of light values. It is ideal for out-
door pickups and other installations where the
light available is not under the control of the
pickup crew. For a better understanding of the
operation of the Image Orthicon, refer to Fig-
ure 25 while studying the following paragraphs.

Light from the scene being televised is
focused on the photo-cathode which is semi-
transparent. This photo-cathode emits
electrons proportional to the amount of light
striking the area. These electrons are accel -
erated toward the target by grid No. 6 and are
focused by the magnetic field produced by an
external coil. The target consists of a special
thin glass disc with a fine mesh screen on the
photo-cathode side. Focusing is also accom-
plished by varying the potential of the
photo-cathode.

When the electrons strike the target,
secondary emissionfrom the glass takes place.
These secondary electrons are collected by
the wire mesh, which is maintained at a
constant potential of approximately one volt.
This limits the potential of the glass disc and
accounts for its stability in varying intensities
of light. As electrons are emitted from the
photo-cathode side of the glass disc, positive
charges are built up on the other side of the
disc which vary with the amount of electrons
which were emitted. Thus it can be seen that
a pattern of positive charges are set up which
correspond to the intensities of light of the
scene which is being televised. This consti-
tutes the image section of the Image Orthicon
and the action described is completely inde-
pendent of the electron beam and the scanning
circuits of the tube.

The back side of the target is scanned
with a low velocity beam from the electron
gun. The beam is focused by the magnetic
field generated by an external coil and by the
electrostatic field of Grid No. 4. The potential
applied to Grid No. 5 adjusts the decelerating
field between Grid No. 4 and the target. As the
low velocity beam strikes the target it is turned
back and focused on dynode No. 1, which is the
first element of an electron multiplier. As the
beam is turned back from the target, however,
some electrons are taken from the beam to
neutralize the charge on the glass. The great-
er the charge on the glass, the more electrons
are taken from the beam. Thus, when the beam
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Fig. 25. RCA Type 2P23 Image Orthicon
(Drawings from Sample Courtesy RCA)
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scans a more positively charged area, which
corresponds to a brighter area in light intens-
ity, fewer electrons are returned to dynode No.
1. This action leaves the scanned side of the
target negatively charged while the opposite
side is positively charged. Due to the extreme
thinness of the glass disc target, however,
these charges will neutralize themselves by
conduction through the glass. This neutraliza-
tion takes place in less than the time of one
frame.

As the amplitude modulated stream of
electrons strike dynode No. 1, secondary
electrons are emitted. The number emitted is
proportional to the number striking it. Several
secondary electrons are emitted for each pri-
mary electron striking the element. These
free electrons are then accelerated toward
dynode No. 2 where, upon striking the element,
more secondary emission takes place. This
Same process continues on through dynode No.
3, dynode No. 4, dynode No. 5 and the electrons
are finally collected by the anode or plate.
Thus it can be seen that the electrons returned
to dynode No. 1 are amplified or multiplied
many timesbefore the signal reaches the anode.
The amount of multiplication per element is
equal to the difference of secondary electrons
emitted and the electrons striking the element.
The approximate gain of the multiplier section
of this tube is 500. The load resistor of the
Image Orthicon is connected from the anode to
the power supply. More current flow in the
multiplier, which corresponds to a dark area
in the televised scene, causes more current
flow in the load giving a negative output. A
brighter area causes less current flow giving
a positive output. Thus it can be seen that the
output of the Image Orthicon is of positive pol -
arity.

Figure 25 is an exploded view of the
internal construction of the Image Orthicon.

IMAGE DISSECTOR

Both camera tubes previously discussed
are known as the ‘‘storage’’ type since their
operation depends upon the neutralization of
positive charges by the scanning beam. The
Image Dissector, on the other hand, employs
instantaneous scanning.

The tube consists of an evacuated glass
cylinder which is closed at both ends. The
elements withinthe tube are the photo-sensitive
cathode, an anode, a shielded target having a
22

small aperture and an electron multiplier. The
cathode, upon which a caesium-silver oxide
film has been formed, is placed at one end of
the cylinder. The anode, whose purpose is to
accelerate the electrons emitted from the
photo-cathode, is a conductive coating on the
inner surface of the cylinder. The target is
placed near the other end of the cylinder,
which is a plane glass end. The target is at
the end of an electron multiplier which is used
for amplification. In front of the target is a
small aperture which will allow only a small
portion of the electron image to fall on the
target.

The entire cylinder is placed within a
focusing coil which produces an axial magnetic
field throughout the entire length of the
cylinder. The horizontal and vertical deflec-
tion coils are also placed around the cylinder,
and act also as a supporting framework.

In operation the scene to be televised is
focused on the photo-cathode. Electrons are
emitted from this cathode according to the
amount of light striking that particular area. It
can be said that an ‘““electron image’’ is
emitted from the cathode which corresponds to
the optical image projected on the cathode.
This ‘‘electron image’’ is then accelerated
toward the target by the anode which has a pos-
itive potential of several hundred volts. - The
image is maintained in focus by the axial mag-
netic field of the focusing coil.

The ‘‘electron image’’ is deflected hor-
izontally and vertically by the magnetic field
set up by the sawtooth current flow in the
deflection coils. As the ‘‘electron image’’ is
deflected past the aperture, only a small por-
tion of the image can strike the target. The
image, however, is swept past the aperture in
a series of 525 interlaced lines thirty times
per second. Instead of a beam scanning the
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Fig. 26. Image Dissector Operation (Courtesy
Farnsworth Television and Radio Corp.)
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image, the entire image is scanned past the
aperture which ‘‘dissects”” the image. Thus
the name, Image Dissector.

As the image is moved in front of the
aperture a varying amount of electrons strike
the target. The amount is dependent on the
amount of light present in that particular area
of the televised scene. As these electrons
strike the target, secondary electrons are
emitted which are drawn to the next element
of the electron multiplier. Each element in the
multiplier is maintained at a potential approx-
imately 100 volts positive with respect to the
preceding element. The electron multiplying
action is similar to that which took place in the
Image Orthicon. However, in the Image
Dissector eleven stages are used to multiply
the photo-cathode emitted electrons.

The amount of resolution obtainable
from the Image Dissector is dependent on the
size of the aperture in front of the target and
to the ratio of the ‘‘electron image’’ to the
optical image. As the aperture is made
smaller the resolution increases, as is the
case when the ““‘electron image’’ is made
larger. An aperture .012”x.012” gives a good
signal -to-noise ratio for 525-line resolution.
This size aperture is used in present day con-
struction of Image Dissectors.

Figure 26 illustrates the operation of the Image
Dissector.

MONOSCOPE

Another cathode-ray tube used in
transmission of the television signals is the
Monoscope, shown in Figure 27.

It is used for testing and adjusting studio
equipment and when its signal is transmitted
by the station, it is useful for the proper ad-
justment of the receiving equipment. The
primary difference of this tube from the other
camera tubes discussed previously is the in-
clusion of a test pattern which is placed in the
front of the tube envelope. This test pattern is
then reproduced as the video signal.

The difference in amount of secondary
emission of electrons between two materials
is used to produce the output. Usually a sheet
of aluminum, which has high emission, is
marked with high carbon content ink. Carbon
has fairly low emission and as the electron
beam scans the entire pattern, secondary
electrons are emitted from both materials in
proportion to their emission ratios. Any
pattern with any line shape may be drawn on
the aluminum sheet.

The Monoscope is a stable video signal
source and, therefore, provides both the tele-
vision engineer and the service technician with
a useful tool.

Fig. 27. RCA Type 2F21 Monoscope (Drawing from Sample Courtesy RCA)
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SCANNING

All of the picture generating tubes
discussed have associated external focus and
deflection elements which cause the electron
beam to scan the active picture surface at the
front of the tube.

The video signal carries the picture
information to be transmitted over the air.
Since the timing of the sc anning process is
very important, the video signal must contain
other information in the form of electrical im-
pulses. These impulses are termed blanking
pulses, which blank out the return trace of the
cathode-ray beam in the camera tube during
fly-back time, and synchronizing pulses, which
are utilized by the receiver to synchronize the
horizontal and vertical sawtooth generators.

The path travelled by the beam across
the screen of the picture tube should be ident-
ical to the path travelled by the beam in the
camera tube so that the picture may be re-
constructed in the correct sequence at the
receiver.
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For picture resolution, the present
standards for television broadcasts are 30
frames per second, each frame being con-
Structed of 525 horizontal lines, using
interlaced scanning. (If alternate lines be
transmitted in such a way that two series of
lines are necessary to produce a complete
frame, the system is called interlacing.)

Therefore, to produce one frame of 525
lines interlaced, 262-1/2 horizontal lines are
scanned on the first down sweep of vertical
deflection, and the beam returns to the top and
scans 262-1/2 alternate lines. The horizontal
and vertical scanning traces are the result of
passing current having a sawtoothform through
the respective deflection coils. The rapid
return of the electron beam, or retrace, for
the start of the succeeding scanning function,
is a result of the rapidly decreasing current
in this sawtooth form. In order to produce
interlaced scanning with 525 lines and 30 com-
plete frames per second, the vertical sweep
frequency must be 60 cycles per second, and
the horizontal sweep frequency must be 15,750
cycles per second. Figure 28 further explains
the complete scanning operation.
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CHAPTER 4. TELEVISION POWER SUPPLIES

The peculiarities of power requirements
in the several parts of representative televis-
ion systems make necessary the use of power
supplies more complicated than those normally
found in other radio and electronic devices. In
general, it is necessary to provide for at least
two separate and basically different load condi-
tions.

1. A low-voltage, high-current system to
power oscillator, amplifier, and similar stages
where applied potential does not exceed approx-
imately 450 volts. In addition, some receivers
power modulation and deflection systems from
this source.

2. A high-voltage, low-current system to
supply the accelerating anode potential, and, in
some applications, DC deflection potentials, for
the cathode-ray or picture tube.

LOW-VOLTAGE, HIGH-CURRENT POWER
SUPPLY: What might be termed the signal re-
ception portion of the receiver, which includes
sound and video amplifier or control tubes,
presents a power requirement not greatly
different in voltage range from that of other
radio devices, and, therefore, this portion of
the television receiver power supply system
is very similar to those used in large radio
sets.

In general, the voltage requirement is no
more than the conventional 450-volt value. The
current required, however, is frequently much

greater than that necessary for radio operation:

and, in addition. there is also a necessity for
rather good supply regulation. This need is
occasioned by the operation of ‘‘sawtooth’”
oscillators for deflecting the electron beam of
the cathode-ray tubes from this source. These
oscillators tend to produce currents in the
power supply system, which, if not properly
filtered, would appear as serious modulation
hum in the beam control and sound circuits.

It is not unusual to encounter power
supply currents for the low-voltage application
of as much as 300 milliamperes. Television
receivers produced to date may employ from
one to three rectifiers for this low-voltage,
high-current supply, the number, of course,
dependent upon the current requirement and the
designer’s preference as to voltage and current
distribution. Thermionic and selenium rectifi-
ers have been used up to this time in circuits
which largely duplicate those for equivalent
radio set power supplies, including full -wave
transformer types and transformerless half-
wave doubler designs.

Figure 29 provides schematic diagrams
of representative low -voltage, high-current
supply systems.

HIGH-VOLTAGE, LOW-CURRENT POWER
SUPPLIES: The high-voltage supply differs
considerably from the supply just discussed in
that the current requirement is very small,
usually in the neighborhood of 300 micro-.
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Fig. 29. Left - Low Voltage Transformer Type Supply. Right - Half-Wave Doubler Low Voltage

Supply
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amperes, while the voltages employed may
range to extremely high values, especially in
televisionreceivers using projection-type
cathode-ray tubes. Receivers currently in pro-
duction may use accelerating potentials from
3,000 to 30,000 volts.

SAFETY PRECAUTIONS: Since these high-
voltage power supplies represent extremely
dangerous shock hazards, perhaps it might be
well to consider normal precautions to be fol -
lowed in working with them.

First, locate your bench well away from
metal objects, or wiring, which might provide
an accidental contact to ground or a voltage
source. Don’t use metal bench tops. If you
have a concrete floor, it is essential that it be
covered with a substantial rubber mat, or other
good insulating material, in an area sufficient
to preclude any possibility of stepping off the
mat during normal service operations. The
mat isn’t a bad idea even if you don’t have a
concrete floor.

Second, don’t attempt high-voltage meas-
urements unless they are actually necessary.
It is the general opinion, on the basis of exper -
ience to date, that resistance measurements
are adequate to identify power supply troubles
in at least 90% of all failures.

In the event that it is necessary to meas-
ure high potentials, do so in the approved
manner. With power switch off and plug dis-
connected, hook up the test lead to the ground
or low potential side of the circuit. If a clip
lead is to be used for connection to the high
potential side of the circuit, make this connec-
tion with power off, using one hand only, so that
if a residual charge remains there will be no
possible circuit through the body. It is usually
advisable to make sure that the high-voltage
supply is completely discharged before making
any connection to the television receiver.

If a probe-type instrument is to be used
with the power supply operating, always use
one hand only for placement of the probe to the
test point. Keep the other hand in the pocket
so that there is no possibility of contact with
the result of establishing a circuit through the
heart.

In other service operations, such as
alignment, etc., it is advisable to disable the
high-voltage circuit.

Try to detect the fault by individual
component diagnosis. There are nine mental
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operations to one manual operation in the test-
ing of any electronic circuit. Think - then act!
You owe it to yourself and your family to take
all necessary precautions.

TYPES OF HIGH VOLTAGE SUPPLIES: At the
time of going to press, there are four basically
different types of high-voltage power supplies
being used in commercial television receivers:

A. The conventional, or ‘‘brute force,”’
60-cycle half-wave power supply system.

B. The r-f power supply system which
uses an r-f oscillator as a high frequency volt-
age source, steps up this voltage through a
suitable RF transformer, and then rectifies
it for application to the accelerating anodes.

C. The ‘‘horizontal flyback’’ -or ‘‘kick-
back’ type high-voltage supply employing
the pulse voltage generated by the collapsing
field in the primary of the horizontal deflection
transformer. This pulse voltage is stepped up,
rectified, and supplied to the accelerating
anodes.

D. The pulse-type power supply using
a blocking oscillator whose pulses then trigger
the plate current of a power tube. This sudden
change of plate current is fed to a transformer,
thence to a rectifier or a series of rectifier-
doublers ortriplersto produce the high voltage.

““BRUTE FORCE’’ POWER SUPPLY: Almost
all pre-war and some post-war television re-
ceivers use the half-wave ‘‘brute force’’ power
supply. In theory and operation, it is not
essentially different from power supplies com-
monly used in ordinary radio receivers with
the exception that the power transformer must
be adequately insulated for high voltages. The
half-wave circuit is employed for the obvious
reason that through its use the high voltage
transformer may be held to the lowest possible
number of turns and smallest physical size.
The fact that the filter must be effective for a
60-cycle hum or ripple, instead of the 120-
cycle ripple of the full -wave supply, is not
particularly bothersome since the current re-
quirement is relatively small.

A schematic diagram of a representative
‘‘brute force’’ power supply appears in Figure
30. Note that this system employs one trans-
former to supply all voltages for receiver
operation. Winding ‘‘A’’ supplies the heater
current for the type 2X2 rectifier. Any tube
used in this application must be capable of
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Fig. 30. ‘‘Brute Force’’ Type High Voltage Power Supply

withstanding extremely high inverse voltages.
Winding ‘‘B’’ supplies plate potential for the
2X2 rectifier and ultimately the accelerating
anode voltages. Capacitor C1 is the input filter
unit for the high voltage supply, resistor R1 the
filter resistor, and C2 the output filter capac-
itor. Through a bleeder network, the various
voltages are picked off for tube control func-
tions, such as centering, focusing, and brill-
iancy. The remainder of the power supply
represents conventional full -wave design prac-
tice with the exception that the outputs of all
branch supplies are additive.

Figure 31 shows a variation of the brute
force power supply to provide approximately
12,000 volts DC through the use of a half-wave
doubler circuit. A pair of 2X2 rectifiers is
used in a conventional doubler system fed by a
high-voltage winding of the power transformer.
This application uses a separate high-voltage
supply transformer.

RF POWER SUPPLY SYSTEM: The RF Oscil-
lator High-Voltage Power Supply is frequently
used, especially where electrostatic deflection
is employed. It is compact, requiring only two
tubes, and is independent of deflection system
of the receiver. Power is generated by an r-f
oscillator operating at frequencies ranging be-
tween 50 and 500 KC, the r-f output is stepped
up through transformer action to several thous-

and volts, and then rectified. Due to the low
current drain on the power supply, the output
voltage is nearly equal to the peak voltage
applied to the rectifier.

The oscillator usually employs a power
output type tube which is capable of generating
10 to 15 watts of r-f energy and is normally
connected as a tuned-plate oscillator with
tickler feedback. The plate circuit is tuned to
the natural resonant frequency of the high-volt-
age winding, providing a minimum of load on
the oscillator circuit. One of the features of
this power supply is the fact that any change of
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capacitance in the circuit, which would result
if a hand were inadvertently placed near it, will
reduce the output of the oscillator and lessen
the danger of a high-voltage shock. Neverthe-
less, all aforementioned precautions should be
taken when making any voltage measurements
and care should be taken not to get too close to
the cap of the rectifier tube as a severe r-f
burn may result.

The 8016 or 1B3GT tube, which is used
as the rectifier, requires only one quarter watt
of power for heating the filament and since this
is only a small percentage of the power gener-
ated by the r-f oscillator, the filament voltage
is taken from an additional secondary winding
of one or two turns on the oscillator coil. Ob-
taining the filament voltage in this manner
eliminates the need for a large iron-core
transformer with high-voltage insulation.

Care should be taken that the position of
this winding is not changed because any change
in coupling would result in an increase or de-
crease in filament voltage. Since the voltage
applied to the filament is r-f and there is no
practical method of measuring its heating
efficiency, a reasonably accurate check may be
made by a visual comparison of the brilliance
of the heater on a similar tube with its filament
connected across a 1.6 volt dry-cell battery.
The filament of the 8016 tube is quite easily
paralyzed by a momentary overload and it is
suggested that another tube be tried if trouble
is suspected in the rectifier circuit.

Due to the frequency of the r-f voltage
and the low-current drain (approximately 200
to 400 microamperes) on the power supply, a
very small value of capacitance is required for
filtering the output voltage. Likewise a large
value of resistance up to 500K ohms may be
used as a filter, further lessening the chance
of a lethal shock.

This power supply has good regulation
and there is no need for additional voltage reg-
ulation circuits. Even with a varying current
from 0-200 microamperes, occurring as the
electron beam in the tube is modulated, there
is less than 5% fluctuation in voltage, which is
a permissible range.

A schematic of anRF High-Voltage power
supply is shown in Figure 32. A type 12A6
tube, connected as a triode, is used as the
oscillator, feedback being obtained from a
tickler winding in the grid circuit. The voltage
is stepped up in the secondary winding and fed
to the plate of the rectifier tube, rectified and
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Fig. 32. RF Oscillator-Rectifier High Voltage
Supply System

filtered. This particular receiver has an add-
itional secondary winding which is connected to
the plate of the 6X4 rectifier tube, providing
additional ‘‘B’’ plus voltage for use in the ver-
tical and horizontal sweep generators.

Although most receivers employ a tickler
winding for obtaining a feedback to sustain
oscillations, another method in use eliminates
the need of a separate winding on the trans-
former. Feedback is obtained through capac-
itive coupling to the plate of the rectifier by
placing a spring around the rectifier tube at the
exact position giving correct feedback. The
position of this spring is critical and instruc-
tions for positioning it should be followed
closely.

RF power supplies should be shielded to
prevent radiation into the receiver. Such rad-
iation causes ‘‘birdies’’ in the sound channel
and r-f bars to appear on the screen. This
shield also gives protection against shock.

Figure 33 shows a typical complete RF
high-voltage power supply system.
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WINDING.
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Fig. 33. Typical RF High Voltage Supply
(Shield Cover Removed)
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HORIZONTAL FLYBACK HIGH VOLTAGE
SUPPLY SYSTEMS: This method of obtaining
high voltage makes use of the high-voltage pulse
created in the plate circuit of the horizontal
amplifier during retrace time. In using this
system, relatively few additional components
are required beyond those that would normally
be necessary, since all magnetically deflected
receivers make use of a matching transformer
between the horizontal output and the horizontal
deflection coil.

Another reason for employing this system
is that it guards against modulation of the video
signal by stray energy from the high-voltage
supply, since the screen is blanked out during
the retrace time.

The addition of two windings to the hori-
zontal matching transformer makes possible
the use of this system. When the quick collapse
of plate current through the horizontal deflec-
tion amplifier takes place, due to the sawtooth
of voltage on its grid, the primary winding,
which is part of the plate circuit of the horizon-
tal deflection amplifier, will have produced
across it a relatively high pulse voltage be-
cause of self induction.

By adding an auto-transformer winding
to the primary of this deflection transformer,
the pulse voltage may be stepped up to any
desired value. This high voltage is then fed to
the plate of a hot cathode type rectifier, recti-
fied and filtered, and becomes the high
accelerating potential for the picture tube.

BEAM FORMATION AND CONTROL

The second additional winding on this
transformer consists of one or two turns, which
provide the filament power for the rectifier
tube. This is possible since the current re-
quirements of the particular tube developed for
this purpose is low.

Figure 34 shows a representative Hori-
zontal Flyback System.

The transformer itself is of unique
design employing pressed powdered 1iron in the
form of a shell about the windings. It is poss-
ible to use powdered iron for this transformer
since the horizontal scanning frequency is
15,750 cycles per second. The time of one
cycle is, therefore, approximately 63 micro-
seconds. Of this, 53 microseconds are used up
in the forward scan and the remaining 10 are
employed for flyback and starting the next hor-
izontal line.

The transformer resembles a design
which one would expect for the handling of pow-
er at low radio frequencies. The windings are
of the universal type and are well impregnated.
The parts of a typical horizontal flyback
transformer are shown in Figure 35. Since the
frequency is high and the current drain low, the
filtering required on this high-voltage supply
is very small. Actually, the output filter cap-
acity is often realized by using the capacity
between the outer and inner layers of aquadag
coating on the picture tube.
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Fig. 34. Horizontal Flyback High Voltage System
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Fig. 35. Typical Horizontal Flyback Trans-
former (Photo from Sample Courtesy RCA)
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Fig. 36. Typical Horizontal Flyback High-
Voltage Assembly. (Photo from Sample Cour-

tesy Emerson Radio and Phono. Corp.)

Figure 36 is a photograph of a complete
Horizontal Flyback High-Voltage System.

PULSE TYPE HIGH-VOLTAGE POWER SUP-
PLY: A second method has been developed
for generating the high voltage during the
horizontal retrace time. This system uses
essentially the same type of transformer and
rectifier as discussed under ‘‘Horizontal Fly-
back High-Voltage systems,’” except the
transformer has no secondary deflection coil
winding. It derives its pulse voltage from a

* blocking oscillator, which is triggered by the

horizontal flyback decay. These oscillations
are then amplified and fed to the primary of an
auto-transformer whose output is connected to
the plate of the rectifier. Voltage regulation is
usually obtained by controlling the amplitude of
the pulse fed to the rectifier. A typical schem-
atic of this type system is shown in Figure 37.

In this application, a portion of the high
DC voltage output is fed to the grid of half of
the 6SN7, which has a type VR105 in its cathode
circuit. The plate current of the 6SN7 is drawn
through the 15K ohms screen-dropping resistor
of the type 807 amplifier stage. A change in
plate current will change the screen voltage of
the 807, thus regulating the amplitude of the
pulse supplied to the auto-transformer.

HORIZONTAL FLYBACK SYSTEM FOR PRO-
JECTION TELEVISION USING VOLTAGE
TRIPLERS: In the systems previously describ-
ed, a single rectifier tube was employed to
obtain voltages ranging up to 10,000 volts.
Projection tubes require potentials of between
25,000 and 30,000 volts, and such voltages
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Fig. 37. Pulse Type High-Voltage Power Supply
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Fig. 38. Horizontal Flyback High-Voltage Tripler

cannot be obtained readily by single rectifiers
due to limitations of the tubes themselves. To
overcome this difficulty the power supply sys-
tems for projection tubes employ a principle
of voltage multiplication in which a number of
capacitors are individually charged to the peak
voltage of the system through respective recti-
fier tubes associated with the capacitor.

Figure 38 shows a power supply of this
type.

The transformer is similar in desigg to
the one already described and illustrated in
Figure 35, but differs in that it has three fila-
ment windings for three individual type 8016
high-voltage rectifier tubes.

Another difference in this system is the
use of two horizontal output tubes, type 6BG6G,
connected in parallel to provide the additional
energy required. -

The diagram shows a ‘““ladder”
arrangement of rectifier tubes, condensers and
resistors to accomplish this voltage multipli-
cation. This circuit is somewhat different
from the familiar ‘‘common line’’ type of volt-
age doubler or tripler, in that the individual
capacitors need a voltage rating no greater
than the peak supply voltage, whereas, in the
familiar multiplier circuits, the voltage ratings
increase in each stage.

The voltages shown on the diagram are
measured from ground. The operation of the
circuit is as follows:

A pulse produced across the primary of
the transformer is applied to tube V1, and the
rectified current of this tube charges capacitor
C1 to approximately peak value of the pulse.
In the interval between pulses, capacitor C1
discharges into capacitor C2 through resistor
R1. Since rectifier tube V2 is conductive in
the proper direction, capacitor C3 is charged
by capacitor C2. Capacitor C3 can then charge
capacitor C4 through resistor R2. The final
step of the multiplication consists of the charge
of capacitor C5 through rectifier tube V3 from
the charge existing in C4.

This series of events will require a
number of cycles of operation of the horizontal
oscillator for each of the capacitors to assume
their final charges. When a steady state condi-
tion is reached, the charge across each of the
capacitors in this group will be approximately
the peak voltage of the supply system. Capac-
itors C1,C3 and C5 in series provide the output
voltage used for the accelerating voltage of the
projection tube.

Another pulse-type high-voltage supply,
which was developed in Holland and recently
introduced in this country, is shown in Figures
39 and 40. 21
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Fig. 39. Pulse Type High-Voltage System.
(Hallicrafters-Norelco) Photo Courtesy North
American Phillips Company, Inc.

It isan entirely self-contained unit meas-
uring 8-1/2x7x4-1/2 inches, which can be
mounted adjacent to the projection tube and
supplied with heater and plate voltages from
the television chassis by a three-lead cable.

While a total of five vacuum tubes is used
in this system, only two of the tubes can be
seen 'upon removal of the perforated cover.
The other three tubes are specially designed,
minature-size rectifiers and are hidden from
view in the sealed, oil-filled, transformer
assembly. The circuit components comprising
the assembly are shown enclosed by dotted
lines in the schematic diagram Figure 41. The

HIGH VOLTAGE
LEAD

RECTIFIERS

SHELL TYPE
TRANSFORMER

Fig. 40. Transformer-Rectifier Assembly
with cover removed. (Hallicrafters-Norelco)
Photo Courtesy of The Hallicrafters Company
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photograph in Figure 40 shows this unit with
the can removed.

The circuit shown in Figure 41 comprises
a blocking-type oscillator employing the triode
section of a 6SR7 to produce a ‘‘sawtooth’
voltage whose frequency is approximately 1000
cycles per second. This waveform, represented
by Vg in Figure 42, is coupled to the grid of the
6BG6G power amplifier, which is biased be-
yond cutoff by a combination of cathode self
bias and an additional voltage from an automat-
ic regulating circuit to be described later.
Plate current, Ip in Figure 42, in the 6BG6G
tube flows only for a short portion of the pos-
itive peak of the sawtooth wave applied to the
grid. This positive excitation is made suffic-
iently great to cause plate current pulses almost
equal to the maximum emission of the tube.
These pulses of plate current flow through part
of the primary of an iron-core transformer.
The current in the transformer is represented
by iL in Figure 42. Note that the current wave-
form across the transformer at the time of
conduction of the 6BG6G contains no oscillatory
component. However, when the tube is cut off,
the field generated by the plate current in the
transformer collapses. Since the tube is now
cut off, there is no heavy damping, due to plate
current flow, and the coil will start oscillating
at its natural resonant frequency. This reson-
ant frequency is governed by the inductance in
the transformer and the distributed capacity in
the transformer and associated circuits. The
resonant frequency of this particular supply is
approximately 30KC. These 30KC oscillations,
shown 1n the iLL waveform of Figure 42, will
continue oscillating until plate current is drawn
through the winding. This heavy current flow
completely damps out the oscillations and an-
other cycle is started. Note that at the time
the oscillatory circuit is free running, the
oscillations are damped. This is due to the
loading of the rectifier filament windings and
the losses in the transformer.

The voltage is stepped up by auto-trans-
former action and applied to the rectifiers. The
waveform of this voltage is shown in Vo of
Figure 42. Since the high voltage is additive
to the B+ supply, represented by Vb, Vmax. is
equal to the peak voltage plus Vb.

Thefirst positive oscillation peaks, which
are approximately 8,500 volts, charge the cap-
acitor C1, through V1, to peak voltage. When
the oscillation peaks are negative, the voltage
across C1 (negative on the lower plate) is
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Fig. 41. Schematic Diagram of Hallicrafters-Norelco High Voltage Power Supply

additive to the peak voltage of the source, and
C2 is charged to two times the peak voltage
through V2. On the next positive peaks, the
conductive path will be through C1, the source,
C2 and V3. Since the voltage across Clis
equal to the source and of opposite polarity, C3
will charge to a peak voltage equal to that of
C2. It can now be seen that voltage across C1,
which is peak voltage, and the voltage across
C3, which is two times peak voltage, are of the
correct polarity to be additive and result in an
output equal to three times peak voltage.

The additional feedback winding, men-
tioned previously, provides an ingenious method
of improving the voltage regulation of the sys-
tem. Normally, a power supply system is
improved in regulation by reducing its internal
resistance and providing more storage of ener-
gy by increasing the capacity of the filter
capacitors. Both of these expedients tend to
increase size, weight, and cost, and in a high-
voltage system has the additional disadvantage
of making the device more dangerous from the
standpoint of electrical shock.

The voltage from this fourth winding is
fed back to the diode plates of the 6SRT block-
ing oscillator tube. The.rectified current from
these diodes passes through a filter network
and is added to the bias of the 6BG6G amplifier
tube. Thus, when the voltage of the system
tends to drop due to greater output load, the
bias of the amplifier tube is made less negative
and the duration of the pulse is increased. This
tends to increase the output.
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Fig. 42. Voltage and Current Waveforms -
Pulse Type Power Supply

With constant input supply voltages to

this power pack, the output voltage is 25,500

volts plus or minus 2,000 volts at no load, and

drops less than 600 volts at a load of 60 micro-

amperes and less than 1,200 volts at a load of
125 microamperes.
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SECTION II

CATHODE RAY — BEAM DEFLECTION SYSTEMS

CHAPTER 5. RESISTANCE-CAPACITANCE (RC) CIRCUIT CHARACTERISTICS

RC CIRCUITS

The elements in a cathode-ray or pic-
ture tube provide an emitter or source of
electrons, a means of forming an electron beam
and accelerating its speed, and a phosphor sur-
faced screen which will flouresce or glow when
bombarded by the stream of electrons. They
also provide for the movement of the beam
horizontally and vertically to form a frame of
light, or raster, on the face of the picture tube.

The voltage or current waveforms which
are required for deflecting the electron beam
are obtained from sweep generators which are
followed by special wave-shaping circuits. The
sweep generators are triggered by the synch-
ronizing pulses which are clipped from the
transmitted signal. This makes possible the
synchronization of the sweep circuits in the
receiver with those of the transmitter. The
formation of certain waveshapes is required in
order to obtain a linear sweep. This waveshape
may be a sawtooth, as is required for electro-
static deflection, or a more complex voltage
waveform usedto obtain a sawtooth current flow
in magnetic deflection coils. Some circuits are
designed to pass a waveform with a minimum of
distortion, while others are designed to effect
great distortion when generating, amplifying, or
passing a waveform. The behavior of these
distortion circuits can best be understood by
studying a charging or discharging capacitor in
series with a resistor.

It is elemental in radio theory that when
electrons flow through a resistor, a voltage or
IR drop is developed across that resistor.

The value of voltage developed by a
current flowing through a resistance is found
by applying Ohm’s law:

E=1IxR

where E is in volts, I in amperes, and R in
ohms.

A further study of fundamentals reveals
that a capacitor is capable of storing or holding
a charge of electrons. When charged, one plate
contains more free electrons than the opposite
plate; when the capacitor is completely dis-
charged, both plates contain the same number
of free electrons. The difference in number
of electrons is a measure of the charge that
exists across the capacitor. When the accum-
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ulation of electrons on one plate exceeds the
accumulation on the other plate, a potential
difference exists across the terminals of the
capacitor, and this potential will continue to
increase until it equals, for practical purposes,
the applied or charging voltage. The value of
voltage developed by a charging capacitor is
computed by applying the following equation:
E=Q
C .

where @ is in coulombs, C in farads, and E in
volts. One coulomb is the quantity of electrical
charge transferred if one ampere flows for one
second.

R-C CIRCUIT CHARGING: A capacitance and a
resistance employed in a voltage divider cir-
cuit, as shown in Figure 43, develop a pressure
or potential across their respective terminals.
This circuit is commonly known as an R-C
circuit, to which both Kirchoff’s and Ohm’s
laws apply. Referring to the graphs and dia-
gram in Figure 43, the voltage divider AB of
the circuit diagram is shown in various time
positions on the graph after closing the switch.
As time progresses, the voltage Ec on the cap-
acitor gradually increases. while the voltage
developed across the resistor Er gradually de-
creases.

When the switch is closed, electrons are
displaced from the upper plate of the capacitor,
thus developing a positive charge causing elec-
trons to be attracted to the lower plate through

oo,
99 p=======z==z=z
\
o o}
L ——voLTAGE ON
T eof i CAPACITOR
5 ]
1
40 | [
| It SWITCH OPENED
)1
28y [)'/ A SWITCHS® |
o} 1 ] i TIME } I g
M 1 —_— —
a b'(; ./l . 7 ‘; = 00V
! ! =
ecov = | | i -]‘" T
Egoov L :
i
L ;
€. CAPACITOR VOLTAGE
€c20v ==| ¢

€, RESISTOR VOLTAGE

1
[}
[}
|
!
I
|
|
|
1
!
|
|
el 781

Eq 20V _Lr:c”v
’g:a v

Fig. 43. Resistor-Capacitor Charging Curve
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the resistor. This flow of electrons is the
current that charges the capacitor. At the in-
stant the current begins to flow, no charge is
present on the capacitor, as seen at point ‘‘a’’
on the graph; therefore, the applied voltage E
across the divider must all appear as a voltage
drop across the resistor. The initial charge
current, therefore, must be equal to E.

R

In recalling Kirchoff’s law, it states that
the sum of the voltages in a closed circuit is
equal to zero. Likewise, the sum of the voltage
drops in a closed circuit must equal the applied
voltage. Therefore, if 100 volts is applied to an
R-C circuit, this entire voltage appears across
the resistor at the time the switch closes. The
graph shows that at the instant the switch is
closed, the entire applied voltage appears
across R, while the voltage across C is zero.

However, the current flowing in the cir-
cuit soon charges the capacitor a small amount,
and a voltage will appear across this capacitor.
See position ‘‘b’’ of the voltage divider plotted
on the graph. Note: Ec is now 20 volts and Er
is 80 volts, the sum of the two being equal to
the applied voltage. As time elapses, Ec be-
comes greater and Er smaller, as will be noted
at the time points ‘b’ ““¢’’, “‘d’’, ‘“e”’, and
‘“f’. Actually, the capacitor voltage becomes
a re-active voltage, or back pressure (opposite
in polarity and opposed to the applied potential).
This causes the charging current to decrease
and the IR drop across the resistance to fall,
resulting in the capacitor charging at a slower
rate.

This charging action continues until the
capacitor is almost fully charged. At this time,
the voltage across R must be near zero, and
the charging current is practically zero. Theo-
retically, a capacitor never fully charges, and
some minute voltage will always appear across
the resistor. However, if the switch is closed
long enough, an almost steady state condition is
reached and the capacitor is considered fully
charged for all practical purposes. -J

Charging a capacitor electrically can be
likened to inflating a flat tire where a current
of air first rushes into the inner tube and grad-
ually tapers off as the tire becomes inflated.
The current of air flowing into the tire from
the compressor sometimes rings a bell. At
first the bell rings in rapid succession, but
gradually slows up as the tire builds up a back
pressure.

R-C CIRCUIT DISCHARGE: Suppose that, just
before point ‘‘f’’ on the charging curve, the
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Fig. 44. Resistor-Capacitor Discharging Curve

charging switch is thrown open and the dis-
charging switch closed, as shown in Figure 44.

Note that the capacitor voltage reached a
value of 99 volts. This value would have been
slightly higher if the charging circuit had been
left closed for a longer period of time. In Fig-
ure 44, the battery switch is open and a short
circuit path is switched across the divider.
The 99 volts of potential energy stored by the
capacitor now becomes an applied voltage of the
discharge circuit and willfcause a current to
flow around the circuit. The discharge current
will be opposite in direction to the charging
current, developing an IR drop across the re-
sistor. The voltage drop across the resistor,
due to the discharge current, will be opposite in
polarity to that developed by the charging cur-
rent. The discharge curve will vary exponen-
tially in exactly the same manner as the charge
curve, but will be diminishing in value.

During discharge, the capacitor voltage
is shown dropping from its initial value, and,
representing the applied voltage of the dis-
charge circuit, will be equal to the voltage drop
across the resistor (Kirchoff’s Law). Seeing
that the capacitor voltage now represents the
applied voltage of the discharge circuit, Ec and
Er will slowly approach zero together. (The
plotted charging curve is not linear throughout.
However, the initial charge portion of the
curve, Figure 43, is practically straight up to
40 volts, and it is this portion of the surve that
we will be more concerned with in television
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sweep circuits because of this linearity. This
is the most important point of the discussion
and should be borne in mind for future refer-
ence.) Also note that the capacitor voltage does
not reverse in polarity during the charge and
discharge cycle. This 1s not true in the case of
the resistor voltage because the current
actually reverses its direction between the
charge and discharge period.
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Fig. 45. R-C Time Constants

TIME CONSTANTS OF AN R-C CIRCUIT: The
diagram in Figure 45 shows an R-C circuit
connected across an applied voltage. The tim:
required to charge the capacitor to 63.2% of the
applied voltage is known as the time constant of
the circuit. The value of this time constant in
seconds is equal to the product of the circuit
resistance in ohms and the capacity in farads,
and may be found by using any of the following
relations:

R (in ohms) x C (in farads) =t (in seconds)

R (in megohms) x C (in microfarads) =t

(in seconds)

3. R (inohms) x C (in microfarads) =t (in
microseconds)

4. R (in megohms) x C (in micro-microfarads)

=t (in microseconds)

[

EXAMPLE: A 0.1 microfarad capacitor in ser-
ies with a 100K ohm resistor will take .01 of a
second or 10,000 microseconds to reach 63.2%
of the applied voltage.

Referring to Figure 45, a .01 mfd. capac-
itor is in series with a 10K ohm (.01 megohm)
resistor.

Now, we find from the above table that
multiplying microfarads by megohms will give
an R-C time constant of .0001 seconds or 100
microseconds for this circuit.
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Therefore, we interpret from the time
constant that when 100 microseconds has elapsed
since switching on, 63.2% of the applied voltage
is across the capacitor and 36.8% across the
resistor.

The applied voltage being 100 volts, the
capacitor charge will be approximately 63 volts
and the IR drop across the resistance, due to
the charging current, will be approximately 37
volts.

In twice the R-C time, or 200 microsec-
onds, 63.2% of the remaining 37 volts is added
to the original 63.2% charge, making approx-
imately 86 volts across the capacitor and 14
volts drop across the resistor.

200 microseconds = 2RC = 63 volts +
(63.2% x 37) = 86.4 volts. This value may be
found by following the Ec curve in Figure 45.

Theoretically, the capacitor never
reaches a fully charged condition; but at the
completion of 5 R-C seconds, approximately
99% displacement of voltage across the circuit
has occurred and for all practical purposes,
this 1s sufficient to be considered as full
charge. Refer to chart in Figure 45.

DISCHARGE®* The time required to discharge
a capacitor is the same as that required in
charging. Therefore, the time constant (R-C)
is proportional to the time required to charge
or discharge a capacitor.

In 1 R-C time of the discharge period,
36.8% of the original charge will remain in the
capacitor. The charge and discharge curves
are shown in Figure 46. Note the similarity;
exponentially they are the same.
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Fig. 46. R-C Charge and Discharge Curves
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FORMATION OF SQUARE AND SAWTOOTH
WAVES: If a source of DC voltage connected
to a resistive load is switched on and off in
equal alternate periods, the applied electrical
pressure across the resistor will take the form
of a symmetrical square-wave of voltage - see
Figure 47.

r—A‘—r-a et A8 -l-»A-r--B—-‘
1

SYMMETRICAL
SQUARE WAVE

SQUARE WAVE

N | L l— ASYMMETRICAL
NP 1 IR 0 1

B= SWITCH OFF TME.

A = switch on TiMe.

Fig. 47. Square Waveforms

On the other hand, if the circuitis
switched on and off in unequal alternate periods,
the applied voltage to the load would appear as
an asymmetrical square-wave - see Figure 47.
Therefore, by mechanically operating an on-
and-off switch, we are able to generate two
types of voltage wave forms. They are-

1. Symmetrical square-wave of voltage.
2. Asymmetrical square-wave of voltage.

Now, if a fairly large capacitor is con-
nected 1n series with the resistor, and a DC
source of supply 1s switched on and off in equal
time periodsto produce an applied square-wave
of voltage, the resistive and capacitive com-
ponents of the circuit will produce the followii g
wave-shapes.

1. The capacitor voltage, known as the
‘‘integrator’’ voltage, will appear as a back-to-
back sawtooth - see Figure 48,
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Fig. 48. Application of Square Wave of Voltage
to R-C Circuits

2. The voltage drop across the resistor,
known as the ‘‘differentiator’’ voltage, will
appear as a partially distorted square-wave -
see Figure 48.

NOTE: The polarity of the integrator voltage
is unchanged during the charge and discharge
period, while the differential voltage is driven
in two directions: i. e., positive and negative.

By increasing or decreasing the value of
the capacitor in the RC network, the integrator
and differentiator voltage waveforms are
changed, as shown in Figure 49.

Note that the output waveforms for the
100 microsecond circuit are similar to the ones
shown in Figure 48. Wher the capacitor is in-
creased 1n value to give a time constant of
1000 microseconds, only a slight voltage is ob-
tained across the capacitor, while the voltage
across the resistor is distorted very little
from the applied waveform. On the other hand,
when the value of the capacitor is reduced to
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give a time constant of 10 microseconds, the
voltage waveform across the capacitor is sim-
ilar to the applied voltage, while the waveform
across the resistor is differentiated a great
amount, giving very sharp positive and negative
peaks. Keeping in mind that the waveforms
applied to each of the circuits in Figure 49 are
identical as to frequency and amplitude, it can
be seen that a square wave can be differenti-
ated or integrated a variable amount to give
the desired wave-shape by properly selecting
the values in the RC circuit.

At this point we are interested in the in-
tegrator voltage; so, advancing still further in
the study of wave-shapes and circuit analysis,
let us refer to Figure 50.

Here we have a circuit arrangement
where a capacitor is permitted to charge
through a 10K ohm resistor, and by throwing a
switch the capacitor is discharged through a
1K ohm resistor. If the charge time is longer
than the discharge time, for instance, let us
say 10 times longer, the charge and the dis-
charge voltage of the capacitor will take the
form of a sawtooth of voltage. See Figure 51.

The slow charge and the rapid discharge
effects can be clearly seen. To obtain linear
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horizontal and vertical scanning for building a
frame or raster, it is necessary to generate
and apply linear sawtooth waves to the deflec-
tion systems of the cathode-ray tube.

OHANE

SECTIONII CATHODE RAY — BEAM DEFLECTION SYSTEMS

CHAPTER 6. SAWTOOTH GENERATORS

Generally, production of a sawtooth wave
involves the charge and discharge of a capaci-
tor through resistors which differ greatly in
size between the charge and discharge circuits.
An introduction to this concept has been cover-
ed under the heading of R-C Circuits (pages
34 to 38). It has been shown that, to produce a
sawtooth waveform, we need a simple circuit
consisting of a source of voltage, a single pole-
double throw switch, resistors and a capacitor.
The capacitor is charged through a high value
of series resistance. The voltage across the
capacitor at any instant of time has been shown
in Figure 43. It will be noted that the initial
portion of this voltage-time curve is essentially
a straight line. If we can short-circuit the
capacitor before extreme curvature of the
charge-time has occurred, and immediately
initiate another charging cycle, we have pro-
duced a sawtooth wave. This sequence of
events could be accomplished by the use of a
mechanically operated switch. (See Figure 51.)
Since this entire operation must occur in a few
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millionths of a second, it is obvious that the
use of such a mechanically operated switch is
impractical. For this reason we will resort to
some of the properties of electron tubes to
accomplish the switching sequence.

While modern television receivers em-
ploy vacuum tube oscillators and vacuum tube
wave shaping circuits to accomplish the pro-
duction of the ideal sawtooth scanning motion
previously described, it will be instructive to
examine the earlier forms of circuits employ-
ed. These methods are no longer used in
television sets, but they are undoubtedly fam-
iliar since their application is still common in
the cathode-ray oscilloscope.

NEON TUBE RELAXATION OSCILLATORS:
The familiar neon gas-filled tube, employed in
sign lighting, is one of the simplest automatic
switches for the purpose of short-circuiting
the capacitor at the proper instant to produce a
sawtooth voltage wave. A gas-filled tube hav-



CATHODE-RAY - - BEAM DEFLECTION SYSTEMS

ing a pair of electrodes and connected to a
source of electrical potential exhibits interest-
Ing properties as the voltage across the elec-
trodes 1s gradually increased. No electrical
currert will flow through such a tube until the
voltage reaches a value known as the ‘“1oniza-
tior potential’’. The tube, until this voltage has
been reached, has acted as an open circuit or
as an extremely high resistance. However
when the 1011zation potential has been reached,
the pressure, or voltage, tears electrons from
the atoms of the gas and leaves such stripped
atoms with a positive potential. Under this set
of conditions the free negative electrons are
rapidly collected by the positive electrode, the
positively charged atoms are correspondingly
attracted to the negative electrode and current
passes through the tube. The resistance of the
tube suddenly changes and it can be considered
as a voltage operated switch. Figure 52 shows
the method of using such a gas-discharge valve
as a switch across a capacitor.
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Fig. 52. Neon Tube Relaxation Oscillator

It will be seen that when the charge in
the capacitor has produced a voltage across
the tube equal to its 1onization potertial, the
tube will suddenly conduct and start to dis-
charge the capacitor. An interestirg property
of the tube, is the fact that once conductior of
current has started it will continue even though
the voltage has dropped below the original ig-
nition point. Current will continue to flow until
a lower level of voltage, known as the de-ioi -
ization potential, is reached. At this point the
atoms of the gas regain their free electrons

and the tube returns to its non-conducting con-
dition.

The charging cycle from the voltage source
through the series resistor 1s resumed and the
cycle continues until 10nization again occurs.
This sequence of events is shown diagramatic-
ally in Figure 52. Such an automatically oper-
ated switching circuit 1s known as a relaxation
oscillator because during the periods between
its trip-over action the circuit is under normal
(or relaxed) charging condition.

THYRATRON RELAXATION OSCILLATORS:
The negative grid-controlled thyratron 1s an
improved form of gas-discharge tube. Such a
tube is essentially the same in action as the
simple neon lamp previously described, with
the following exceptions:

1. A source of electrons in the form of
an electrically heated cathode, supplies the
electrical current for the discharge portion of
the cycle.

2. The trip-over, or triggering action, is
urder the control of an additional element sim-
1llar to the grid of the familiar radio vacuum
tube. This element is rormally held at a nega-
tive potential and prevents current conduction
between the cathode and plate, or anode, by its
repelling actior on the electror s emitted by the
cathode.

3. The gas normally employed 1s not
neon but preferably mercury or argon.

A relaxation oscillator can be built with
this tube and its action is more easily control -
led than that of a simple neon gas tube. Figure
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53 shows the basic circuit of a thyratron saw-
tooth generator. In order to assure that the
rise of the charging potential is linear, only a
small portion of the plate or ‘B’ voltage is
allowed to charge the capacitor. The grid is
held at a sufficiently negative potential to in-
sure that there is no plate current. In the
diagram this grid potential is provided by a
bias battery. Trip-over of the circuit can be
produced by a positive pulse of voltage applied
to the grid. Once initiated, plate current will
flow until the plate voltage has dropped to a
point which corresponds to the de-ionization
potential as described in connection with the
neon oscillator.

A circuit of this type is frequently em-
ployed 1n cathode-ray oscilloscopes and has
also been used in pre-war television sets both
in this country and abroad. Post-war receiv-
ers no longer employ gas tube relaxation
oscillators due mainly to the fact that such
oscillators are not sufficiently reliable in op-
eration with fluctuating power line voltage,
temperature and time.

VACUUM TUBE SAWTOOTH GENERATORS.
We have seen that the requirements of a de-
vice to produce a sawtooth voltage waveform
are basically those of applying a voltage to a
capacitor through a series resistarce and after
the capacitor has reached a pre-determined
charge, removing the voltage by a virtual short-
circuit. This order of events can readily be
accomplished by high vacuum type tubes rather
than gas tubes.

It general, modern television sets have
employed three distinct types of circuit
arrangements, or combinations of these cir-
cuits, to produce sawtooth waveforms.

1. The multivibrator. This circuit
arrangement admits of many variations, the
most popular of which is the cathode-coupled
version.

2. The blocking oscillator. This type of
circuit permits the formation of a short-time
interval pulse of energy which can be used to
produce the sawtooth wave across a capacitor
directly associated with the oscillator tube, or
can employ the pulse to trigger a ‘‘discharge”’
tube which acts as a switch across the capaci-
tor.

3. The sine-wave oscillator. An oscil-
lator of the correct frequency supplies the
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timing voltage for the discharge tube and has
sine-wave output modified to the form of short-
time pulses by intermediate or wave-shaping
circuits. These pulses are then used to operate
a discharge tube to produce sawtooth waves.

THE MULTIVIBRATOR CIRCUIT. One
of the most popular of television scanning gen-
erator circuits is the multivibrator. This is
another form of relaxation oscillator which
employs vacuum tubes, resistors and capacitors
in a feedback arrangement.

The multivibrator derives its usefulness
from the fact that tubes can be made to act as
automatic switches to control the charge and
discharge of capacitors. This produces a sus-
tained output of rectangular wave form, the
frequency of which can easily be controlled by
the horizontal or vertical synchronizing pulses.

Several versions of the multivibrator
circuit are fourd in modern television sets but
since they are derived from a basic or conven-
tional type we will first examine the operation
of the fundamental circuit.

The Conventional Multivibrator. The
basic free-runnirg multivibrator might be con-
sidered as a two stage resistance-capacitance
coupled amplifier with overall feedback ap-
plied by means of a capacitor connected from
the output of the second stage to the input of
the first.

Figure 54A shows a familiar two stage
audio amplifier. The addition of one circuit
element (C1 shown in dotted lines) converts
this amplifier into a free running multivibrator
type oscillator. Figure 54B shows a symmet-
rical rearrangement of the same circuit as it
is usually presented in text books and receiver
schematic diagrams,

Since, in a single stage resistance coup-
led amplifier, the phase of the plate voltage is
inverted (1800) with respect to that of the input
or grid voltage, it follows that the output volt-
age of the second stage (T2) of the two stage
amplifier will have again been inverted and will
be in phase with the input (T1) voltage. Capac-
itor C1 of Figure 54 will therefore impress
upon the first grid, a voltage of the proper pol-
arity to increase or augment the original input
voltage and oscillation can take place.

To follow through the manner in which
oscillation starts and is maintained in this cir-
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(A) AS A TWO STAGE AMPLIFIER WITH
CAPACITIVE OVERALL FEEDBACK.,

Cl

wopre

ca2

(B) SAME CIRCUIT AS USUALLY DRAWN,

-8
Fig. 54. The Conventional Multivibrator

cuit, let us assume that the cathodes are heated
and that B+ voltage is suddenly applied. Both
grid circuits are returned to their respective
cathodes through grid resistors and at the in-
stant of applying B+ voltage the grids will be
substantially at cathode potential or zero bias.
Grid current as well as plate current will start
to flow in each tube.

It will be instructive at this point to list
in numerical order with reference to Figures
54 through 57, the sequence of events which
produces the sustained rectangular shaped
output wave of the multivibrator.

1. Since the resistance of the internal
cathode to grid path, under this initial condition
of zero bias and high grid current, is much
lower than the resistance of the grid resistors
R1 and R2, the two capacitors Cl1 and C2 will
begin charging from the B+ supply through re-
sistors R4 and R3 respectively. This charging
path is shown by the arrows of Figures 55A and
55C.

2. Now, if the characteristics of both
tubes and the value of the circuit elements
were exactly matched, the charging rate of
both capacitors would be identical and plate
current rise of both tubes would occur simul-
taneously. Under these conditions, a state of
equilibrium would be reached and the circuit
would not produce oscillation. Such a set of
conditions is not met in practice and a balance
is not established.

3. In the practical case, one of the tubes
will start to conduct plate current sooner than
the other. This could be due to a number of
causes such as, lower plate resistance, hotter
cathode or slightly lower plate load resistor.
Let us assume that the plate current of T1 has
started to rise a fraction of a second ahead of
that of T2.

4. This rise of plate current will be
accompanied by a drop in plate to cathode re-
sistance and a corresponding drop in plate to
cathode voltage. Figure 56A shows this set of
operating conditions. The low plate resistance
of T1 forms a discharge path for C2 as shown
in Figure 55D.

5. The discharge current of C2, flowing
through the high value of grid resistor R2, de-
velops a high negative grid bias on the grid of
T2. This drives the tube beyond plate current
cut-off as shown in Figure 56B. The bias de-

C
CHARGE PATH OF C2

A
CHARGE PATH OF CI

ARROWS SHOW DIRECTION OF ELECTRON
FLOW DURING CHARGE ANO DISCHARGE .

Fig. 55. Capacitor Charge and Discharge
Paths in a Multivibrator
41
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TUBE CONDUCTING PLATE
A. CURRENT MAXIMUM.

TUBE NON-CONDUCTING PLATE

B. CURRENT cuT-OFF.

CONDITIONS TYPICAL FOR 6J5 OR i 6SN7

+B -

125V

_B -+
@GRID AT ZERO BIAS SINCE

GRID COUPLING C HAS DIS-
CHARGED THRU OTHER TUBE rp-

@ Fe LOW (10,000 . APROX.).
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2

[

@GRID BIASED NEGATIVE BY
DISCHARGE OF C THRU Rg.
Ip CUT -OFF.

@ o OF TUBE VERY HIGH,
PRACTICALLY INFINITE.

Fig. 56. Tube Operating Corditions in Multivibrator Oscillators

veloped by this discharge action may be as
high as 30 to 50 volts in the example shown.

6. Since the plate current of T2 has been
cut off, its plate to cathode voltage becomes
that of the B supply (see Figure 56B), and will
remain at that value until the grid voltage has
arrived at such a point on the discharge-time
curve that the grid is no longer cut off.

Note: Since the above set of conditions has
brought the cycle of operation to one of the two
stable or ‘‘relaxed’’ operating points of the
circuit it would be helpful to summarize the
changes of circuit voltages which have occurred
over the period covered by steps 1 - 6.

T1 -- Plate to cathode voltage at its
minimum value and steady. Tube
conducting.

T2 -- Plate to cathode voltage at its
maximum value and steady. Tube
not conducting.

T1 -- Control grid voltage zero and

steady.
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T2 -- Control grid voltage highly nega-
tive but falling exponentially with
time as C2 discharges through R2.

7. The time required for C2 to discharge
will depend on the time constant of the dis-
charge circuit which comprises C2, R2 and the
plate resistance of tube T1. See Figure 55D.
The negative voltage across R2, which consti-
tutes the grid bias of T2, finally decreases to a
value which will allow T2 to conduct heavily.
Figure 57 shows the wave forms of the grid and
plate voltages of both tubes as a function of
time. The part of these waves between (a) and
(b) in this figure cover the steps which have
been outlined up to this point.

8. As T2 starts to conduct, conditions in
this tube become identical to those described
in step 4 for T1, except that the tubes and cap-
acitors have exchanged functions, and the dis-
charge path of capacitor C1 is now as shown in
Figure 55B.

9. The discharge current of C1 flowing
through R1 now biases T1 beyond cut-off as de-
scribed in step 5.
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Fig. 57. Typical Waveforms of a Symmetrical Multivibrator Showing Square Wave Switch Action

10. Since the plate current of T1 has been
cut off, the plate to cathode voltage assumes
the value of the B+ supply 1n similar fashion to
T2 in step 6.

11. The rise in plate voltage of Tl 1s
impressed on capacitor C2 startiig a charging
cycle as shown 1n Figure 55A.

12. Since the internal grid to cathode
path of T2 is conductive due to the zero grid
bias condition, the chargirg resistance is very
small and C2 1s charged very rapidly. This 1s
shown at time (b) of Figure 517.

A new cycle has been started and we have
arrived at a similar set of conditions to those
described at the end of step 6.

We can now summarize the conditions of
circuit voltage and compare them with those
found at the end of step 6.

T1 -- Plate to cathode voltage at its max-
imum value and steady. Tube not
conducting.

T2 -- Plate to cathode voltage at its min-
imum value and steady. Tube con-
conducting.

T1 -- Control gridvoltage highly negative
but falling exponentially with time
as C1 discharges through R1.

T2 --Control grid voltage zero and

steady.
v 43
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Fig. 58. Waveforms of an Asymmetrical or
Unbalanced Multivibrator

It will be noted that the new set of con-
ditions which represent the other stable or
relaxed operating point is the same as before
except that the tubes and grid circuits have
changed places with one another. This cycle of
events is shown in the waveform diagrams of
Figure 57 between times (b) and (c). This gen-
eration of a square wave will continue at a fre-
quency that is determined by the charge and
discharge time constants of the coupling net-
works R1 - C1 and R2 - C2.

In this symmetrical circuit it has been
assumed, but not previously stated, that the
corresponding grid resistors, plate resistors
and coupling capacitors are equal. When this
is the case, the time constants are equal and
the output wave shape from the plates is essen-
tially identical. The frequency of this multi-
vibrator can be changed by altering either the
resistors R1 and R2 or the capacitors C1 and
C2. A decrease in value of the time constant
will increase the frequency. If the R values or
the C values are changed equally the output
wave will remain symmetrical.

The Asymmetrical or Unbalanced Multi-
vibrator. In order to use the multivibrator to
produce the type of sawtooth wave required for
television scanning, it is necessary that suc-
ceeding square waves be unequal in length or
spacing, and for this reason the time constant
of the R-C circuit of one tube is deliberately
made much greater than the time constant of
the other. A multivibrator of this type is called
asymmetrical. Figure 58 shows the waveforms
obtained when the circuit constants of the
symmetrical multivibrator just described, are
changed in such a manner that the product
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(R1xC1) in the grid circuit of Tl1, is much
smaller than the product (R2xC2) of T2.

Waveform D of Figure 58 shows a short
time pulse of plate current occurring in tube T2
once each cycle, and it is this pulse whichwe
will employ to produce the scanning sawtooth
in proper time relationship to the scanning of
the camera tube at the transmitter.

Use of the Multivibrator to Produce Saw-
tooth Scanning. Figure 59 shows a circuit
similar to those which we have discussed under
the headings of symmetrical multivibrators
and also as an asymmetrical multivibrator. By
the addition of two new circuit elements we can
convert this arrangement into a method of gen-
erating sawtooth voltage waves for the control
of the electron beam by either the horizontal
or the vertical deflection plates of an electro-
static television picture tube. These new cir-
cuit elements are C3 and C4 (Figure 59). C3
is used as a coupling capacitor to connect the
multivibrator circuit to a source of synchron-
izing pulses which are part of the transmitted
television signal. The function of the synchron-
izing pulses and their action in the control of
the frequency of the multivibrator will be cov-
ered in a later chapter.

At this time, the additional circuit element
which concerns us, is the capacitor C4 connect-
ed between the plate and the cathode of T2.
For horizontal line scanning frequency of
15,750 cycles per second, the circuit is so
arranged that the time constant (R1xCl) is
approximately 1/9th of .the time constant
(R2xC2). Under these conditions the plate
current of T2 will consist of short pulses as
shown in Figure 58. These pulses represent a
condition of low resistance, and it is obvious

+8
I TO OEFLECTION
AMPLIFIER & PLATES
OF PICTURE TUBE

R3 \
—
c2
\ T / VOLTAGE WAVE
m \_‘ T { y ] ACROSS Ca
ﬁ/ == c4
ca Ri 2 R2 W
-dt 1 \
AN I
TO SOURCE -8 NOTE: R2 MADE VARIABLE

OF SYNCHRONIZING TO ADJUST OSCILLATOR S0
PULSE THAT (T WiLL BE "weLd” sy
‘Svnc” puLse (WOLD CONTROL)

Fig. 59. Sawtooth Scanning Wave from Asym-
metrical Multivibrator
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that during the time shown as the ‘‘conducting
period’’, tube T2 will act as a virtual short cir-
cuit across capacitor C4. In this manner the
multivibrator is acting as a periodic switch and
has fulfilled the requirements for the produc-
tion of a sawtooth wave as covered in pages 37
and 38.

This type of controlled multivibrator has
been used for both horizontal and vertical de-
flection scanning, in many of the lower priced
electrostatically deflected television sets.

The voltage of the sawtooth wave across
capacitor C4 (Figure 59) is of insufficient mag-
nitude to produce the required deflection.
Amplifiers are therefore needed, and usually
take the form of push-pull circuits incorporat-
ing a phase inverter. Another significant
difference between the circuit Figure 59 and
Figure 54 is the fact that R2 has been made
variable. This variable resistor is one of the
major controls of a television receiver, From
the previous discussion of multivibrator theory
it is obvious that variation of R2 will alter the
length of the portion of the operating cycle
shown controlled by (R2-C2) in Figure 58.
This represents the portion® of the sawtooth
wave which is active in scanning the face of the
cathode ray picture tube during video modula-
tion. Since this variable adjustment permits
the multivibrator to be ‘locked-in’’ with the
synchronizing pulse and ‘‘held”’ in step by that
pulse, it has been known in engineering circles
as a ‘“‘hold’ control. This nomenclature has
been carried over into the trade and many
modern television sets label this control knob
as ‘“‘horizontal hold’’ or as ‘‘vertical hold’’ de-
pending upon the particular function concerned.

CATHODE-COUPLED MULTIVIBRATOR: An
interesting variation of the multivibrator
which is becoming practically a standard for
inexpensive electrostatically deflected type
television receivers is the cathode-coupled
multivibrator or ‘Potter’’ circuit. This cir-
cuit is shown in Figure 60. A significant diff-
erence between this circuit and the conventional
multivibrator is the fact that feedback is
accomplished in two ways. The coupling capac-
itor C2 serves, as before, to transfer charges
from the plate of T1 to the grid of T2. In add-
ition, this circuit employs a cathode bias re-
sistor which is common to T1 and T2. This
common cathode resistor is responsible for
the unique action and the name of the circuit.
The second tube (T2) functions as a switch or
discharge tube for capacitor C4 which produces
the sawtooth waveform. From the theory of

VARIATION OF RESISTOR R4
CONTROLS AMPUITUDE OF SAWTOOTH —l

e — LU

Ra @
TO
c3 c2 T2 AMP
TO SYNC.

PULSES
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Rk .~ FREQUENCY,
('HOLD” CONTROL )

-
NOTE: IF C4 WERE REMOVED,
WAVE FORM PLATE OF ” “ ||
T2 TO GND.

SEE FIGURE 61 FOR VOLTAGE WAVE FORMS
AT POINTS INDICATED THUS

Fig. 60. Cathode -Coupled Multivibrator as
Sawtooth Wave Generator

the conventional and asymmetrical multivibra-
tors as previously discussed, the action of
this cathode-coupled version can be readily
understood. As before, we will assume that
the cathodes of the tubes are heated and that B+
potential is suddenly applied. Let us again
follow through in numerical order the sequence
which allows this circuit to.generate asymmet-
rical pulses.

1. Capacitor C2 will charge through the
path consisting of R3 and the grid to ground or
B- circuits of T2. This action will occur very
rapidly since the grid of T2 is initially at zero
potential,

2. Plate current will start to flow in both
T1 and T2 causing a bias voltage for both of
these tubes to be developed across the cathode
resistor, Rk.

3. This bias voltage will immediately
start to decrease the plate current of both
tubes which were initially in a conductive con-
dition since the control grids were at substan-
tially zero potential.

4. The flow of plate current through T1
causes a lower plate to cathode voltage drop
and a correspondingly lower plate resistance of
this tube.

45
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5. The low resistance path of T1 initiates
the discharge of coupling capacitor C2 through
R2. As in the conventional multivibrator pre-
viously discussed, this current flow through R2
produced a high negative bias on the control
grid of T2 which immediately sweeps the tube
to beyond its plate current cut-off point. It will
be noted that this circuit differs from the con-
ventional multivibrator in that there is no
coupling capacitor between the plate of T2 and
the grid of T1. For this reason, T2 is immed-
iately thrown into a condition of plate current
cut-off.

6. As in our discussion of the conventional
multivibrator, it will be constructive at this
time to summarize the voltage conditions which
have occurred up to this point:

T1 - Plate to cathode voltage at its min-
imum value. Tube conducting.

T2 - Plate to cathode voltage rising along
a portion of the charging curve which
is substantially linear. This rise of
plate voltage is charging capacitor C4
and initiating the first part of what
will eventually become a sawtooth
wave of voltage.

T1 - Control grid voltage negative and
steady. The tube is self-biased by its
own plate current flowing through the
common cathode resistor Rk.

T2 - Control grid potential highly negative
and exponentially dimishing in value.

T 7
SYNC. PULSE
Ec . U —
5 ADDED BIAS
DUE_TO CATHOOE.
l - RESISTOR

+7\/\/\/
Fig. 61. Voltage Waveforms in Cathode -Coup-

led Multivibrator
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7. T2 has been cut off during this period
and no plate current has been flowing. C2 has
been discharging through the path R2, Rk and
the cathode to plate circuit of T1. It is inter-
esting to note, that as the plate current of T2
was cut off by the high negative bias produced
across R2 by the discharge of C2, the plate to
cathode voltage did not immediately assume the
value of the B+ supply since the plate voltage of
this tube was maintained by the charge existing
in C4, which started simultaneously with the
closure of the B+ circuit. For this reason, the
plate voltage wave of T2 instead of being rec-
tangular form will be of sawtooth shape due to
the charge flowing into C4 (if C4 is removed
from the circuit then the plate to cathode volt-
age of T2 would rise immediately to the B+
value since the grid of this tube is cut off by
the high negative voltage resulting from the
discharge of C2).

8. As in the other types of multivibrators
already discussed, when the bias of T2 falls to
a value equal to the cut-off grid potential, T2
will start to conduct.

9. When conduction occurs in T2, C4 will
be discharged rapidly through the plate to
cathode circuit of this tube and its plate to
cathode voltage will drop to its minimum value.
See Figure 61. The sequence of events to this
point has resulted in the production of a saw-
tooth wave of voltage across capacitor C4.
Thus far, the action of the circuit has resem-
bled that of the conventional and asymmetrical
multivibrators previously discussed.

10. A significantly different actior now

* takes place. The sudden pulse of plate current

which occurs when T2 conducts, flows through
cathode resistor Rk, and since this resistor is
common to the cathode circuits of both T1 and
T2, the voltage produced by this plate current
pulse immediately drives the grid of T1 nega-
tive with respect to its own cathode.

11. This negative bias causes a sudden
increase in the plate to cathode resistance and
the plate to cathode drop of T1. The effect of
the sudden increase of T1 plate voltage is to
cause C2 to charge, thus instantaneously im-
pressing a positive voltage on the grid of T2,
momentarily increasing the value of the plate
current pulse of T2 which started the cycle.

12. The cumulative increase of plate cur-
rent flowing through common cathode resistor
Rk firally produces sufficient negative bias on
the grid of T1 to completely cut off the plate
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current, and the plate to cathode voltage rises /Ig;i,;';;::;;:

to its maximum value.

13. Capacitor C2 has become charged and

the plate current of T2 ‘‘relaxes’’. | \ )/
= oa al

14. This decrease in current flow in Rk . : \ \E; T
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The fact that a sudden and cumulative

action was produced in this circuit by the coup- B+ R3 VARIABLE FOR
ling of tubes T1 and T2 through a common CETREMERE IE
cathode bias resistor, accounts for its desig- Fig. 62. Blocking Oscillator as a Sawtooth
nation as a cathode-coupled multivibrator. The Generator
reasons for the preference for this type in tel -
evision design over the asymmetrical multi- Figure 62 shows the blocking oscillator
vibrator previously discussed, are as follows: in its simplest form. It appears upon casual
inspection to be a Hartley oscillator employing

1. It can be triggered and controlled by a an iron core transformer. In essence it is

negative pulse of voltage which often such an oscillator, but instead of providing sus-

leads to simplification of control cir- tained sine wave oscillations it produces short

cuits. time pulses of energy with correspondingly

. . long intervals of relaxed action. For this rea-

2. Its sudden and cumulative pulsing ac- son, it is classified as another form of relax-

tion in tube T2 permits a higher ratio ation oscillator. Two significant differences

of linear sweep time to return time. distinguish this circuit from the common

Hartley oscillator, namely:
3. Simple variable resistors R2 and R4 of
tube T2 (see Figure 60) permit control a. The time constant of the grid resistor

of both the frequency of scanning and R1 and the grid capacitor C1 is such that long
its amplitude. periods of blocked plate current occur between

. short periods of plate current conduction,

The wave shapes of the voltages at various During these short conductive periods oscilla-
points in this circuit, as a function of time, are tion takes place.
shown in Figure 61. These wave shapes are
identified by letters enclosed in ‘diamonds’ in
Figure 60. In all cases voltages are measured

to B- or ground.

b. The natural period of oscillation of the

transformer, with its associated distributed

and lumped circuit capacitances, is such that

the desired pulse time approximates one-half

cycle of the frequency at which the circuit

THE BLOCKING OSCILLATOR. Another would oscillate if it were of the continuous

type of vacuum tube circuit for the production sinusoidal type.
of controlled sawtooth voltage waves is known

as the ‘‘blocking oscillator’’. The blocking os- As in the case of the other types of saw-
cillator is becoming increasingly popular in tooth oscillators it will be instructive to follow
modern television sets as a means of producing through, in sequence, the various actions which
either vertical or horizontal scanning. This take place in this circuit.

popularity is due to the fact that its reliability

of operation and ease of adjustment are de- 1. We will again assume that the cathode

pendent upon circuit elements such as trans- of the tube is heated and that the plate circuit

formers, resistors and capacitors rather than is suddenly closed to provide B+ potential.

being dependent upon the characteristic of a Since the grid is initially at cathode or zero

vacuum tube which is employed in the circuit. potential, plate current will start to flow

Vacuum tubes are manufactured to rather wide through the primary of the transformer. This
commercial tolerance values and are subject sudden rush of current will set up a magnetic

field in the core of the transformer, inducing a

to change of characteristics with age.
47



CATHODE-RAY - - BEAM DEFLECTION SYSTEMS

secondary voltage across the grid winrding,
The direction of these windings is such that the
primary current will cause a positive potential
to appear at the grid with respect to cathode or
ground.

2. The positive voltage thus applied to the
coupling capacitor C1 causes the grid to be-
come more positive than the cathode. The grid
then attracts electrons from the emitted cath-
ode current, starting grid current through
resistor R1,

3. Simultaneously, the increasingly pos-
itive grid potential causes the plate to draw
still more current and the action is cumulative
until plate current saturation is reached. As
the plate current reaches a steady maximum
value no further change of current occurs
through the primary winding of the transformer.

4. Induction of voltage into the secondary
depends upon the change of magnetic flux ard
therefore at this time the secondary voltage of
the transformer ceases to rise.

5. As the grid tends to become less pos-
itive (C1 discharging through R1), the plate
current through the primary begins to decay
and the magnetic field linking the secondary
coil starts to collapse. Note: The time taken
for this sudden rise and decay of grid voltage
is governed by the natural resonant frequency
of the transformer with its associated circuit
capacitances.

6. The collapsing field in the transformer
due to the dropping plate current induces a
secondary voltage which is in the opposite di-
rection to the original plate current pulse. This
causes Cl1 to discharge through resistor R1
which drives the grid more and more negative,
hastening the decay of plate current and finally
causing it to reach a cut-off noint. While this
action of reversal of grid voltage ard cut-off of
plate current has taken considerable time to
describe, in reality it is practically instantan-
eous,

7. From this point, action in the tube
follows that described in the multivibrator and
the grid potential follows an exponential curve
of R-C discharge until the point of plate con-
duction is again reached.
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Fig. 63. Voltage Waveforms in Blocking Os-
cillator

8. The time taken for this discharge of C1
is dependent upon the time constant (R1+R2)xC1.

9. As the tube starts to conduct again,
oscillation starts and the cycle is repeated. It
will be seen from the curve of Figure 63 that
the plate voltage of the tube is nearly steady
and at its maximum value between the occur-
rence of these oscillatory pulses. It is evident
that we have fulfilled the conditions of sawtooth
charge and discharge of capacitor C3 in Figure
62 and have therefore produced a sawtooth
scanning wave. As in previous circuits, the
Grid resistor R1 can be made variable as a fre-
quency control (‘““hold’’ control) and a plate
circuit resistor made variable as a width or
height control.
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Continuing the study of the blocking oscillator,
it is important to note that in the circuit of
Figure 62, the sawtooth generating capacitor
C3, which is connected from plate to cathode of
the tube, modified the shape of the plate voltage
wave. We have seen that a similar type of
action occurred in the cathode-coupled multi-
vibrator circuit of Figure 60. I, in this
case, capacitor C3 had not been present the
voltage wave occurring between plate and cath-
ode of the tube would have the shape of Figure
63B. The excursion of the wave above the B+
axis at point x is caused by the stored energy
in the primary of the transformer. This action
is analogous to that of the constant current
Heising modulation choke of a transmitter. We
have already discussed a similar phenomenon
in connection with the ‘flyback’ system of
developing high voltage on pages 29 and 30.

When the capacitor C3 is connected the
voltage wave from plate to cathode assumes
the shape shown in Figure 63C. This is the
desired sawtooth deflection wave except for
the distorted section shown at y. This sudden
rise of the curve at this point is due to the
additional contribution of charging voltage
which occurred when the magnetic flux of the
transformer collapsed as explained above. The
plate voltage was prevented from following the
curve of Figure 63B by the terminal voltage
contribution of capacitor C3. In the practical
use of this circuit in television receivers the
distorted section of the wave at y is of no con-
sequence since it is ‘‘blanked out’’ as will be
explained later.

Discharge or Trigger Tube. In many
modern television sets, pulse generators are
not used as the direct control of the sawtooth
charge anddischarge of the capacitor, but rath-
er are used to trigger an additional tube known
as a “‘discharge tube’’. Thistube in turn short-

B+

v AMPLITUDE
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Fig. 64. Blocking Oscillator and Discharge
Tube as a Sawtooth Generator

circuits or discharges the capacitor. Figure
64 shows a blocking oscillator, of the form
previously described, whose grid is connected
directly to a second tube the only function of
which is to conduct plate current, and in con-
sequence discharge capacitor C2 at the proper
instant to produce the sawtooth wave. The in-
troduction of this extra tube provides independ-
ence of functions as compared with the simpler
form of Figure 62 which might suffer from
some interaction of controls. The discharge
tube can be used with any type of relaxation
oscillator in which the plate current occurs
over short intervals of the operating cycle.

SINE WAVE GENERATORS. It is possible
to employ the familiar sine wave oscillator to
produce pulses which, in turn, will trigger a
discharge tube associated with a sawtooth
wave-forming capacitor. Only a short portion
of the sine wave is used and it is passed
through what are known as “clipping’’ stages
to ‘““bite’’ off a small section of the wave. In
this manner the output of the clipper is in the
nature of a pulse. The utility of this type of
circuit will be discussed later when we consid-
er the control of scanning by the synchroniz-

ing pulses.

These oscillators are biased to run in a
similar fashion to class C transmitter tech-
nique in which plate current is cut off for part
of the cycle. Part of the necessary clipping of
the sine wave to produce a pulse is already
accomplished in the oscillator. Their action
will be covered in greater detail when we dis-
cuss actual television deflection circuits.

SUMMATION OF THE THEORY OF MULTIVI-
BRATOR AND BLOCKING OSCILLATOR
ACTION:

1. Multivibrator circuits constitute a
means of employing vacuum tubes as electron-
ic switches to control the charge and discharge
cycles of a capacitor for the production of
sawtooth waves.

2. This switching action by the tubes is
practically instantaneous and is limited in
timing by the circuit elements, rather than by
the tube itself. It is interesting to note that the
velocity of the electrons in a tube, which is
suddenly driven to saturation after a condition
of plate current cut-off, can approach one-tenth
of the velocity of light or approximately 19,000
miles per second.
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3. When an electron tube acts as a voltage
operated switch, it is sudderdy changed from a
condition of ‘‘no plate current’’ to one in which
plate current is limited only by the ability of
the cathode to supply electrons (plate current
saturation). These two states are illustrated
in Figure 56. Since this action is used in other
sections of a television receiver. it is valuable
to become thoroughly familiar with the steps
involved.

4. Multivibrator circuits mayv be either
symmetrical or asymmetrical. Iff the first
case, the result is the production of square
voltage waves. These resemble a ‘‘Roman
Key’’ pattern. The symmetrical multivibrator
is useful at the television transmitter in the
production of the complex television signal. It
has no present use in the receiver and for that
reason we are interested only in the asymmet-
rical type.

5. The asymmetrical multivibrator pro-
duces voltage output waves in which a short
pulse of rectangular shape is followed by a
long space or ‘‘gap’’. This short pulse of
voltage can be used to switch a vacuum tube
from a condition of plate current cut-off to a
condition of plate current saturation.

6. If a capacitor of the correct value has
been connected across the plate of this tube.
the long periods between pulses will have been
occupied by the gradual or exponential charg-
ing cycle. and the voltage across the capacitor
will rise in a substantially linear fashion.

7. When the short rectangular pulse of
voltage is suddenly applied to the grid of the
tube, and the tube becomes conductive, it will
short circuit the capacitor and start a new
sawtooth wave.

8. An important reason for the use of this
means of generating sawtooth waves, is the
fact that dual triode tubes such as the 6SN7 can
be employed in lieu of the two tubes shown in
the illustrations.

Dual tubes in one envelope present a diff-
icult control problem in the plant of any tube
manufacturer. For this reason, erratic scan-
ning action in a television set can often be
remedied by tube interchange. Fortunately,
there are many other circuits, such as clippers,
sync separator<. etc., where the same tube
type is used, and where its characteristics are
not critical. The cure for unstable multivibra-
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tor action is often found in the simple inter-
change of tubes.

9. Checking the values of resistors and
capacitors. determining that there are no open
or short circuits. and substituting tubes. con-
stitutes the normal service procedure in multi-
vibrator scanning generators.

10. The blocking oscillator requires only
one vacuum tube. as contrasted with the multi-
vibrator which depends upon a phase rotation
of 360° through two tubes. The phase of feed-
back in the blocking oscillator is provided by
the relationship of transformer windings.

11. The characteristics of the transform -

er determine the length of the conduction time

or ‘‘closed switch’’ part of the cycle. This
time is approximately one half cycle of the
transformer resonant frequency as tuned by its
associated capacitances.

12. The ‘‘relaxed’’ time between *‘switch
on’’ nr conduction periods is determined by the
time constant of the grid circuit capacitor and
its discharge resistors. The grid resistor can
be made variable to control the frequency of
oscillation, and allow synchronization with the
transmitted sicnal.

13. In the blocking oscillator, plate to
grid feedback through the transformer sets up
a grid current which charges the grid capaci-
tor, causing the grid to be driven positive
momentarily. This, in turn, causes the plate
current to rise to its saturation value. The
plate current then begins to decay, and reversal
of direction of the induced grid voltage causes
the grid capacitor to discharge through the
grid resistor. The grid is then driven very
negative. cutting off plate current. The cycle
repeats itself as soon as the voltage across the
resistor reaches a value which will allow the
grid to again initiate plate current.

14. Discharge or “trigger’’ tubes are
frequently used with pulse generators, such as
the blocking oscillator, to provide separate
control of scanning wave size and shape. An-
other function of discharge tubes is to provide
a means of producing special wave shapes for
particular scanning requirements. This sub-
ject will be covered in detail later in the text.
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CHAPTER 7. THE SAWTOOTH SCANNING RASTER

It will be instructive, at this time, to
examine in somewhat greater detail the re-
quirements of the sawtooth scanning waves
which produce the raster. We have mentioned
at several times in the text that the horizontal
and vertical sawtooth motion of the electron
beam of the picture tube must keep in step
accurately with a similar set of sawtooth scan-
ning movements occuring at practically the
same instant in the camera tube at the trans-
mitter.

To accomplish this synchronization,
pulses of a distinctively different nature for the
control of horizontal and vertical scanning re-
spectively, are transmitted as an integral part
of the television signal. These pulses occur
between each horizontal frame. During the
scanning of the frame itself the operation of the
receiver is ‘‘on it’s own’’. However, during
the short interval which occurs between suc-
cessive horizontal frames, the action of the de-
flection circuits of the receiver are the abso-
lute ‘“slave’’ of the transmitter, providing the
set is well designed, operating properly, and
being used in an area of adequate field strength.

While the metnod of separating or sort-
ing these pulses from the complex signal are
properly a matter to be taken up later in this
course, at this point we should examine the re-
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lationship in timing which these pulses bear to
the control of the sawtooth scanning action of
the receiver. Figure 65 shows the sequence
of events which occur during the scanning of
one horizontal line and the return of the elec-
tron beam to start the scanning of the next line.

It should be understood that the sawtooth
motion is that of the electron beam of the
cathode ray picture tube and not necessarily
the form of voltage applied to the deflecting
plates of an electrostatic tube or the wave of
current which must occur through the deflect-
ing coils of a magnetically controlled tube. We
will find somewhat later that it will be necess-
ary to introduce deliberate distortion of these
voltages and currents to accomplish the linear
sweep and rapid flyback of the beam of elec-
trons which is tracing the picture.

As a radio service technician, you have
been familiar with alternating currents whose
frequencies are in the order of millions of cyc-
les or alternations per second. Up to this
time it has not been necessary to consider
these frequencies in terms of actual motion.
The sequence of events which happen in the
picture tube of a television receiver involve the
motion of an electron stream at speeds which
have not as yet been accomplished mechanically
even in rocket propulsion.
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Fig. 65. Horizontal Scanning Wave
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Figure 65 shows the ideal sawtooth for
the control of the horizontal scanning motion of
a television set. At point ‘A’ the electron beam
starts to cross the face of the picture tube,
which we will assume isten inches in diameter,
and has an active picture length in the horizon-
tal direction of eight inches. The beam has
blanked out over the distance ‘A’ to ‘B’ and the
picture itself starts at the point ‘B’. Between
the points ‘B’ and ‘C’ as the uniform motion
progresses, the video modulation is active in
producing the picture.

As we have previously stated, the picture
frame consists of 525 horizontal lines which
are reproduced each 1/30th of a second. (30
frames per second times 525 lines per frame
equals 15,750 horizontal lines per second.)
This means that the time which can be allowed
for the trace of a line and its return to start
another line is 1/15,750th of a second.

At this point we should introduce the idea
of talking about these extremely short time in-
tervals in multiples of one millionth of a sec-
ond. This unit of time is known as the ‘‘micro’’
second. Such a term should be familiar to you
as a practical radio service technician as it is
the length of time required for the completion
of one cycle of carrier wave at the middle of
the broadcast band or 1000 KC. The entire
horizontal action including the tracing of the
picture line and the return to start a new line
occurs in 63.5 microseconds.

In order to comprehend what this means
in terms of motion of the electron beam over
the active part of the picture we can divide the
eight inches of picture length by the time of
scanning (53.34 microseconds) and obtain a
velocity of 2.37 miles per second. The retrace
time which is shown in the figure between the
point ‘D’ and ‘E’ is 7 microseconds and since
this retrace is over the same eight inches of
horizontal motion it is obvious that the speed of
the spot (blanked out to produce no light) must
be much more rapid, Actually this retrace in
the ideal case amounts to a beam velocity of
21.64 miles per second.

As was previously stated, the sequence of
events must occur in absolute synchronism
with a similar sequence occurring atthe same
mstant 1n the camera tube at the transmitter.
In order to accomplish this, pulses are sent
out from the transmitter between each horizon-
tal trace. The shape of these pulses is shown
above the sawtooth wave, in Figure 65. At
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the instant shown as ‘F’ enough voltage appears
at the grid of the picture tube to ‘‘blank out”
all light. The region from ‘F’ to ‘G’ is known
in television slang as the ‘‘front porch’’. The
region is slightly more than one millionth of a
second in duration. At point ‘G’ the carrier
wave of the transmitter instantly increases by
approximately 25% of its average value. This
sharp rise in carrier is utilized to ‘““trigger”’
scanning generators in the receiver which are
used to produce the required sawtooth motion
of the electron beam of the picture tube. The
exact means of utilizing the pulse to accom-
plish this triggering will be described later in
this course. The horizontal beam does not
trace a line parallel with the top of the picture
but has a downward slope which is 1/60th of the
vertical height of the picture. Refer to Figure
28, Page 24.) This motion in the vertical dir-
ection is under the control of a vertical scan-
ning sawtooth which serves to move the picture
to the bottom of the image and then rapidly re-
turn it to the top. The motion of the electron
beam from the top to the bottom of the picture
occupies 1/60th of a second. It is easy to see
that this vertical scanning motion is very much
slower than the horizontal line tracing action
and requires 16,666 microseconds for its re-
petition. Pulses are sent out between success-
ive fields to lock in, or control as a ‘“‘slave’’,
the vertical scanning oscillator of the receiver.

A cycle of the vertical deflection saw-
tooth wave is shown in Figure 66, together with
an enlarged section of that part of the wave
which occurs during blanking and retrace.

It will be seen that the portion of the
television signal which controls vertical re-
trace and synchronization is much more com-
plicated than the single horizontal pulses which
occur between successive horizontal lines. In
appearance the vertical synchronizing signal
resembles a comb with uneven teeth. If its
only function were to trigger the vertical
oscillator and to blank out the picture tube
screen during retrace, it could be made in the
form of a single long rectangular pulse, whose
time duration is that of from 20 to 22 horizon-
tal lines (1250 - 1450 microseconds).

However, it has to perform two other
functions, namely: those of continuing to keep
the horizontal scanning oscillator in step dur-
ing the vertical retrace period and also to
assure that alternate fields have proper inter-
lace of the horizontal lines.
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Fig. 66. Vertical

The first function of keeping horizontal
synchronization correct is accomplished by the
serrations (notches) ‘B’ and pulses ‘A’, ‘C’ and
‘D’ shown in Figure 66. The second function of
controlling interlace is taken care of by the use
of the equalizing pulses ‘A’ and ‘C’ shown in
Figure 66, preceding and following the vertical
~ sync pulse 1itself.

The exact composition of the complex
wave which constitutes the television signal
does not need to concern us at this time, be-
cause it involves an understanding of those
portions of a television receiver which, as
stated on page 3, are included under ‘‘Cathode-
ray beam modulation and synchronization’.

CONTROL OF SCANNING GENERATORS BY
SYNC PULSES: We have seen that it is
necessary for the scanning systems of the
receiver to keep in accurate step with the
scanning raster of the camera tube at the
transmitter, and have described the type of
synchronization pulses which are made part of
the television signal to satisfy this require-
ment. '

|
|

i
- |
]

DURING THIS PERIOD (1250 - 1400 MICROSECONDS) ~

BLANKED-

Scanning Wave

For the reproduced picture to be of satis-
factory character, the picture elements of
adjacent horizontal traces must line up with
considerable accuracy, and the lines of alter-
nate fields must interlace or space accurately
between one another.

To avoid a displacement of more than one
picture element in successive horizontal lines,
the frequency stability of the horizontal oscil -
lator must be .2 percent or better. Figure 67A
serves to illustrate horizontal displacement.

To avoid “‘pairing’’ of the lines of succ-
essive fields (the lines lying on top of those
of the preceding field instead of being properly
interlaced), the stability of the vertical oscil -
lator must be better thar .05 percent. Figure
67B illustrates this displacement.

In each of the impulse generating circuits
(cathode -coupled multivibrator and blocking
oscillator), which have been described as suit-
able for television scanning, coupling means
have been indicated in the grid circuits for the
introduction of synchronizing pulse controls.
See Figures 60, 62 and 64.
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IDEAL CONDITION - PICTURE ELEMENTS ENLARGED
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Fig. 67. Picture Element Displacement which
might Result from Scanning Oscillator Insta-
bility

The horizontal and vertical pulses are
‘““clipped’”’ from the signal, amplified, and
passed through circuits which ¢’classify’’ them
so that each will control only its own scanning
oscillator. The methods of accomplishing
these operations will be described later. The
end result is a short, sharp ‘“pip’’ for the hor-
izontal control and a long triangularly shaped
pulse for the vertical control.

In considering the manner in which the
pulse controls oscillator frequency, three fact-
ors are of importance:

1. The free running frequency of the
sweep generator. - - This is the frequency
which would be generated at any particular
setting of the ‘‘hold’’ control, if the sync pulses
are not present. It can be slower than the
pulse repetition rate, faster, or in exact step.
It will be shown later that for proper stable
operation of the receiver, the slow condition is
required.

2. The firing point of the sweep gener-
ator. - - This is the grid bias voltage of the
controlled tube which initiates conduction in the
discharge tube. thus starting capacitor dis-
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charge and retrace of the scanning wave. It is.
this point in the cycle at which the oscillator is
most sensitive to control by the sync pulse.

3. The synchronizing frequency. - - This
is the rate at which the pulses are applied to
the control input terminal of the oscillator, and
is determined by the signal. See Figures 65
and 66.

Since the control action of the blocking
oscillator can be more readily illustrated dia-
grammatically, we will consider its operation
first.

PULSE CONTROL OF THE BLOCKING
OSCILLATOR. As has been shown on pages 47
and 48, the ‘‘firing”’ point of a blocking oscil -
lator is the instant that the grid potential
passes the cut-off point. When the oscillator
is ‘‘free running”’ this point is determined by
the time constant of the grid capacitance and
resistance. If at-any time during the discharge
of the grid capacitor through the resistor,
positive voltage were to be added to the grid
potential from an external source, to the ex-
tent that the grid potential passed the cut-off
point, the tube would start to conduct and the
sawtooth forming capacitor would discharge.
This would start retrace and a new sawtooth
scanning cycle would begin.

Figure 68 illustrates this action in detail.
At A 1s shown an enlarged portion of the block-
ing oscillator grid voltage wave, whose opera-
tion has been described on pages 47 and 48 and
illustrated in Figure 63. The series of syn-
chronizing pulses below ‘‘A’’ shows a series of
pulses marked ‘‘O’’ whose leading edges are in
exact ‘‘step’’ with the wave. In this case, the
free running frequency of the oscillator is not
affected by the pulses. They merely add to the
grid voltage at the same instant that it was
being driven positive by the plate current
pulse. If, on the other hand, the sync pulses
were occurring at the points indicated as “‘1’’,
the addition of the pulse voltage, to the voltage
due to the discharge of C1 through R1 (see
Figure 62), is still short of the cut-off bias
point, and will not ‘‘fire’’ the tube. However,
if the pulses were occurring at times 2 or 3,
the critical bias would be exceeded, the tube
would immediately become conductive, and re-
trace would start at that point. The oscillator
has been ‘‘forced’’ into step with the repetition
rate of the sync pulses.
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Fig. 68. Pulse Control of the Blocking Oscil -
lator

At this time it is interesting to examine
the differences in this forced drive action
under the conditions; (1) oscillator running
faster than sync pulse rate, (2) oscillator run-
ning slower than sync pulse rate.

Figure 68B shows the condition of an os-
cillator which is running faster than the sync
pulse rate. A number of cycles occur before
the contribution of the pulse to the grid voltage
wave is able to ‘‘fire’’ the tube. This action
occurs at point x. It would appear that after
this ‘“lock in’’ has taken place, and repetition
of action ensues as at y, control would be sat-
isfactory. Such is not the case, for two rea-
sons, namely.

1. The synchronizing pulses are occur-
ring during the active scanning interval, and
the picture is divided in two during the ‘‘blank-
ing’’ interval. This phenomenon is similar to
the frequent occurrence in old time movies
when the projector ‘‘got out of frame’’ and the
picture was divided in the middle with the
hero’s feet at the top of the screen and his

.

head at the bottom. This situation will be
taken up in greater detail later when we dis-
cuss ‘‘controls’’ and the effect of their malad-
justment.

2. In the fast running condition, the oscil -
lator is very susceptible to ‘‘triggering’’ by
static and automobile ignition interference.
The effect on the picture is to ‘‘tear out”
horizontal lines.

Figure 68C shows the condition which
occurs when the free running frequency of the
oscillator is lower than the sync pulse repeti-
tion rate. It is evident that ‘‘lock in’’ occurs
much faster and a more stable operation en-
sues. This is a desirable mode of operation
because the sync pulses always occur at the
end of scanning action and the possibility of
‘“‘parting’’ the picture, as described, cannot
occur.

For control of the blocking oscillator just
described, the sync pulses are in the positive
direction. When we reach the study of pulse
clipping and amplification, we will find that a
sync pulse can be made either positive or neg-
ative with respect to ground (or the chassis),
depending upon the number of tubes through
which it passes. Some economy in the number
of tubes may occur if the pulse is negative
when it reaches the pulse generator grid. Such
a condition is ideal for the cathode-coupled
multivibrator.

PULSE CONTROL OF THE CATHODE-
COUPLED MULTIVIBRATOR. Figure 61 and
the text of pages 45, 46 and 47 indicate that
“‘tripping’’, or discharge action of the cathode -
coupled multivibrator, is initiated by a nega-
tive voltage pulse on the grid of the first tube.
Once this action starts, it immediately re-
ceives a contribution in the form of additional
negative voltage from the cathode bias resistor,
which is common to both tubes. While the con-
trol actions and principles just described for
the blocking oscillator hold true, it is not
feasible to show them in diagram form. As a
matter of fact, the small step in the grid volt-
age curve of Figure 61A (indicating the sync
pulse contribution to the grid voltage), is
really a matter of ‘‘poetic license’’ so to
speak, since the action is so rapid and cumi-
lative that it is not possible to tell where pulse
control stops and the circuit takes over.
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SUMMATION OF PULSE CONTROL OF
SCANNING GENERATORS

1. A positive synchronizing pulse is used
to control the frequency of a blocking oscilla-
tor.

2. A negative pulse is used to control the
frequency of a cathode-coupled multivibrator.

3. The free running frequency of the
scanning oscillator should always be made
just slightly less than the synchronizing pulse
repetition rate. This is accomplished by ad-
Justment of the ‘‘hold’’ or frequency control of
the oscillator.

4. As the grid voltage of a pulse genera-
tor approaches the ‘‘trigger’’ point, the
oscillator become s increasingly sensitive to
control by additional grid voltage. At this
point the scanning can be ‘‘tripped’’ by inter-
ference. Special circuit combinations have
been devised which are controlled by the
‘‘pattern’’ of the pulses, rather than by the
individual pulses themselves. Such a system
is relatively insensitive to interference, which
seldom has a regular pattern, and its opera-
tion will be described when specific circuits
are covered later in the course.

REQUIREMENTS FOR SCANNING WITH
ELECTROSTATIC PICTURE TUBES

It was pointed out in discussing the saw-
tooth scanning raster, that we were considering
the motion of the spot or ‘‘pencil’’ of electrons
at the picture tube flourescent screen surface.

In an electrostatic tube, we can produce
the desired raster by applying sawtooth voltage
waves of the shape and time requirements
shown in Figures 65 and 66 respectively to the
horizontal and vertical deflecting plates.

The use of electrostatically deflected pic-
ture tubes, until recently, has been confined to
the 7-inch diameter size or smaller, usually
employed in table models selling in the lower
price bracket. As this is being written, a 10-
inch diameter, electrostatically deflected tube
is being made available to the design engineer,
and will undoubtedly be introduced in console
type receivers.
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The popular T-inch type 7TJP4 requires de-
flection voltages of the order of 200 volts per
inch of picture tube screen to move the beam.
The picture size on this tube is 4x5-1/2 inches.
This means that horizontal deflecting plates
will*require a ‘‘peak to peak’’ voltage of the
sawtooth wave of 5.5 times 200, or 1100 volts.

The sawtooth generators described usually
are not designed to give voltages of this order
directly. For this reason, amplifiers are used
between the scanning generator circuit and the
picture tube deflecting plates. As has been
shown on pages 10 and 11, the deflection and
centering circuits of the tube are of a balanced
or push-pull type. Therefore the deflection
amplifier feeding them is made of the push-pull
type, usually by means of a phase inverter.
Typical electrostatic deflection systems will be
covered in detail later.

REQUIREMENTS FOR SCANNING WITH
ELECTROMAGNETIC PICTURE TUBES

We have seen that electrostatically de-
flected tubes require only an amplified sawtooth
wave of voltage to produce the desired pattern
or raster. Magnetically deflected tubes. how-
ever, impose a new set of requirements due to
the nature of the deflecting coils.

Pages 15 and 16 explained in detail the
theory and mechanical arrangement of the hor-
izontal and vertical deflecting coils. It was
stated at that point, that a sawtooth wave of
current through the coils could be made to
produce the desired raster.

To re-state this in another manner: - The
amount of deflection of an electron beam, in
electromagnetically deflected cathode-ray
tubes, is dependent upon the strength of the
magnetic field produced by the external de-
flecting coils. The magnetic field produced is
proportional to the amount of current passing
through the coils and these fields cross the
path of the electron beam within the neck of the
tube.

We must supply a linear sawtooth of cur-
rent through the coil so that the electron beam
will trace the proper raster under the combin-
ed influence of the horizontal and vertical de-
flecting coils. Such a deflection will not be
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produced by a linear sawtooth of voltage across
the terminals of either coil.

To understand why this is the case let us
assume for a moment that the deflecting coil is
a pure inductance (no resistive component).
Reviewing our theory of ‘‘Inductance’’ and its
circuit function we find:

1. Surrounding an inductance carrying
current, there exists a magnetic field whose
intensity at any point is proportional to
strength of the current.

2. If the current 1s altered in value, the
magnetic field is also altered, increasing or
decreasing with corresponding changes of the
current.

3. This magnetic field constitutes a stor-
age of energy and requires for its production
a definite expenditure of energy, dependent on
the amount of magnetic flux and the ampere-
turns of the circuit.

4, The expenditure of new energy is re-
quired only when we are attempting to change
the amount of flux associated with the inductor,
by changing the current through it. This
energy appears as a voltage of ‘‘self-induction’’
which opposes the voltage impressed on the
circuit to start the current flow.

5. When current is increasing, due to an
increase of the externally applied voltage, this
opposing voltage of ‘‘self induction’ tends to
retard the flow of current, and make it ‘‘lag’’
behind the increase of applied voltage.

With this brief ‘‘refresher’’ in magnetic
theory, we are ready to determine the shape of
voltage wave which will be required across a
pure inductance to produce a sawtooth wave of
current through it. The effect of the resistance
of the coil, and the consequent wave shape
modification to account for it, will then be dis-
cussed.

In Figure 69, we see the resultant shape
of current wave which would flow through a
pure inductance if a symmetrical square wave
of voltage were to be applied across its term-
inals. This type of wave, as we have seen, can
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|
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I
A TIME— €

Fig. 69. Linear Rise and Fall of Current
through a Pure Inductance under the Applica-
tion of a square Voltage Wave

be developed by a conventional or symmetrical
multivibrator. At point A the voltage has sud-
denly been applied to the coil in much the same
fashion as though a switch had been closed to
connect the coil to a DC source of potential,
such as a battery.

It will be noted that the current through
the coil did not rise immediately to maximum.
The voltage of self induction of the coil oppos-
ed the sudden change, and the current therefore
increased in a linear fashion over the portion
of the cycle when the applied voltage was
steady. At point B, the impressed voltage was
suddenly removed (switch opened). At this
point the current did not fall immediately to
zero, since it was maintained by the energy
‘‘stored’’ in the magnetic field. The voltage of
self induction of the coil served as the driving
potential to produce the linear fall of current
from point B to point C.

We have now produced a ‘‘triangular”
wave of current through the coil. If we can
lengthen the ‘‘rise’’ portion of the curve with
respect to the ‘‘decay’’ portion, we have attain-
ed our objective of producing the desired saw-
tooth scanning current wave. This can be
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Fig. 70. Voltage and Current Waveforms - - Inductance and Resistance Circuits

accomplished by making the impressed voltage resistance of the windings, as regards the re-
wave asymmetrical as shown in Figure T0B. quired voltage waveform to produce a sawtooth
« of current.

Since it is not possible to build a practical Figure 70 illustrates three types of cir-
deflection coil as a pure inductance, it is now cuits, and shows the voltage wave form which
necessary for us to consider the effect of the it is necessary to impress, in order to produce
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a sawtooth wave of current through each cir-
cuit.

Figure 70A shows the case of a pure resis-
tance. Here the current is in phase with the
voltage, and a sawtooth wave of voltage im-
pressed across the resistor will cause a saw-
tooth wave of current through it. Energy loss
occurs only in the form of heat. and the voltage
required to produce a certain current is equal
to the IR drop as determined by Ohm’s law.

Figure 70C shows the circuit represented
by a practical deflection coil. The voltage
waveform will be seen as a combination of the
sawtooth of A and the rectangular wave of B.
In reality, this shape is the sum of an instan-
taneous pulse and a sawtooth. We might think
" of its function as follows:

1. The sawtooth or linear rise portion of
the wave tends to produce a sawtooth wave of
current through the resistive part. of the cir-
cuit.

2. The instantaneous pulse portion of the
wave forces a sawtooth wave of current
through the inductive part of the circuit.

To produce this combination wave shape,
additional circuit elements are added to the
sawtooth capacitor charging circuit. When this
is done. the circuit is then known as a ‘‘peak-
ing”’ type of wave-shaping circuit. By choice
of capacitor and resistor values, it is possible
to make either the sawtooth portion of the wave
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or the impulse portion predominate. The de-
tails of its action will be described later.

It is interesting to note that the deflection
requirement, of having one part of the wave
predominate over the other, is dictated by
fundamental differences between the horizontal
and the vertical deflection coils.

In the vertical deflecting coil of a typical
television receiver, the resistive component
predominates over the inductive component.
For this reason, the sawtooth portion of the
wave predominates over the impulse portion.
As an example, this coil might have a resis-
tance in a practical case of 68 ohms with an
inductance of 50 millihenries. When operating
at the 60 cycle retrace rate, this presents a
predominately resistive circuit.

In the horizontal deflecting coil of the
same receiver, the conditions are reversed
and the inductive component predominates.
The impulse portion is more important and the
required wave shape approaches that of Figure
70B. To continue the practical example, we
would find a resistance of only 14 ohms with an
inductance of 8 millihenries. Since this coil
operates at the much higher frequency of
15,750 cycles per second, the circuit is essen-
tially inductive.

Figure 71 represents a comparison, in
block diagram form, between the basic ele-
ments of electrostatic and electromagnetic
scanning circuits.
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PEAKING CIRCUITS FOR ELECTROMAG-
NETIC DEFLECTION. A very simple change
in the discharge tube circuit, which has been
previously described and shown in Figure 64,
makes it possible to generate the combination
sawtooth and impulse wave required for elec-
tromagnetically deflected scanning.

The modified circuit is shown in Figure
72, and consists of the addition of resistor R2
in series with the discharge capacitor C2. The
circuit action will be described in sequence:

1. The sawtooth forming capacitor C2, is
charged from the B+ source through resistors
R3 and R2. This charging action takes place
during the portion of the cycle when the tube is
not conducting.

2. The output voltage waveform of the
circuit is taken across the series combination
of R2 and C2. R2 is known as the *‘peaking"
resistor.

3. During the charging portion of the
cycle, the voltage across the capacitor is a
sawtooth wave as has previously been explain-
ed.

4. When the tube suddenly becomes con-
ductive due to a positive pulse on its grid,
the voltage across C2 and R2 is suddenly
shunted by the low plate resistance of the tube.

5. The voltage across the capacitor can-
not change instantly, since its discharge path
through R2 and the plate resistance of the tube
is not zero. The difference in voltage must
therefore appear suddenly across peaking re-
sistor, R2. After this initial sudden change of
voltage. the capacitor discharges exponentially,
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through R2 and the tube. until the tube again
becomes nonconductive.

6. As the tube 1s cut off. the B+ potential
is suddenly applied to the capacitor through R2
and R3 in series. Again. the capacitor voltage
cannot rise instantaneously. The voltage
across R2 must once more change abruptly
after which the capacitor charges through R2
and R3 in its normal sawtooth fashion.

By changing the values of R2 and C2, the
ratio of the amplitude of the peaking impulse to
that of the sawtooth can be adjusted to match
the inductance and resistance requirements of
the particular deflecting coil.
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CHAPTER 8. DEFLECTION SYSTEMS - COMMERCIAL APPLICATIONS

A TYPICAL ELECTROMAGNETIC
DEFLECTION CENTERING AND
FOCUSING CIRCUIT

Pages 10 and 11 of Chapter 1 illustrated
and described the circuits for the control
of beam centering in both horizontal and
vertical directions in the case of the electro-
static type of picture tube. Pages 13 through
17 described the methods of focusing and
deflecting the electron beam in an electromag-
netically controlled picture tube. The circuits
used for the control of focusing and centering
of electromagnetic tubes were purposely not
shown at that time, since they are inter-related
with the action of sweep and deflection circuits
and with the peculiar voltage waveform re-
quirements of electromagnetic deflection.

Figure 73 shows the schematic diagram
of the picture tube control circuits in a popular
type of receiver design. It has been drawn in
slightly different form from the presentation
of service manuals in order to clarify circuit
study. The circuit has been simplified to com-
bine electrolytic capacitors in one unit at each
point on the diagram where they occur as a
single by-pass value. In the actual receivers,
these units are often i1n separate cans in order
to provide radiating area for the high ripple
currents encountered.

FOCUS CONTROL ACTION. On pages 14 and
15 the action of the focus coil, L1 of Figure 73.
was described and illustrated. By controlling
the current throuch the coil, as determined by
the setting of the variable resistor Rl. the
electron beam paths are brought together to
form a very small, concentrated spot at the
surface of the flourescent screen. In the cir-
cuit illustrated. a high current coil of relative-
ly low resistance (250 ohms) has been used.
This coil, together with the ion trap electro-
magnet coils. is placed in the negative return
lead of the power supply system and carries a
large portion of the total ‘“B’’ current. In this
example, the average current through the coil
is approximately 115 ma. Other receiver de-
signs may use focus coils having more turns
of finer wire, hence higher resistance, in other
parts of the supply circuit. Although the cir-
cuit shows R1 as a single variable resistor,
this control is often part of a network of series
and parallel resistors to achieve smoother
control action.

As will be noted in Figure 22, page 17.
the focus coil is mounted in such a manner that

its axis can be rotated relative to the axis of
the picture tube. We will see later that this
serves two purposes. the positioning of the spot
so that it is centered on the flourescent screen
and also, in some receiver designs, a fixed
control of the range of action of the ‘“‘back
mounted’’ centering controls.

ION TRAP CIRCUIT: Ion trap action was de-
scribed and illustrated on pages 16 and 17. In
this particular circuit, the ion trap magnet
coils (L2) are shunted by resistor (R2). This
shunt is used because the ion coil current for
proper operation is less than the focus coil
current (approximately 105 ma.).

Some of the latest receivers appearing
on the market are employing permanent mag-
nets of the ‘‘Alnico’’ type rather than electro-
magnets. for the ion trap action. The perman-
ent magnet ion trap assembly ic independent
of the power supply circuits of the receiver
and is another example of simplification in
television receiver design.

VERTICAL CENTERING ACTION: The verti-
cal centering circuit, shown in simplified form
in inset A, Figure 73, consists of a series
arrangement of the vertical deflection coils
(L3), the vertical output transformer second-
ary (L4), and a source of DC voltage from the
potentiometer R5. R5 is provided with a
center tap, and it will be seen that, as the con-
tact arm passes this center point. the voltage
introduced into the series circuit changes
polarity. In this way it is possible to produce
a DC polarizing current through the deflection
coils in either direction, causing a steady
magnetic field bias to exist in the deflection
system. The sawtooth scanning current oper-
ates about this bias as a center point, and the
picture can be moved up or down on the face of
the tube by adjustment of R5.

It is interesting to note that the by-pass
capacitor (C1). across the centering potentio-
meter. has an unusually large value (1000 mfd).
It serves a dual purpose: (a) to keep any
residual hum originating in the filter system of
the power supply from entering the vertical
scanning system and thereby causing interfer-
ence with the 60 cycle scanning action: and (b)
to keep the combination sawtooth-pulse voltage
wave of vertical scanning from interfering with
the operation of the video and audio amplifier
systems through introduction of ripple into the
“B’" supply circuits. While this capacitor has
been rated in microfarads as a matter of con-
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venience, the design engineer specifies its
measurement in terms of impedance over the
frequency range which it must by-pass. This
fact is mentioned because the actual value in
microfarads may vary greatly as measured by
a bridge or capacitance tester, and yet have
sufficiently low impedance to do an adequate
by-passing job.

HORIZONTAL CENTERING ACTION: Horizon-
tal centering circuits in pre-war receivers
were usually of the same type as that just de-
scribed for vertical centering (a center-tapped
wire-wound control carrying high current in
the ‘“B” return). In post-war receivers this
has been abandoned in favor of an expedient
which allows circuit simplification.

Inset B, Figure 73, shows, in simplified
form, that portion of the large diagram which
governs horizontal centering. As before, we
find a series circuit consisting of the horizon-
tal deflection coils (L4), the secondary of the
horizontal output transformer (L6) with its
shunt“width”control coil (L'7), and the source of
centering voltage, potentiometer R6. In this
circuit, however, the DC bias current through
the horizontal deflection coils cannot be made
to reverse in direction as was possible in the
case of the vertical centering system.

To obtain the equivalent of control in
both directions, use is made of the fact that
positioning of the focus coil, in its mounting,
can exert a magnetic field bias on the electron
beam. In practice, when initial receiver in-
stallation is in process, the following steps
are taken:

1. The horizontal centering control,
potentiometer R6, is first set in the middle of
its range. ’

2. The position of the focus coil is ad-
justed in its mounting to center the ‘‘raster’’
in the picture area.

3. Adjustment of R6 will now serve to
make minor correction of the picture in the
horizontal direction (right or left). The focus
coil position has provided a magnetic field bias
which is equivalent to the introduction of an
opposing current to that flowing in the series
deflection circuit, due to the initial setting of
potentiometer R6.

There appears to be a trend, as evidenc-
ed by the latest receivers appearing on the
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market, to dispense entirely with the use of
potentiometer type centering controls.

In these sets, mechanical adjustment of
focus coil position has been improved by the
use of four corner adjustment screws. These
screws have been provided with spring backing
to assure that their adjustment will not change.
Access to these screws is provided from the
rear of the receiver without the necessity of
removing the cabinet back panel. It is possible
to make either horizontal or vertical centering
corrections by these purely mechanical adjust-
ments.

HORIZONTAL SWEEP DAMPING CIRCUITS

The horizontal output circuit of Figure
73 will be recognized as the high voltage supply
system described on pages 29 and 30, which
utilizes the collapse of magnetic energy in the
horizontal output transformer and horizontal
deflection yoke. No explanation was given at
point of the action of the 5V4G ‘“‘damping’’ or
‘“reaction scanning’’ tube. Its function, as well
as the action of the horizontal linearity con-
trol (inductor L8), and horizontal width control
(inductor L7), will now be considered. This
tube, together with its associated circuit com-
ponents, is used to stop or ‘“‘damp out’’ oscil -
lations in the system, and help produce the
required linear current sawtooth through the
deflection coils.

Referring again to Figure 65, which
illustrated the timing requirements of the hor-
izontal sawtooth current wave, it will be seen
that retrace must be accomplished in the ex-
tremely short time of 7 microseconds. Since
the deflection coil system is predominately
inductive, it is necessary to employ a different
method of operation than that of the lower fre-
quency vertical system. To obtain the rapid
reversal of current through the horizontal de-
flection coils, the output transformer and
deflection coil circuit is tuned to a frequency
of approximately 71 kilocycles by the assoc-
iated circuit capacitances. This frequency is
used because one half cycle of oscillation is
equal to the required retrace time of 7 micro-
seconds.

The current through the deflection coils
is at its maximum value at either the extreme
left or extreme right of the picture frame, the
axis or zero point occurring at the center.
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When the right hand end of the trace is reach-
ed, the horizontal output tube is conducting
high plate current and a maximum of magnetic
energy is stored in the deflection coils. At
this instant, a negative pulse arrives at the
grid of the horizontal output tube from the
plate circuit of the horizontal discharge tube,
and the output tube piate current is suddenly
cut off. The magnetic field in the transformer
and deflection starts to collapse at a rate de-
termined by the resonant frequency of the sys-
tem (71 ke). This will shock-excite the circuit
into a state of damped oscillation, which if
allowed to continue would produce a wave form
of curregt as shown in Figure 74.

HORIZONTAL
co
CURRENT

TIME —

Fig. 74. Horizontal Deflection Coil Oscillation
Which Would Occur If Damping Tube Were Not
Used

Continuation of this oscillation would
cause serious distortion of the left hand side
of the picture. An ‘‘absorption’’ or damping
device is used to ‘‘kill’’ the oscillation during
the 10 microsecond period in which the picture
tube is ‘‘blanked’’. This function is provided,
in the circuit of Figure 73, by the 5V4G damp-
ing or reaction scanning tube.

Immediately, as the output tube plate
current is cut off by the negative scanning
pulse, the induced voltage, caused by the col-
lapsing magnetic field, becomes negative in
polarity at the plate of the damping tube. The
tube will not conduct and there is no load im-
posed upon the circuit, allowing it to oscillate
for one half cycle at its resonant frequency of
71 ke (approzimately 7 microseconds). This
causes the current through the deflection coils
to reverse to a maximum in the other direction
and accomplishes the rapid return trace. The
circuit would continue to oscillate for many
cycles if it were not for the damping tube
which comes into action during the second half
cycle.

As the current reverses through the de-
flection coils to start the second half cycle of
oscillation, the voltage of self induction also
reverses and the polarity becomes positive at
the plate of the damping tube. This tube starts
conducting and acts as a load across the term-
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inals of the deflection coil system, preventing
any further tendency toward oscillation. The
current through the tube decays at a linear rate
determined by the circuit constants. This
linear current starts the next active scanning
wave for the visible or ‘‘unblanked’’ trace.

If no additional current were supplied to
the circuit from the horizontal output tube, the
electron beam would come to rest at the center
of the picture tube as the current through the
damping tube decreased to zero. The latter
portion of the current decay curve departs
from the desired linear sawtooth form. To
overcome this non-linearity, conduction of the
horizontal output tube is so timed by the scan-
ning generator and discharge tube, that it
starts contributing current to the deflection
coils before the original current has complete-
ly decayed.

RIGHT SIDE
OF PICTURE

CURRENT FROM
HORIZONTAL OUTPUT

RESULTANT
LINEAR SWEEP

DECAY CURRENT
THROUGH DAMPING TUBE

LEFT SIDE

OF PICTURE
Fig. 75. Current Waveforms In Horizontal
Reaction Scanning

This current contribution from the hori-
zontal output tube, which deflects the beam
from the center to the right hand side of the
screen, is so shaped at its start to correct the
non-linearity of the original decay current
wave. As shown in Figure 75, the two current
waves overlap at the center of scanning action,
and the combination produces a coil current
which is linear.

To summarize the circuit action to this
point, note:

1. The damping tube, sometimes called
a reaction scanning tube, allows one half cycle
of natural resonant oscillation to occur in the
deflection circuit, after which it loads the cir-
cuit and prevents further oscillation.

2. The first half cycle of oscillation
accomplishes beam retrace in the required 7
microseconds.

3. Decay of current through the damping
tube produces the first half of the 53 micro-
second active trace.
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4. The horizontal output tube starts to
contribute power to the system before final
decay of the damping tube current, and pro-
duces the final half of the active scanning wave.

5. At the end of the active scanning
cycle, a negative pulse causes plate current
cut-off of the output tube, and starts a new
oscillation to repeat the cycle.

CONTROL FUNCTIONS IDENTIFIED WITH
HORIZONTAL SWEEP DAMPING CIRCUITS:
Three adjustable circuit components appear
associated with the damping tube of Figure 73.
These are the horizontal linearity control
(inductor L8), the horizontal width control
(inductor LT), and the linearity adjustment
(resistor R9).

HORIZONTAL LINEARITY CONTROL.
The network comprised of L8, C3, and C4, per-
forms two functions in this circuit. It provides
a means of operating the horizontal output tube
at a higher plate voltage than that of the power
supply, and, at the same time, functions as an
adjustable means for making small corrections
in the shape of the active sweep section of the
sawtooth current wave.

Since these two functions are inter-re-
lated, an explanation of the voltage addition
action will precede the description of the con-
trol operation. It will be noted that the plate
voltage of the horizontal output tube is supplied
by a series circuit consisting of the primary of
the output transformer, the inductor L8 and
the cathode-to-plate conducting path of the
5V4G damping tube. The damping tube is con-
ducting over the major portion of the sawtooth
as shown in Figure 75. Capacitors C3 and C4
are charged during this conduction period and
then discharge while the damping tube is not
conducting. In this manner, the plate current of
the horizontal output tube is maintained over
the portion of the cycle when the damping tube
is not conducting.

The charge on these capacitors is great-
er than the ‘B’ supply voltage because the
rectified surge or ‘‘kickback’ of the deflection
coils is added to the charge placed upon them
by the ‘‘B’* supply. In a typical receiver, em-
ploying this circuit, the output tube plate volt-
age is approximately 50 volts higher than the
¢‘B’’ voltage.

It will be noted that capacitors C3 and
C4 do not seem to be high enough in value to

act as storage capacitors. This fact is a clue
to the action of the circuit as a linearity con-
trol. During the first half of the trace period,
the voltage across C3 rises due to the rectified
deflection coil “‘kickback’’, and during the sec-
ond half of the period, the voltage falls due to
the current demand of the horizontal output tube
which is conducting at that time. In this man-
ner, a ripple voltage of the same frequency as
the sawtooth is impressed on the plate supply
of the horizontal output tube. By shifting the
phase of this ripple with respect to plate cur-
rent requirements of the output tube, it is
possible to modify the shape of the output cur-
rent wave of the tube. Changing the value of
inductor L8, by adjustment of a powdered iron
core, controls the phase of the ripple current
and permits minor adjustments of horizontal
linearity. Other controls which affect horizon-
tal linearity are, the horizontal drive control
(to be described later), the linearity adjustment
(R9), and the horizontal width control (L7).
While the major effect of certain of these con-
trols is for another purpose, they are inter-
de-pendent and the adjustment of one of them
often necessitates re-adjustment of the others.

LINEARITY ADJUSTING RESISTOR. Re-
sistor R9 is known as a damping resistor and
is provided with a series of taps rather than
being made continuously variable. This adjust-
ment is primarily intended as a factory means
to compensate for manufacturing variations in
the deflection yoke and output transformer. It
controls the linearity of the trace on the left
hand side of the picture only.

HORIZONTAL WIDTH CONTROL. Var-
iable inductor L7 shunts a portion of the sec-
ondary of the horizontal output transformer
(L6). This controls the output voltage and
hence the extent or ‘‘width’’ of the sweep.
Since it also has a minor effect on the phase
relations in the plate of the output tube, it
causes slight changes in the linearity of the
right hand side of the picture, as width changes
are being made.

HORIZONTAL DRIVE CONTROL. The
horizontal drive control is a variable resistor
which constitutes the ‘‘pulse’’ forming element
in the plate circuit of the horizontal discharge
tube. An explanation of its action appears on
page 60. Figure 34 on page 29 shows its
application to the circuit under discussion.
The value of this resistor determines the ratio
of the negative pulse amplitude to the sawtooth
amplitude impressed on the grid of the hori-
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zontal output tube. It can, therefore. control
the point on the trace at which the output tube
conducts. Increasing its value causes a great-
er- picture width, crowds the right side of the
picture and stretches the left side. Adjustment
may require a new setting of the horizontal
‘““width’’ control.

USE OF THE TRIODE FOR HORIZONTAL
DAMPING: In the circuit just discussed, a
power rectifier type of diode (5V4G) was used
to damp the oscillation produced in the hori-
zontal deflection coil system, by cut-off of out-
put tube plate current. In some receivers, a
triode is used as the damping tube, since the
presence of a control grid gives the designer
another opportunity to modify circuit action to
obtain better sweep linearity.

Figure 76 illystrates a circuit applica-
tion of the 6AS7G, low-mu, dual, power triode,
as a damping tube. To act effectively as a
damping tube. the plate resistance must be
very low during the conduction period. The
6ASTG was designed especially for voltage
regulator and television work and meets this
requirement.

The circuit conditions at the instant of
plate current cut-off in the horizontal output
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tube are similar to those just described for
the 5V4G. The natural resonant frequency
of the deflectioncircuit is approximately 71 kc.
The first half cycle of oscillation finds the
plate of the tube negative and no plate conduc-
tion can occur. During this time (7 microsec-
onds). horizontal retrace takes place.

On the next half cycle, the plate of the
tube becomes positive. causing the following
series of events:

1. Plate current immediately starts to
flow, since no charge exists on C1 and the grid
is at cathode or zero bias. The tube damps the
oscillation.

2. Discharge of the energy, stored in the
vertical deflection coils, through the tube be-
gins to initiate the next active retrace.

3. At the start of conduction, capacitor
C1 has been charged through the internal grid
to cathode path of the tube. Resistors R4 in
the grid circuit limit the grid current to a safe
value.

4. The time constant of the discharge
path, capacitor C1 and resistors R1 and R2,
can be varied from 2 to 15 microseconds by
the adjustment of R2.
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5. The changing bias on the grid of the
tube makes its plate resistance vary as scan-
ning progresses, and allows the shape of the
decay part of the curve of Figure 75 to be al -
tered by adjustment of R2.

With this type of horizontal ‘‘linearity”’
control, the action is independent of the hor-
izontal output tube plate circuit. Some inter-
action with the horizontal ‘‘width’’ control (L2
of Figure 76 occurs, however, and the setting of
one may require the readjustment of the other.

The horizontal ‘‘width’’ control (L2)
varies the proportion of the horizontal trans-
former output which reaches the deflection
coils, thus controlling the sawtooth current
strength and the width of the picture.

VERTICAL OUTPUT AMPLIFIER AND DE-
FLECTION CIRCUITS: The vertical deflection
system of Figure 73 is much less involved in
its action than the horizontal system shown.
A type 6K6G, triode-connected, is used as the
output amplifier. Transformer L4 matches the
plate impedance of the tube to the resistance of
the vertical deflecting coil assembly.

Any tendency for shock-excited oscilla-
tions to occur following vertical retrace is
nullified by the damping resistors (R4) which
are connected across the vertical deflection
coils (L3).

The proper shape of the combination
sawtooth and pulse wave of voltage is supplied
to the vertical output tube grid from a blocking
oscillator having a ‘‘peaking’’ C-R circuit in
its output.

The only circuit element of this system
which we have not covered is the vertical
‘‘linearity”’ control (R7).

VERTICAL LINEARITY CONTROL. The
grid voltage versus plate current characteris-
tic of the triode-connected 6K6G is not a
straight line over its entire range. The cath-
ode bias resistor (R7) is made variable to shift
the point of operation of the tube. As the oper-
ating point is shifted along its curve, changes
in shape of the output scanning wave occur.
These variations are sufficient to correct any
lack of vertical linearity.

Since the gain of the tube varies as the
bias 1s changed, this linearity adjustment will
also affect height, and readjustment of the ver-
tical ‘‘height’’ control may be required after
linearity correction.

TYPICAL DEFLECTION CIRCUITS
AS USED IN COMMERCIAL RECEIVERS

An analysis of the sawtooth forming de-
flection circuits employed in twenty-two of the
most popular current television receivers
shows that the basic types of vacuum tube saw-
tooth generators described on pages 40 through
50 have been used in many differing combina-
tions. The type of deflection system chosen for
a particular design depends upon a number of
factors. Of these design considerations two
are of primary importance in determining the
choice, namely:

1. The method of beam deflection (elec-
trostatic or electromagnetic) determines
whether a sawtooth of voltage or a sawtooth of
current is required. The electrostatic require-
ment is readily accomplished in the generator
circuit and we therefore find less diversity
between sets using electrostatically controlled
picture tubes.

2. The type of synchronizing system or
method of using the ‘‘sync’’ pulses to ‘‘lock
in’’ the sweep generator is also a determining
factor in the choice of deflection circuit. While
the details of separating the pulses from the
signal and utilizing them for sweep control will
be taken up in detail later, at this time it will
be necessary to note that there are two basic
types of synchronizing circuits used in televis-
ion receivers at present. These are known as
‘‘triggered’”’ sync and A. F. C. (automatic
frequency control) or ‘‘flywheel’’ sync. Trig-
gered sync may use any of the types of saw-
tooth generators previously discussed while
A. F. C. sync usually employs the sine wave
generator discussed briefly on page 49.

In the analysis of present day receivers,
mentioned above, it was found that two basic
deflection systems have been used in sets
employing electrostatic beam control; the
cathode-coupled multivibrator, and the block-
ing oscillator.
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Fig. 77. Typical Vertical Deflection Circuit For An Electrostatic Picture Tube

TYPICAL COMMERCIAL ELECTROSTATIC
DEFLECTION SYSTEMS: The requirements
for electrostatic scanning, discussed on page
56, consist of the production of a sawtooth
wave of voltage and its application to the de-
flection plates by a push-pull output circuit.

Two methods of meeting these require-
ments have appeared to date. The first, and
most widely used, consists of a pulse control -
led. cathode-coupled, multivibrator feeding a
phase-inverted push-pull amplifier. The sec-
ond method is an unusual adaptation of the
blocking oscillator in which a single tube and
its associated circuits fulfill all of the scan-
ning requirements.

ELECTROSTATIC DEFLECTION CIR -
CUITS USING THE CATHODE -COUPLED
MULTIVIBRATOR. The majority of electro-
static type television sets on the market, at
present, employ the cathode-coupled multivi-
brator with a phase inverted amplifier for both
horizontal and vertical systems. Since a num-
ber of differences in circuit constants and
arrangement exist between the vertical and the
horizontal systems, typical circuits of each
will be discussed separately.

A Typical Vertical Deflection Circuit.
Figure 77 shows a vertical deflection circuit
which is typical of many receivers using the
7GP4 picture tube. Its action is as follows:
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Fig. 78. Typical Horizontal Deflection Circuit For An Electrostatic Picture Tube
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1. The vertical synchronizing signal,
consisting of a series of pulses spaced as
shown in Figure 66 (page 53), of negative pol -
arization with respect to ground, passes
through the network comprised of R1, C1, R2
and C2. This is known as an ‘‘integrating”’
circuit and its action is to add up all of the
small ‘‘serrations’’ of the vertical signal as a
voltage across capacitor C2, until the negative
potential on the grid of T1 reaches a value
corresponding to plate current cut-off. This
‘“trips’’ the multivibrator circuit as described
on pages 45 through 47.

2. The time constant, determined by the
values of capacitor C3 and the sum of resistors
R4 plus RS, controls the ‘‘free running’’ fre-
quency of the multivibrator. R5 can readily
adjust the frequency to ‘‘lock in’’ with the ver-
tical sync pulse at 60 cycles per second and is
called the vertical ‘‘hold’’ control.

3. During the interval between the
‘‘triggered’’ conduction pulses of T2, the saw-
tooth wave forming capacitor C4 is linearly
charged from the ‘‘B’’ source through resistor
R6. Firing of T2 by the ‘‘sync’’ pulse dis-
charges C4, causing retrace.

4. Control R7 adjusts the input voltage
impressed on the phase inverted, push-pull
amplifier consisting of tubes T1 and T2 and
since this control varies the output of the sys-
tem it is known as the vertical ‘‘size’’ or
‘‘height’’ control.

5. The circuit associated with these
tubes is of the same type as used in the audio
system of many -broadcast receivers and re-
quires no further mention except to note:

a. The coupling capacitors and load re-
sistors are of such values that the
circuit gain remains flat to the low
frequency of vertical scanning (60
cycles).

b. The plate decoupling capacitor (C5)
has a higher value than would ordi-
narily be required for an audio sys-
tem. This is necessary to keep the
vertical sawtooth ripple out of the
video and audio supply circuits.

This circuit has no ‘‘linearity’’ control.
Such a control is not necessary because the
sawtooth produced across C4 is sufficiently
linear to provide good pictures.

A Typical Horizontal Deflection Circuit.
Figure 78 illustrates the horizontal system
employed in the same receiver as the vertical
system of Figure 77. It is similar to the ver-
tical system with the following exceptions:

1. The horizontal synchronizing signal,
which consists of short time pulses (5 micro-
seconds) at the end of each horizontal picture
line as shown in Figure 65, are impressed
upon the grid of T1 through the network com-
prising R1, C1 and R2. This is known as a
‘‘differentiating’’ circuit. Here the grid
‘“triggering’’ voltage is taken across the re-
sistor rather than across the capacitor as is
done is the vertical circuit. It should be noted
that the circuit sharpens the pulse and delivers
a negative ‘‘stab’’ of voltage on the grid to
““lock in’’ the oscillator at the proper time.

2. The time constant of ‘‘free running’’
oscillation, which is determined by the product
of the value of C2 times the sum of R4 plus R5,
is much shorter (1/262.5 of the vertical time)
than the vertical time constant just discussed.
This accounts for the lower values of capaci-
tance and resistance as compared with those
of Figure 77. Again, as in the vertical circuit,
R5 can be adjusted to accomplish lock-in with
the repetition rate of the ‘‘sync’’ pulses and is
known as the horizontal ‘‘hold’’ control.

3. The size or width of the picture is
adjusted by a voltage control in the plate cir-
cuit of T2 (R7 in series with ‘‘B’’ plus). This
type of size control is sometimes used in both
the vertical and horizontal circuits. It controls
the charging voltage impressed on the sawtooth
wave forming capacitor (C3) and hence the
height of the wave.

4. The phase inversion circuit is a bit
unusual as compared with familiar audio prac-
tice. Since the fundamental frequency of
horizontal scanning is 15,750 cycles, the cap-
acitance as well as the resistance balance must
be considered. This accounts for capacitor C4.

5. A word or two of explanation is in
order with regard to the use of the choke
supply to the plates of T3 and T4. Many of the
receivers on the market employ resistance
coupling in this circuit as shown in the vertical
circuit of Figure 77. Chokes can be employed
in this case since the high frequency (15,750
cycles) allows an economical design in which
the impedance of the chokes is high enough to
have negligible shunting action across R8 and
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R9 as far as the horizontal line frequency is
concerned. The advantages from the use of
chokes are that the plate voltage, and conse-
quently the output, is higher and also that their
series impedance acts as an excellent isolation
of the system from the audio and video supply.

ELECTROSTATIC DEFLECTION CIR -
CUITS USING THE BLOCKING OSCILLATOR.
An interesting combination of circuits, de-
signed around the blocking oscillator, have
recently made their appearance in a table
model, electrostatically deflected receiver.
The vertical and horizontal systems are shown
in Figures 79 and 80 respectively.

VERTICAL DEFLECTION CIRCUIT US-
ING THE BLOCKING OSCILLATOR. Figure
79 combines a number of the circuit arrange-
ments which we have covered separately in
our consideration of sawtooth generators and
deflection means. The circuit is conventional
with regard to the blocking oscillator tube T1
and its associated circuit elements. The unus-
ual features are found in the phase inverted,
push-pull amplifier.

As in the cathode-coupled multivibrator
just described, an ‘‘integrating’’ network (R1,
C1, R2, C2) “‘sorts’’ the vertical sync pulse
from the picture signal. In this case, however,
the polarity of the pulse is positive with re-
spect to ground. Control of the oscillator fre-
quency by the pulse occurs as described on
pages 54 and 55.

The adjustment of the oscillator ‘‘free-
running’’ frequency is accomplished by control
of the time constant of the C-R network in the
grid circuit of the blocking oscillator tube T1.
R5 in this circuit constitutes the vertical
‘‘hold’’ control.

Vertical ‘‘size’’ or ‘‘height’’ of the pic-
ture is controlled by adjusting the charging
voltage impressed on the sawtooth wave-form-
ing capacitor (C6) by means of the vertical
‘“size’’ control (R7).

The phase inverted, push-pull amplifier
(T2-T3) is a 6SL7GT high-mu twin-triode. The
voltage division, to supply the grid voltage of
T3, is by means of a capacitance voltage divid-
er, consisting of C7 and C8, rather than the
usual resistance divider found in the audio
systems of broadcast receivers. ‘‘Contact’’
bias of both tubes is derived by grid current
through the 10 megohm grid resistors (R8 and
R9). The plate supply voltage of approximately
900 volts (from a bleeder across the high volt-
age supply) feeds the tubes through the 4.7
megohm plate resistors (R10 and R11). The
actual voltage at the plate is approximately 450
volts. With this supply, it is possible to derive
a plate swing of approximately 700 volts.

As in the case of the cathode-coupled
multivibrator circuit, the linearity of the saw-
tooth voltage wave produced by this circuit is
sufficiently good to assure satisfactory pic-
tures. Therefore, no ‘‘linearity’’ control is
required.
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Horizontal Deflection Circuit Using the
Blocking Oscillator. In the horizontal system
employing the blocking oscillator, the deflec-
tion sawtooth voltages (balanced to ground) are
developed in the oscillator itself. No amplifier
stage is required. With a DC plate supply of
only 250 volts this circuit delivers a balanced
linear sweep of 1200 volts, peak to peak, to the
deflection plates of the picture tube. This
circuit differs from the customary blocking
oscillator in that the cathode is not grounded.
The plate-to-ground and cathode-to-ground
circuits are symmetrically arranged with
respect to ground or ‘B’ minus. This
accounts for its balanced or push-pull output.

In explanation of the action of the circuit
(see Figures 80A, B, C and D) it will be in-
structive to follow, in sequence, the steps in
the production of a sawtooth voltage wave.

1. Let us assume that we are at point
‘“a’’ of Figure 80D, and that a positive sync
pulse through C6 (Figure 80A) is starting to
‘‘fire’’ the tube. This causes plate current
conduction, and provides a low resistance path
for the discharge of capacitors C4 and C5
through the tube and the primary of the feed-
back transformer. (See Figure 80B.)

2. The plate winding of the transformer
is the inductive branch of a tuned circuit. This
tuned circuit consists of L1 with a group of
tuning capacitances. These are: C1; Cs, the
reflected capacitance from the secondary, or
grid winding; and the series combination of C4
and C5. This tuned circuit is resonant to
approximately 71 kc, corresponding to a fre-
quency in which a half cycle is equal to the
horizontal ‘‘flyback’’ time of T microseconds.
(See Figure 65.)

3. When the tube conducts, as controlled
by the positive sync pulse which has arrived
at its grid, an oscillation starts in the plate
circuit. This continues for the half cycle ‘‘a’’
to ‘‘b’’ of Figure 80D.

4. At the end of this half cycle, the grid
has been driven to the point of plate current
cut-off. The oscillation is now stopped for two
reasons:

a. The tube, acting as a switch, has re-
moved the main tuning capacitors
C4 and C5.
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b. Damping resistors R1 and R2 (Figure

80A) have suppressed any tendency

toward further oscillation.

5. The swing of voltage, due to the half
cycle of plate current oscillation, has caused
a condition wherein the polarity of the charge
on capacitors C4 and C5 has been reversed
during the retrace period. We now find that at
time ‘‘b’’ (Figure 80C), capacitors C4 and C5
are oppositely charged and the ‘‘high’’ side of
C4 is negative with respect to ground. The
cathode, or low side of C5, is positive with re-
spect to ground.

6. Since the tube is now cut off, capac-
itors C4 and C5 have no other path, for charge
or discharge, than the windings of the output
chokes L3 and L4. These choke windings are
shown on the same core in Figure 79A, as in
the actual receiver. This construction is not
essential for the operation of the circuit, and
we have shown them as separate chokes in the
partial circuit of Figure 80C. The inductance
of these choke windings is high, and when such
a high impedance choke is connected across a
charged capacitor, the current flow is constant
and the voltage across the capacitor changes
linearly with time.

7. During the time interval from ‘‘b’’ to
‘““c’ of Figure 80D, capacitor C4 is being
charged linearly by the voltage of self induc-
tion of choke L3. Current starts flowing from
the ¢‘B’’ source to sustain the charging cycle.

8. During the same time interval, the
charge in capacitor C5, due to the resonant
swing of voltage during the ‘‘firing’’ cycle,
discharges through choke L4 and produces the
sawtooth voltage wave shown in Figure 80D.
It is seen that the sawtooth waves across C3
and C4 are symmetrical and of opposite polar-
ity. Hence, the requirements for balanced
electrostatic deflection have been fulfilled.

Another method of explaining the sweep
interval (time ‘‘b’’ to ‘‘c’’, Figure 80D) is to
consider the chokes and their parallel sawtooth
wave -forming capacitors as individual tuned
circuits. These Circuits are resonant at
approximately 1/10th of the horizontal line
frequency, or about 1600 cycles. The portion
of a sine wave where the curve passes through
zero and reverses voltage is very close to a
straight line. At time ‘‘b’’, an oscillation
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starts in these tuned circuits, but it is allowed
to continue only for about 1/10th of a cycle.
The wave produced is still on the essentially
linear portion of the sine curve when the next
firing interval occurs and starts a new wave.

The free running frequency of blocking
action is controlled by the time constant of the
grid circuit. Therefore, resistor R4 functions
as a ‘‘hold’’ control.

Resistor R5 functions as a ‘‘width’’ or
‘‘size’’ control by adjusting the value of voltage
applied to the plate circuit and consequently
controls the amplitude of the sawtooth wave.

Coupling capacitor C6 serves to intro-
duce the horizontal sync pulse which ‘‘trips’’
the proper time for synchronization with the
transmitted signal.

TYPICAL COMMERCIAL ELECTROMAGNET-
IC DEFLECTION SYSTEMS: When we analyse
the circuits of electromagnetically deflected
television sets, which have appeared on the
market to date, we find much greater diversity
of design than in electrostatic systems. The
chart of Figure 81 shows the result of such an
analysis. The combinations selected by the
design engineers for the horizontal and vertical
systems respectively have been arranged in
the order of the frequency of use in current
production models. From this diversity of de-
sign, we can infer that the art is in a state of
flux, and that as new models appear, many un-
usual circuit arrangements will be employed.
The ultimate aim of the research and design
departments is toward simplification and econ-
omy.

The combinations shown in the chart are
each representative of receivers of several
manufacturers. Example No. 1, for instance,
has been employed with minor design differ-
ences by at least six companies. It will be in-
structive to examine the typical combinations
and determine the operating principles of the
various parts of the circuits.

ELECTROMAGNETIC SYSTEM - - EX-
AMPLE 1. The deflection system outlined, Ex-
ample 1 in the chart of Figure 81, has been
used in more models than any other to date.
We have shown examples of its application in
Figure 34 of page 29 and Figure 73 of page 63.
Let us examine the circuit of a different re-
ceiver than that used previously.
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Vertical Deflection System. Figure 82
shows the details of the vertical deflection sys-
tem of this receiver. It combines a number of
the circuit elements which we have previously
discussed such as: the vertical pulse-integrat-
ing circuit, the blocking oscillator, the dis-
charge tube, and the series C-R circuit which
forms the combination sawtooth and pulse wave
required for electromagnetic deflection.

The network of resistors and capacitors
R1-C1, R2-C2, and R3-C3 comprises the ‘‘in-
tegrating’’ circuit which shapes the vertical
sync signal and applies it in series with the grid
circuit of the blocking oscillator tube (T1).
The pulse arrives at the grid at the proper

time to ‘‘trigger’’ the plate current pulse as
described and illustrated on pages 54 and 55.
This insures that retrace of the vertical scan-
ning from bottom to top of the picture occurs
at the correct instant as shown in Figure 66.

The action of the blocking oscillator cir-
cuit of tube T1 has been covered in pages 47
through 49. In the present circuit its applica-
tion is conventional. The ‘‘free running”
frequency is controlled by the time constant of
capacitor C4 and its discharge resistors R4
and R5 in series. R5 is variable and acts as
the ‘‘hold’’ control to adjust the oscillator fre-
quency to ‘‘lock’’ with the repetition rate of the
vertical sync pulses.

HORIZONTAL SYSTEM

VERTICAL SYSTEM

1. A. F. C. Sync Discriminator
Reactance Tube

Sine Wave Oscillator

Pulse Forming Stage

Output Amplifier

Damping Tube

Blocking Oscillator
Output Amplifier

2. A, F. C. Sync Discriminator
D. C. Amplifier
Cathode-Coupled Multivibrator
Output Amplifier

Damping Tube

Assymetrical Multivibrator
Output Amplifier

3. Blocking Oscillator
Output Amplifier
Damping Tube

Blocking Oscillator
Output Amplifier

4. A. F. C. Sync Discriminator
D. C. Amplifier

Cathode =Coupled Multivibrator
Output Amplifier

Damping Tube

Blocking Oscillator
Output Amplifier

5. A. F. C. Sync Discriminator
Reactance Tube

Sine Wave Oscillator

Pulse Forming Stage

Current Oscillator Output Stage

Cathode-Coupled Multivibrator
Output Amplifier

6. A. F. C. Control Stage
Blocking Oscillator
Output Amplifier
Damping Tube

Assymetrical Multivibrator
Output Amplifier

Fig. 81. Chart of Electromagnetic Deflection Systems as Used in Present-day Receivers

73



CATHODE-RAY - - BEAM DEFLECTION SYSTEM

VERTICAL
BLOCKING OSCILLATOR

@ AMFD

OUTPUT
AMPLIFIER

l‘__
L.
.0035 MFD @ 6J6 cs .035
{ TG 220 a6 MFD L4 LS
T T2
c4 /_t_& K To
Ll L2 | MEG > R4 ¥
5 3 VERTICAL
S\ T R8 g 10 DEFLECTION
) coiLs
>
RS Ly =\ 10
MEG RO
100 == 1K
= 2 MEG  puLSE MFD
47K 2 MEG = FORMING
.00S - RESISTOR ==
MFD R3  vERTICAL +8 = = d
HOLD” +
VERTICAL R10
CONTROL *SIZE” OR "HEIGHT" 10K
VERIICAD CONTROL VERTICAL
+B DISCHARGE “LINEARITY" =
005 Tuse CONTROL
MFD R2
POINT OF
"TRIGGERING®
B. —
002 VOLTAGE  |H{CUTOFF B oo —— b
MFD AT
To @
VERTICAL
SYNC. TIME— \NOTE: CURVE NEED NOT BE LINEAR
PULSE DUE TO USE OF DISCHARGE TUBE T3
&
VOLTAGE
AT
TIME—= MANY LACK OF LINEARITY CAN BE

CORRECTED BY VARIATION OF THE
BIAS OF T3 BY LINEARITY CONTROL (RIO)

Fig. 82. Electromagnetic Deflection Systems - Example 1. Vertical Circuit

The second section of the dual triode acts
as a discharge tube to ‘‘short’” the network
consisting of C5 and R8, which forms a voltage
wave consisting of a linear sawtooth followed
by a pulse as described on page 60.

The charging voltage, supplied to net-
work C5-R8, is controlled by the series
combination R6 and R7 connected to the ‘‘B”
supply. R7 is made adjustable to act as the
‘‘height’’ or ‘‘size’’ control.

Tube T3 is a triode-connected output
amplifier and serves to increase the amplitude
of the ‘‘sawtooth-pulse’”’ to the proper level
for action of the vertical deflection coils. The
only feature of special interest in this part of
the circuit, is the variable cathode bias resis-
tor (R9 and R10 in series). Adjustment of the
operating point on the grid voltage-plate cur-
rent curve, by the setting of R10, serves to
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introduce the proper amount of distortion to
correct any departure from linearity of the
sawtooth scanning wave. This control is known
as the vertical ‘‘linearity’’ control.

In practice, adjustment of R7 (vertical
““height’’) and R10 (vertical ‘‘linearity’’) are
somewhat interdependent. In this type of cir-
cuit, the vertical ‘‘size’’ or ‘‘height’’ control
primarily affects the lower half of the picture,
while the vertical ‘‘linearity’’ control has its
major effect upon the upper half of the picture.

Figure 82B and 82C show the form of
voltage waves appearing between ground and
points A and B respectively.

Horizontal Deflection System. Figure 83
shows the horizontal deflection system of the
receiver which has been selected as typical of
Example 1 (Figure 81). It consists of a com-
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bination of circuit elements which have been
treated separately in our discussion to this
point, namely: the sine wave oscillator (con-
trolled by the sync pulse through an A.F.C.
system and ‘‘reactance’ tube), pulse shaping
circuits and tubes, followed by a horizontal
output tube and a triode damping tube.

The sync pulses are separated from the
signal and applied to the grid of a ‘‘sync ampli-
fier’’ T1 through network C1-Rl. The plate
circuit of this tube supplies the vertical ampli-
fied pulses directly from the plate to the ‘‘in-
tegrating’’ network of Figure 82. The amplified
horizontal pulses are taken from a tap on the
voltage divider R3-R4, and applied through C2
to the A. F. C. sync discriminator or ‘‘phase
detector.’”’ This circuit, employing a dual-
diode (6AL5), will be recognized as the
‘‘Seeley-Foster’’ discriminator used for FM
detection. Its use in this circuit is to compare
the repetition rate of the sync pulses with the
frequency of the horizontal oscillator, and to
produce a DC output voltage for control of the
reactance tube (T4). The reactance tube auto-
matically adjusts the frequency of the horizon-
tal oscillator and keeps it in step with horizon-
tal scanning. The action of this circuit will be
described in more detail later.

Tube T5 is employed as an electron-
coupled oscillator. The screen is at ground
potential, for the oscillator frequency (15,750
cycles), due to the bypass capacitor C7. Feed-
back, to sustain oscillation, is furnished by the
“‘hot’’ cathode tap on the transformer secondary
L2. In this circuit, there are two adjustable
frequency controls: the iron core tuning
‘“slugs’’ of transformer windings L1 and L2,
and the grid resistor combination R10 and R11.
The transformer adjustments are pre-set, or
semi-fixed, to assure that the action of the
horizontal ‘‘hold’’ control (R11) will cover the
proper frequency range on either side of center
of its rotation.

Figure 83B shows the sine wave voltage
appearing across the oscillator grid circuit.
This voltage is electron-coupled to the plate
circuit of tube TS5. In this circuit, the first
shaping of the wave from its sine form to the
required pulse occurs as shown in Figure 83C.
This action takes place when the plate swing
reaches the region of plate current cut-off dur-
ing part of the cycle.

The coupling network C8-R12, C9-R13,
acts as a ‘‘differentiating’’ circuit and further
sharpens the wave-shape as shown in Figure
83D.
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The voltage wave, of Figure 83D, is
impressed on the grid of the horizontal ‘‘form-
ing”’ tube (T6). This tube acts in much the same
manner as the discharge tube described on
page 49. The positive voltage peaks on the grid
cause plate conduction to discharge a sawtooth
capacitor C10 in its plate circuit. This pro-
duces the wave form (Figure 83E) which is
used to ‘‘trip’’ the horizontal output tube (T7).
R14 and R15, in the plate circuit of tube T6,
control the charging voltage of C10, and there-
fore, the variable portion (R15) acts as a
horizontal ‘‘size’’ or ‘‘width’’ control.

The horizontal output and horizontal
damping circuits are similar to those describ-
ed in pages 62 through 67. In this case, how-
ever, a number of new circuit features and
additional controls appear:

1. An “‘inverse’ or ‘‘negative’’ feedback
circuit consisting of the resistance divider
(R17 and R18), across part of the horizontal
output transformer secondary, and the capac-
itance divider (C11 and C12) in the grid circuit
of T7, feeds back a small “corrective’’ signal
to the input of the stage. This aids in correct-
ing departure from linearity of the part of the
sawtooth current wave contributed by tube T7.

The expedient of employing a small
amount of negative feedback to improve linear -
ity is used in other deflection circuits and the
service technician should be able to recognize
it. Often this feedback takes the form of coup-
ling from the cathode circuit of the output tube
to a capacitance divider in the input of the
same tube.

2. The screen voltage of the horizontal
output tube (T7) has been made variable by
means of resistor R21. This control serves to
adjust the amplitude of plate current contribu-
tion by tube T7, to the scanning wave. In this
case, the control is a ‘“semi-fixed’’ adjustment
and has no descriptive name. It is an auxiliary
““width’’ adjustment for the right hand half of
the picture. ’

3. The damping tube circuit, shown in
Figure 83A, is similar to that described on
pages 66 and 67, with the addition of a second
‘“‘linearity’’ control (R23). In this case, ‘‘lin-
earity’’ control No. 1 (R20) is used as describ-
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ed on page 67 and its function is to adjust the
center area of the picture. ‘‘Linearity’’ con-
trol No. 2 (R23) is used to expand the left hand
side of the picture.

As in other deflection circuits discussed,
these controls, “width’ (R15), “linearity”’
No. 1 (R20), and ‘‘linearity’’ No. 2 (R23) are
interdependent and the adjustment of any one
may necessitate readjustment of the others.

ELECTROMAGNETIC SYSTEM - - EX -
AMPLE 2. Example 2 in the chart of Figure
81, employs a grounded cathode assymetrical
multivibrator in the vertical circuit, and a
cathode-coupled version in the horizontal sys-
tem. Figure 84 shows the details of the ver-
tical system, and Figure 85 illustrates the
horizontal circuit. '

Vertical Deflection System. The vertical
deflection circuit of Figure 84, employs ele-
ments which have been previously covered:
the sync amplifier, the assymetrical multivi-
brator and the vertical output tube.

A circuit not previously discussed, known
as a ‘“‘sync clipper’’, is included since its plate
circuit components are an essential part of the
deflection circuit under consideration. The
‘“‘sync clipper’’ operates at very low plate volt-
age, (approximately 15 volts in this circuit),
and derives its bias by grid rectification of the
video signal. Plate current conduction occurs
on the peaks-of the video signal only. These
peaks actually are the sync pulses. Thus tube
T1 ‘‘clips” the sync pulses and passes them on
to the sync amplifier tube (T2). (See Figure
84B.)

Although we have labeled T2 as a sync
amplifier (its common commercial name), in
reality it should be considered as a coupling
tube and isolation stage. Since the load of the
tube, resistor R10, is in the cathode circuit,
the voltage gain of the stage is less than unity.
The output is taken from the cathode and the
voltage pulse which this tube delivers to the
grid of the multivibrator tube (T3) is negative
with respect to ground. This is the require-
ment for ‘“‘tripping’’ the sweep action, as de-
scribed on page 55. The shape of the negative
pulses which appear at the grid of T3 is shown
in Figure 84C. The coupling network between
the ‘‘sync clipper’’ (T1) and the ‘‘sync ampli-
fier”’ (T2) has several unusual features:
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Fig. 84. Electromagnetic Deflection Systems - Example 2. Vertical Circuit

1. Resistor R6 and capacitor C3 con-
stitute an ‘‘integrating’’ circuit to accept the
vertical sync signals and reject the horizontal
sync signals. To make use of this circuit, an
unconventional grid biasing method becomes
necessary.

2. It will be noted that the grid circuit
of T2 is connected to ‘‘B’’ plus through resis-
tors R6, R4 and R5 and to ground through
resistor R3. This group of resistors acts as a
voltage divider, across ‘‘B’’ plus. The pos-
itive voltage impressed on the grid causes a
plate current through the cathode bias resistor
(R7). This bias is opposed to the positive bias
from the plate circuit and, as a result, the
actual grid bias with respect to ground is
approximately plus 3 volts. The positive bias
assures a condition of plate current conduction
until cut-off action is initiated by the negative
pulse from the horizontal sync signal.

The assymetrical multivibrator, consist-
ing of tubes T3 and T4, actually a single dual
triode 6SN7, is the same circuit as covered in

Figure 59. It will be noted that the time con-
stant of tube T4 grid circuit is approximately
ten times that of tube T3. The short time con-
stant of T3 corresponds to the retrace period,
while the longer time constant of T4 controls
the active trace portion of the sawtooth wave.

As in multivibrator circuits previously
discussed, the free running frequency is con-
trolled by the time constant of capacitor C9
and the series combination of R11 and R12.
R12 is made variable to act as the vertical
“‘hold’’ control.

An interesting circuit variation is the
use of capacitor C12 as a combined sawtooth
generator and coupling means to the vertical
output tube (T5). The bias voltage of tube T5
is determined by a balance of the cathode volt-
age drop across R15 and R16, and a positive
voltage from the ‘‘B’’ supply through R14 and
R13. The net bias voltage of the tube is
approximately plus 7 volts. Capacitor C12 is
charged from the ‘‘B’’ source through R14 and
R13. R14 acts as the vertical ‘‘size’’ or

77



CATHODE-RAY - - BEAM DEFLECTION SYSTEMS

Gy FIGURE 85A

- [— 1.. e mmren
<3 o FOSLRT

T b B ER L RO
ng;—'*—';'- M‘?ﬁ -'s_‘l_L_ W%’Sé% I,‘, T "_'-A_IL i

t
'3'-'-‘?'?_-;{ | 255 . = Ta T
*1. B b ,2—;_3: _,r vhué ;\‘. . ] -/ _L— . 1 ‘ " SE3) !
+a i T & » . o W B e ] we
et ﬁn. - sk | ;.‘_15&
AT AN, TP TG &g
= - - S e I '#{ N
;i’o “’"h‘m WE :
FIGURE 858
VOLTAGE 73 and its explanation on pages 62 and 64, the
WAVE secondary of the vertical output transformer
mgam (L2), and the vertical deflection coils, are

TIME =~ PLATE OF SYNC AMPLFER (T2)

FIGURE 85C

VOLTAGE

T

TIME =~ CATHODE OF DISCRIMINATOR (T4)

FIGURE 85D

VOLTAGE

TO GROUND
TIME —= GRID OF HORIZONTAL OUTPUT (T8)

Fig. 85. Electromagnetic Deflection Systems -
Example 2. Horizontal Circuit.

‘‘height’’ control. It will be noted that R14
controls not only the plate voltage of T4 but
also the screen voltage of the vertical output
tube (T5). Since the amplification of a pentode
is partially dependent on the screen voltage,
this control exerts a dual influence on the
overall gain of the vertical system and hence
the height of the picture.

The adjustable cathode bias resistor
(R15) serves as a ‘‘linearity’’ control. A
slight amount of inverse, or negative, feed-
back occurs in this stage due to the connection
of C12 to the cathode of the tube, rather than to
ground. This feedback assists in improving
the linearity of the sweep applied to the de-
flection coils.

Two new circuit elements, capacitor C13
and resistor R17, appear in connection with the
output transformer. As in the circuit of Figure
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tuned to resonate at a frequency such that the
first half cycle corresponds to the vertical re-
trace time (500-750 microseconds). (See Fig-
ure 66, Page 53.) When the plate current of
vertical output tube is suddenly cut off by the
negative swing of voltage on its grid, as shown
in Figure 64D, the ‘‘ringing’’, or oscillation,
of the output circuit causes a rapid retrace of
scanning. Any tendency of this circuit to con-
tinue in a state of oscillation is suppressed by
the damping resistor (R17).

Horizontal Deflection System. The hor-
izontal deflection system of this general class
(Example 2, Figure 81) is similar in some
respects to that described in Example 1, since
it employs ‘‘flywheel’’, or A. F. C., control of
the scanning oscillator by the repetition rate
of the sync pulses.

This circuit, Figure 85A, employs the
same ‘‘sync clipper’’ tube as was shown in
Figure 84A. In this case, however, the grid of
the horizontal ‘‘sync amplifier’’ is coupled
directly to the plate of tube T1 by means of
capacitor C2. This allows the short time (5
microseconds) pulses to be passed directly to
the A. F. C. circuit through amplifier T2.

The sawtooth generation is accomplished
by a cathode-coupled multivibrator rather than
a sine wave oscillator. A ‘“sample’’ of the
scanning wave voltage is taken from the output
transformer secondary L5 and injected into the
series diode discriminator, or ‘‘phase detec-
tor’’, where it is compared with the repetition
rate of the horizontal sync pulses.

The direct current output of discrimin-
ator tubes T3 and T4 is applied to the grid of
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a DC amplifier. It will be noted that a high-mu
twin triode (6SL7-GT) has been employed as a
dual-diode by connecting the grids and plates
of the respective sections to each other. The
plate resistance of amplifier tube T5 is part of
the discharge resistance network which deter-
mines the operating frequency of the cathode-
coupled multivibrator.

The function of this DC amplifier tube
(T5) is similar to that of the reactance tube
(T4) of Figure 83A. The resistor discharge
network comprised of R12, R13, R14 and the
plate resistance of tubs T5 controls the time
constant of the multivibrator grid circuit tube
(T6). One of these resistors, R13, is made
variable to adjust the free-running frequency,
and therefore, acts as the horizontal ‘‘hold”’
control. The tuned circuit in the cathode return
of tubes T6 and T7, consisting of capacitor C6
and inductor L3, is an additional control of the
free-running frequency of the multivibrator.
This is a service or ‘‘semi-fixed’’ adjustment,
and is used to set the range of the ‘‘hold’’ con-
trol so that it operates symmetrically about
its mid-position.

The operation of the remainder of the
circuit, consisting of horizontal output tube
(T8) and damping tube (T9) needs no further
explanation at this time since it has been de-
scribed on pages 62 through 617.

Figures 85B, 85C and 85D show the
waveforms found at various points in this cir-
cuit. The wave of Figure 85B requires ex-
planation since it differs from the series of
single horizontal pulses delivered to the grid
of T2 by the ‘‘sync clipper’’ (T1). It consists
of a positive ‘‘pip’’ followed immediately by a
negative ‘‘pip’’. The reason for this action lies
in the fact that the plate load of tube T2 con-
sists of the primary of the discriminator
transformer (L1). When a square wave pulse
of plate current passes through the inductance,
magnetic flux is generated during the rapid
rise of current at the leading edge of the pulse,
and the rapid fall of current at the trailing
edge. Since these current changes are in
opposite directions, they produce the waveform
of Figure 85B.

ELECTROMAGNETIC SYSTEM - - EX-
AMPLE 3. Example 3 in the chart of Figure
81, uses blocking oscillators in both the verti-

cal and horizontal deflection systems. This
combination has been employed mainly in
table models using the TDP4 or the 10FP4 pic-
ture tubes. Synchronization of both oscillators
is caused by ‘‘triggering’’ action of the ‘‘clip-
ped’”’ and ‘‘shaped’’ pulses. Figure 86 shows
both the vertical and the horizontal deflection
circuits of a typical commercial receiver em-
ploying this combination.

Vertical Deflection System. The circuit
employs the following elements: a ‘‘sync am-
plifier”’, a diode ‘‘clipper’’ or ‘‘sync leveler’’,
a ‘‘sync separator’’, an ‘‘integrating’’ circuit,
a blocking oscillator, and a vertical output
tube.

The video signal, with its vertical and
horizontal sync pulses, is impressed on the
grid of the ‘‘sync amplifier”’ tube (T1), Figure
86, through a coupling network comprised of C1
and R1. This stage is a normal voltage ampli-
fier, biased so as to amplify the signal without
change in waveshape. The polarity of the video
signal applied to the grid of T1 is such that the
sync pulses are in the positive direction in-its
plate circuit.

Diode T2 is connected, by coupling cap-
acitor C2, across the plate load resistor (R2)
of tube T1. The diode load resistor (R3) also
acts as the grid resistor of ‘‘sync separator’’
tube (T3). The resistor is returned to a nega-
tive bias supply of -20 volts and this bias
performs two functions:

1. It causes tube T3 to act as a ‘‘detect-
or’’, since it places operation beyond plate
current cut-off. Under this condition of oper-
ation, only the most positive portion of the
input signal (the synchronizing pulses) causes
plate current flow. Thus the tube T3 can sep-
arate or ‘‘clip’’ the sync pulses.

2. This negative voltage also acts as
delay bias for the diode ‘‘clipper’’ or ‘‘leveler”’
tube (T2). When the level of the amplified
pulses, appearing across plate load resistor
(R2), exceeds this delay bias, rectification
occurs in diode T2 causing a negative voltage
to appear across the diode load resistor (R3).
This voltage adds to the normal bias and is in
effect an A.V.C. voltage for the control of sync
separator tube (T3). This ‘“levels’’ the line of
sync pulses so that each recurring pulse in the
output of tube T3 is of an equal amplitude.
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Fig. 86. Typical Electromagnetic Deflection System - Example 3

The series combination of resistors R5
and R6, in the cathode circuit of T3, acts as the
output load of the sync separator, and feeds the
separated -pulses to both the vertical and hor-
izontal systems. The integrating network, for
acceptance of the vertical sync signal, is com-
posed of capacitors C3, C4, C5, C6 and C7
together with resistors R7, R8, R9 and R10.

Control of the blocking oscillator tube
(T4), by the sync pulses, is accomplished
through series injection in the grid circuit as
covered on pages 54 and 55. The action of the
blocking oscillator is the same as that describ-
ed and illustrated on pages 47 and 48, with the
exception of the addition of peaking resistor
(R18) in series with the sawtooth forming cap-
acitor (C12).

Vertical “‘hold’’ is controlled by R12 in
the grid circuit and vertical ‘‘height’”’ by R14
in the plate circuit, as previously covered.
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The action of vertical output tube (T5),
with its cathode bias control of vertical ‘‘lin-
earity’’, has been covered previously.

Horizontal Deflection System. The hor-
izontal deflection system is similar to that
described on pages 61 - 64 and illustrated in
Figure 73, with the substitution of a pulse
‘‘triggered’’ blocking oscillator for the A. F. C.
controlled sine wave generator. The elements
of the circuit are: a blocking oscillator, a dis-
charge tube, a horizontal output tube and a
damping tube.

Horizontal sync pulses are fed to the
grid of the blocking oscillator tube (T6) from
the voltage drop across resistor R6 in the
cathode circuit of the sync separator tube (T3).
The circuit consisting of resistor R6 and the
secondary L6, with its distributed capacitance,
accept the horizontal pulses and reject the
vertical group. Blocking oscillator tube T6 is
thus controlled by the sync pulses and proper
scanning occurs.
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The grid of horizontal discharge tube
(TT is directly connected to the grid of the
blocking oscillator tube (T6) and functions as
described on page 49. The sawtooth generating
and peaking circuit, consisting of C16, R26 and
R27, is discharged or triggered by plate con-
duction of tube T7as controlled by the oscillator
tube (T6). Resistor R26 is made variable as a
horizontal ‘‘drive’’ control. The action of this
control was discussed on page 65.

The action of the remainder of the‘circuit
(horizontal output, damper, and high voltage
rectifier) have been covered previously.

Figure 87 shows a commerical variation
of the blocking oscillator which has several
unusual features. The feedback action involves
the use of both sections of a high-mu twin tri-
ode (6SL7GT). The input section (T1) operates
with cathode bias due to its plate current flow
through R2. This establishes a negative bias
as shown in Figure 87B. T1 is coupled to the
cathode of a ‘‘grounded grid’’ triode T2. The
plate of T1 feeds the cathode of T2 through C3.

The unusual feature of this circuit is the
incorporation of a tuned circuit comprised of
L3 and C4 in the plate return of Tl1. The com-
bination of L3 and C4 is tuned to a frequency
slightly lower than the horizontal scanning rate
of 15,750 cycles per second and is shock ex-
cited by the pulse action caused by feedback
through transformer windings L1 and L2. The
sudden positive pulses shown in Figure 87B
have an action similar to the ‘‘push’’ given a
pendulum in a ‘‘grandfather’s clock’ by the
mechanism. The mechanical pulses are cor-
rectly timed to sustain the simple harmonic
motion. The action of the electrical pulses
results in a condition of sustained oscillation
in which the voltage wave across L3 is prac-
tically sinusoidal. (See Figure 87F.)

The C-R circuit in the cathode of T2,
consisting of C3, R3 and R4, has a variable
time constant of from 15 to 30 microseconds
(see page 36) and by adjusting R3 it is possible
to effect small changes of the free running fre-
quency. Resistor R3, therefore, functions as
a ‘“hold’”’ control. It will be noted from the
waveform of the cathode to ground voltage
(Figure 87D) that the combination of pulse
action and capacitor discharge produces a
sharply peaked input to T2.
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Fig. 87. A Variation of the Blocking Oscillator

The plate current conduction pulses of
T2 (see Figure 87E) ‘‘trip’’ the charge on the
sawtooth and pulse forming circuit C6-R7.
The path of this discharge action includes
transformer primary L1, the internal plate to
cathode path of the tube T2, and parallel cir-
cuits from cathode to ground comprised of R3,
R4 and C3, R5, C4.
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This oscillator is very stable in action
due to the ‘‘flywheel’’ effect of the tuned cir-
cuit (L3-C4). It is not readily tripped by
random noise pulses which arrive at times
other than the synchronizing pulses.

ELECTROMAGNETIC SYSTEM - - EX -
AMPLE 4. In the combination example 4, Fig-
ure 81, the horizontal circuits are identical to
those described under Example 2, and illus-
trated in Figure 85A. The vertical system,
however, exhibits several interesting features
and merits description.

Vertical Deflection System. The elements
of this system include: a sync ‘‘clipper’’, an
integrating circuit, a vertical sync amplifier,
a blocking oscillator and a vertical output tube.
Figure 88 shows the circuit details of this
combination.

Tube T1, a sharp cut-off pentode (6SHT),
operates at low plate and screen potentials
and is self-biased by grid circuit rectification
of the video signal impressed through Cl and
R1l. Under these conditions, only the positive
peaks of the input signal cause output plate
current. Thus the sync pulses are ‘‘clipped”’
from the video signal.

The sync signals are passed to the ver-
tical sync amplifier tube (T2) through a three
stage integrating circuit (R5-C4, R6-C5,
R7-C6). The sync pulses, having been inverted
in polarity through tube T1, arrive at the grid
of tube T2 as a negative voltage swing which
drives the tube to cut-off. This results in
positive ‘‘going’”’ pulses in the plate circuit
which are of the proper polarity for the control
of the blocking oscillator circuit. It will be
noted that tube T2 is given a small initial pos-
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itive bias from the ‘“B’’ plus supply through a
one megohm resistor (R8). Since this tube is
a high-mu triode (6SL7GT) these operating
conditions result in a large swing of plate volt-
age under control of the sync pulse. It will be
noted that the entire swing of the plate voltage
of tube T2 is applied to the secondary (L2) of
the blocking oscillator feedback transformer.

The blocking oscillator is conventional
in its circuit features. As in the systems pre-
viously described, grid circuit resistor (R12)
acts as the vertical ‘“hold” control and plate
supply resistor (R15) serves as the ‘‘size’’ or
‘“‘height’’ control.

The vertical output stage (T4) employs
a power pentode (6L6GT) with the feedback
method of linearity correction from the cathode
circuit. Variable bias resistor (R18) controls
vertical ‘‘linearity’’.

ELECTROMAGNETIC SYSTEM - - EX -
AMPLE 5. In the deflection system listed as
Example 5 of chart Figure 81, the only element
which we have not previously considered is the
‘“oscillating output stage’’ or ‘““beam relaxor’’.
Circuits of this general type, in which the gen-
erator itself supplies the deflection current,
are also called ‘‘current oscillators’’.

Figure 89 shows a version of this type
output stage which has been used in a number
of models now on the market. In this circuit
a beam power pentode (6L6) has its control
grid connected to the secondary (L3) of the
output transformer, with proper polarization
to cause oscillation. The screen grid of this
pentode is coupled to the plate of a sync pulse
clipper and can inject a voltage pulse at the
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Fig. 88. Electromagnetic Deflection Systems - Example 4. Vertical Circuit
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Fig. 89. Oscillating Horizontal Output Stage

correct time to synchronize the frequency of
oscillation with the rate of the horizontal sync
pulses. Since the action of this circuit differs
considerably from any which we have previous-
ly considered, a step by step analysis of its
operation follows:

1. As a starting point, let us assume
that the plate current of the tube has just been
cut off, by the negative sync pulse at the screen
or by the oscillator action itself. This cut -off
occurs at the instant that retrace of scanning
starts a new line. The magnetic flux stored in
the transformer collapses inducing a high
negative voltage on the grid. This collapse of
magnetic flux, and its resultant voltage change
across the horizontal deflection windings, pro-
duces the change in polarity necessary for
retrace of the scanning wave.

2. A series circuit consisting of R7
(1.8K ohms), L1 (800 microhenries), and C5
(.008 MFD) is connected across this winding.
This network cirtically damps out any tendency
for continued oscillation. Following retrace,
the grid potential grows less negative until
plate current starts to flow.

3. The rate at which the plate current
will flow is determined by:

a. The plate resistance of the tube,
which is controlled by the cathode
bias network. Since we are now con-
sidering the trace or linear part of
the cycle, the influence of the varia-
ble portion of the cathode circuit
resistance (R4) can act as a horizon-
tal ‘‘hold’’ control.

b. The inductive load in the plate circuit.
This consists of the plate to ‘“B’’ plus
part of winding L2 with the reflected
effect of secondary grid winding L3.

4. The time constant of a circuit
consisting of inductance and resistance is de-
termined by the ratio of L to R. When an in-
ductance is suddenly disconnected from a
source of direct current and allowed to dis-
charge its stored energy through a resistor, a
change of current, with time, will occur which
is identical in shape to the change of the volt-
age wave discussed in connection with capac-
itor sawtooth wave forming circuits.

With an effective plate circuit inductance
of 60 millihenries and an AC or dynamic plate
resistance of 500 ohms, the L/R ratio cor-
responds to the required time constant for
15,750 cycle scanning. These conditions are
met in the circuit of Figure 89.

5. As the sawtooth current wave builds
up in the plate circuit, it induces a similar
wave, by transformer action, in winding L3,
which supplies the horizontal deflection coils
and the grid of the ‘‘beam relaxor’’.

6. As the current wave increases in
amplitude, a point is reached at which the grid
voltage has become sufficiently negative, with
respect to the cathode, to produce plate current
cut-off. It will be noted, by examining the
plate current versus plate voltage curves of the
6L6 beam pentode, that there is a sharp ‘‘knee’’
in the curve after which the plate current
reaches saturation. In this circuit, the action
takes place by sweeping rapidly from the reg-
ion below the ‘‘knee’’ of the curve to the sat-
uration region. The saturation or flat region
corresponds to the active sweep. The low
current region below the ‘‘knee’’ corresponds
to the retrace period.

In a ‘“‘beam’’ pentode, a negative pulse of
voltage applied to the screen will cause a sharp
increase of applied plate voltage. The pulse is
supplied in this circuit, by the pulse clipper
tube (T1). This initiates the retrace cycle and
assures ‘‘lock-in”’ with the video signal.

ELECTROMAGNETIC SYSTEM - - EX -
AMPLE 6. The circuits of the combination
outlined as Example 6 (Figure 81) are similar
to those of Example 2, with the exception of a
different type horizontal oscillator sync con-
trol. While, for simplicity, it has been listed
as an A. F. C. control, in reality ‘‘pulse width
control’’ would be a more accurate descrip-
tion.

Figure 90 shows the essential details of
this system, which include a sync clipper, a
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Fig. 90. Automatic Pulse Width Control of Blocking Oscillator

control tube, and a blocking oscillator. The
other elements of the system have been fully
covered.

The pulse output of the clipper (T1)
which appears across the cathode resistor (R2)
is positive with respect to ground. This pulse
is applied to the grid of control tube (T?2)
through the differentiating network consisting
of C1, C2, and C3. The action of the remainder
of the circuit involves simultaneous events
which can best be described in sequence:

1. The control tube (T2) fulfills a num-

ber of functions, namely;

a. Since a portion of its cathode circuit,
resistor R6, is common to the grid
circuit of the blocking oscillator tube
(T3), it is able to affect the frequency
of oscillation by influencing the time
constant of the circuit comprised of
C10, R11 and R6 (paralleled by C8
and C9).

b. The voltage drop across R6, due to
the plate current of tube T2, can be
controlled by potentiometer R8, which
adjusts the plate voltage. R8 consti-
tutes the horizontal ‘‘hold’’ control.

c. Tube T2 serves as a means of auto-
matic frequency control of scanning
by ‘“mixing’’ the original pulse from
tube T1, a signal fed back from the
output of the blocking oscillator tube
(T3), and a pulse from the horizontal
deflection coils through R15 and C12.

2. The pulse voltage derived from the
deflection coil is that which occurs at the in-
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stant of retrace. It is ‘‘sharpened’’ by network
R15 and C12. This pulse is negative with re-
spect to the original sync pulse.

3. A small portion of the sawtooth
voltage in the plate circuit of the blocking
oscillator tube (T3) is also fed back through
resistor R14 to the grid of control tube (T2).
This voltage is positive (the same polarity as
the original sync pulse) and is combined with
the sharp negative pulse from the deflection
coil. The result of this combination produces
a sawtooth which has a very sharp or vertical
return.

4. The combination voltage just describ-
ed is applied to the control tube grid. It will
coincide with the original sync pulse only if
the oscillator is in exact step with the video
sync pulses.

5. As exact synchronizm is reached, the
control tube grid pulse, which consists of the
original sync pulse added to the fed back pulse,
will be narrow and of high amplitude. If the
fed back pulse is slightly fast or slow it will
not add to the original sync pulse, but instead
will have the effect of widening the original
pulse.

6. From this combination of variable
width and height of the voltage pulse on the grid
of tube T2, a very precise timing is achieved.

7. The plate current pulse of tube T2,
flowing through cathode resistor RS, adjusts
the grid circuit time constant of the blocking
oscillator tube T3 and produces the required
exact synchronization.
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CHAPTER 9. SYNC PULSE SEPARATION AND USE

Up to this point, we have considered
those sections of a television receiver con-
cerned with the formation of an electron beam
or “pencil”’ in a cathode-ray picture tube, the
control of this beam in intensity, and its de-
flection in the horizontal and vertical direc-
tions.

It has been shown that the path traced by
the beam can be made to cover the picture
area in a regular sequence, which corresponds
to a similar sequential scanning action occur-
ring in the ‘‘pick-up or camera’’ tube at the
transmitter. The methods by which synchron-
ized control of the receiver scanning action is
accomplished have been described.

In the following sections we will cover
those portions of the receiver which concern:

1. The interception and selection of the
desired television signal and its amplification.

2. The detection and separation of the
video or “‘sight’’ portion of the signal from the
accompanying sound signal.

3. The use of the video signal to modu-
late the intensity of the picture tube electro
beam. .

4. The reconstruction or insertion of the
average or ‘‘background light level” (dc re-
storation).

5. The separation, amplification and use
of the sync pulses.

SYNCHRONIZING PULSE SEPARATION,
AMPLIFICATION AND UTILIZATION

Sync pulse separation has been mention-
ed in connection with the description of deflec-
tion systems on pages 73 to 84. At this time
we will consider in greater detail the methods
of separation, amplification and subsequent use
of the sync pulses. Before starting such a
study, it will be of value to review as a ‘‘re-
fresher’’, some of the fundamental actions and
characteristics of vacuum tubes as amplifiers
and rectifiers.

REVIEW OF THE ACTION OF VACUUM
TUBES AS APPLIED TO THE SEPARATION
AND USE OF SYNC PULSES: In analyzing
commercial receivers with regard to the meth-
od of separating the sync pulses from the
‘‘composite’’ video signal, we find circuits in
which this function is accomplished by diodes,
triodes and pentodes employed under widely
different circuit and operating conditions.
These include: diode and inverted diode rec-
tification, triodes and pentodes working at
either plate current cut-off or saturation, and
‘‘cathode follower’’ circuits. As an introduc-
tion to our study of the individual applications
and their use in typical television circuits, the
following review of vacuum tube action should
be considered together with a study of the
characteristic curves and data presented in
receiving tube manuals available from the tube
manufacturers.

1. The limits of the plate current range
of a vacuum tube are determined by cut-off and
saturation. Plate current cut-off can be
accomplished by a fixed negative grid bias or
by negative bias derived from grid circuit rec-
tification of the signal in the case of triodes
and pentodes. A series ‘‘delay’’ bias can
produce cut-off in the case of diodes. Plate
current saturation is produced by operation at
low plate voltage in the case of triodes, and at
low plate and screen voltages with pentodes.

2. The voltage developed across a cath-
ode resistor, by the plate current flow, pro-
vides a negative bias if the grid circuit is
returned to the end of the resistor opposite the
cathode. A tube biased by its own plate current
cannot cut itself off. Self bias from the cath-
ode resistor is often augmented by additional
negative bias in series with the grid return or
by ‘‘bleeding’’ current through the cathode re-
sistor from the plate supply, to assure opera-
tion at or beyond cut-off. (See Figure 91.)

3. A change of the control grid voltage
will- produce a change of plate current in the
same direction or polarity. Stated in another
way, the grid voltage and the plate current are
in phase with one another.
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4. The plate voltage change caused by a
change of grid voltage is in the opposite direc-
tion and hence the plate voltage is 1800 out of
phase with the grid voltage. For this reason, a
vacuum tube amplifier is essentially a phase
inverter.

5. A drop of plate voltage caused by a
positive pulse applied to the grid is known as a
‘“‘negative going’’ pulse. As we have seen, such
apulse is required for the control of a
cathode -coupled multivibrator.

6. An increase in plate voltage caused
by a pulse, which drives the grid more nega-
tive than its initial bias condition, is known as
a ‘‘positive going’’ pulse. This is the require-
ment for ‘‘tripping’’ a blocking oscillator.

7. The effect of a plate load resistor is
to cause the plate-cathode voltage to decrease
with an increase in plate current. Conversely,
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with such a load, the plate to cathode voltage
will increase with a drop in plate current.

8. The amount of change in plate to
cathode voltage caused by a change in plate
current can be transmitted or transferred to
the grid circuit of a following tube, in the same
polarity, by means of a coupling capacitor.

9. When the load resistor of a vacuum
tube is in the cathode to ‘‘B’’ minus circuit of
the tube and the output is taken from the cath-
ode (see Figure 93) the circuit is known as a
‘‘cathode follower’’. Since this type of circuit
is frequently employed in television receivers
and has not been widely used in broadcast re-
ceivers, its action will be described before
considering the general subject of sync sep-
aration.

THE CATHODE FOLLOWER CIRCUIT: Fig-
ure 92 shows a circuit having many interesting
characteristics. Its features are: a high
input impedance, a low input capacitance, a low
output impedance, and an output voltage which
“‘follows’’ the input voltage and hence is of the
same polarity. Although it is a power ampli-
fier, the voltage gain can never reach unity and
therefore the loss which it introduces often has
to be compensated by additional amplification.
These characteristics result from the fact that
the unbypassed cathode load resistor (R2) pro-
duces inverse or negative feedback to the grid.
The action of the circuit is as follows:

1. The plate bypass capacitor (C2) is
made sufficiently large that, for the lowest
frequency to be encountered, the plate is sub-
stantially at ground potential. The cathode
resistor (R2) is unbypassed or if a bypass
capacitor is used it is made of low value so
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that its reactance is high at the highest fre-
quency which the stage is required to pass.
The grid is biased negative with respect to
cathode by the plate current which flows
through the cathode resistor (R2). This auto-
matically establishes an operating point near,
but not at, plate current cut-off.

2. Under operating conditions just de-
scribed, let us examine the results of applying
a positive pulse or signal to the grid. The
plate current rises, and the increased plate
current flowing through R2 causes the cathode
to become more positive. If a negative pulse
is applied to the grid, the consequent drop in
plate current will decrease the voltage drop
across R2, and cause the cathode to become
less positive with respect to ground. Since the
voltage change of the cathode in each case is
in the same direction as the grid change which
causes it, the cathode ‘‘follows’’ the grid and
the circuit is consequently known as a cathode
follower.

3. The effective control voltage of the
tube, or voltage between grid and cathode, is
the difference between the input voltage across
R1 and the voltage across the cathode resistor
(R2). Thus, the variation of cathode voltage
caused by the varying input decreases the
effectiveness of the input signal and the stage
is said to be ‘‘degenerative’’.

4. This ‘‘degeneration’’ or negative
feedback produces the effects of low loading on
any circuit across which the stage is connected
(high input resistance and low input capaci-
tance). It is interesting to note that the effect-
ive input capacitance can be lower than the
measured value with the tube cold. To under-
stand how this seemingly impossible condition
can occur, let us examine the manner in which
the tube and circuit can change the voltage
conditions as viewed from the input terminals.

5. Let us assume that when, with a par-
ticular tube and plate voltage, a voltage change
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Fig. 93. Demodulation (Detection) of the Video (Picture) Carrier
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of 1 volt appears across the input terminals
and that this impressed voltage causes a re-
sultant change of cathode to ground voltage of
.9 volts. The applied input voltage ‘‘attempts’’
to charge the input capacitance of the tube to a
potential of 1 volt. Immediately, there appears
a voltage of the same polarity from the cathode
on the other ‘‘plate’’ of this capacitor and the
resultant charge is .1 volt rather than 1 volt.
In this way, the input capacitance of the tube is
apparently much lower than its actual ‘‘static’’
value. A similar effect occurs with respect to
the input resistance of the tube. In the example
used, the effective input capacitance would be
only one-tenth of the actual capacitance.

6. In a similar fashion, the effective out-
put impedance of the stage is very low. Its
value depends upon the amplification factor and
the mutual or transconductance of the tube. As
an example, a tube such as the 6J5 with a mu
of 20, a plate resistance of 7700 ohms and a
G, (transconductance) of 2600 micro-mhos,
will have an effective output impedance across
a 1000 ohm cathode load resistor of only 268
ohms.

The cathode follower, which was used
extensively in radar equipment during the war,
finds many applications as a coupling means
in television transmitters and receivers.

SYNCHRONIZING PULSE SEPARATION: The
nature of the horizontal and vertical synchron-
izing pulses and their time relationship to the
sawtooth scanning raster were described and
illustrated on pages 51 to 53. It was indicated
that these pulses occurred during the time that
the electron stream in the picture tube is cut
off or ‘‘blanked’ out. While we will examine
all of the details of the complex television sig-
nal later in the course, it will be instructive
at this time to examine the video IF signal as
it reaches the video detector. The manner in
which the sync pulses are separated from the
signal and used to control the horizontal and
vertical scanning systems of the receiver will
be discussed. Since the horizontal pulses
occurring at the end of each of the 525 lines
which constitute the picture, are representa-
tive of the pulse separation principle, our dis-
cussion at present will be confined to their
separation and utilization. A treatment of the
vertical pulses will be covered when we con-
sider the methods of segregating the vertical
from the horizontal pulses.
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The pulses can be clipped from the sig-
nal in three places in the circuit:

1. At the input of the video or ‘‘sight”
detector.

2. From any of the video amplifying
stages.

3. At the point of restoration of the av-
erage background light of the picture. For this
reason, Figure 93 shows the nature of the video
signal with its picture and synchronizing *‘in-
formation’’ as it appears at the output of the
last video IF amplifier. The video IF carrier
at the input of the video second detector, shown
in Figure 93 as a diode, is represented at point
‘“A”. It will be seen to consist of horizontal
pulses (as detailed in Figure 65) mounted on a
‘““shelf’’ or ‘‘pedestal’’. These are identified
in Figure 93 as (1), the pulse, and (2), the ped-
estal. Between the edges of the pedestals is
found the modulated envelope of the carrier
which represents the variations of light and
dark of the video signal (3), used to modulate
the cathode ray beam.

Figure 93B shows the form of the de-
tected or demodulated wave with the sync
pulses in the region from (4) to (5). The
‘‘picture information’’ or video signal is shown
in the portion of the wave shown at (6).

It will be noted that the sync pulses are
at the ‘‘top’’ of the signal. Since these occur
when the picture tube is ‘‘black’’ or blanked,
it will be evident that the darker tones of the
picture are just below the ‘‘pedestal’’, or
point (4), of Figure 93B. While the exact
nature of the video signal will be discussed in
detail later, it is of importance to note that,
after passing through the video amplifier, the
signal must reach the grid of the ‘‘picture”
tube in such a phase that the sync pulses are
the most negative part of the wave. This
accomplishes blanking during the return trace.

. We have seen that the polarity of the sync

pulse, as it arrives at the grid of the scanning
oscillator, must be of the proper sign to

"assure control. For this reason, the method

of sync pulse separation selected in any par-
ticular receiver design will depend upon: the
number of stages of video amplification, the
point in the circuit at which sync separation
is accomplished, and the number of sync am-
plifier or clipping stages employed.
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All of the methods of separating the
synchronizing pulse from the rest of the video
signal, involve the fact that the ‘‘pedestal’’ or
blanking level is always maintained in trans-
mission, at a definite point on the carrier
wave (75% of maximum carrier) and therefore
the sync pulses occupy the top 25% of the wave.
The problem of sync clipping thus resolves
itself into one of ‘‘amplitude separation’’ or of
removing the top 25% of the wave without
passing the lower values which contain the
video signal. The methods commonly employ-
ed will be covered under headings of the types
of tubes used.

DIODE SYNC SEPARATION CIRCUITS.
Figure 94 shows the commonly used diode sync
separation circuits. The first three of these
(A, B and C) involve the ‘‘clipping’’ of the
pulse by rectification of the video IF carrier.
In each case, the diode will be found connected
across the video detector circuit. The video
detectors have been omitted for simplicity.

In Figure 94A the picture signal is of
positive polarity, meaning that the output of the
detector becomes more positive as the picture
carrier increases. Since the sync pulses are
at the ‘‘top’’ of the carrier modulation, the
output from the diode separator is in the form
of positive pulses. One stage, or any odd num-
ber of stages, of video amplification, which
will invert the phase, will be required follow-
ing a detector and separator of this type. This
polarity of the video signal is correct for con-
trol of the picture tube grid, since a negative
voltage is required for beam cut-off. The neg-
ative bias shown in series with the circuit of
Figure 94A biases the diode to the ‘‘pedestal’’.
Anode current flows for the duration of the
sync pulses only.

Figure 94B shows an ‘‘inverted’’ version
of the same circuit. In this case, an increase
of video carrier causes a more negative out-
put voltage. The pulse output is negative and
the video output of the detector diode, connect -
ed across the separator, is in the correct di-
rection to actuate the picture tube grid. For
this reason, an even number of video stages
must be employed, causing the output to be of
the same phase as the input. As in the preced-
ing case (Figure 94A), a delay bias is employ-
ed. Diode rectification is limited to the level
of the sync pulses and the rest of the video sig-
nal is rejected. The bias in this case, however,
is positive with respect to ground or chassis.
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The operation of the circuit (Figure 94C)
is similar to that of Figure 94A except that the
bias required for delay of the diode action to
the correct point is derived from rectification
of the signal itself. Two load circuits are em-
ployed in series as the cathode return circuit.
A bias voltage appears across one of these (R1
-C1), and the output sync pulse is developed
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across the other (R2). The bias circuit (R1-C1)
features the use of a time constant which is
long compared with the horizontal and vertical
scanning times. The resistor is in the megohm
range and the capacitor in the order of .5 mfd.
The D-C component resulting from the charge
of the rectified sync pulses, in capacitor Cl1,
automatically biases the diode to the ‘‘ped-
estal’’ or ‘“‘black’’ level This type of circuit
can also be used with a rectified video signal
as well as with video carrier input as shown.

In the circuit of Figure 94D, the bias for
separation of the sync pulse from the rest of
the video signal is also derived by rectification
of the signal itself. The composite video sig-
nal is applied to the input terminals in such a
direction that an increase of the signal tends
to drive the plate of the diode more positive.
This action charges the capacitor C1 and its
discharge through resistor R1 during the per-
iod between pulses establishes a negative
voltage drop with respect to the plate. With
proper choice of time constant, the diode can
be automatically biased by the video signal to
proper point for ‘‘clipping’’ of the sync pulses
from the signal.

TRIODE SYNC SEPARATION CIRCUITS.
In many receivers, triodes or pentodes are
employed rather than the diode circuits just
discussed. The choice of tube type depends
upon a number of design factors involving type
of sync control, polarity requirement, and
point in the circuit at which separation is
accomplished. In general, the use of these
multi-element tubes allows some voltage gain
to be realized in the separation process and,
in certain of the circuits, the additional feature
of ‘‘leveling’”’ or ‘‘limiting’’. Three basic
types of triode sync separating circuits are
shown in Figure 95.

The circuit of Figure 95A makes use of
grid rectification of the video signal, to bias
the control grid, so that cut-off of the plate
current occurs at the desired pedestal level.
This action is similar to that just discussed for
the diode circuit of Figure 94D. Two additional
actions are found in this circuit:

1. The sync pulses are sufficiently high
in magnitude to drive the grid into the positive
region and the lowered grid resistance limits
the input signal by loading.
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2. Some amplification of the sync pulse
occurs due to the amplifying properties of the
triode.

In the arrangement shown in Figure 95B,
the operating conditions are quite different
from those of the circuit of Figure 95A. The
tube is biased from an external source of volt-
age, through resistors Rl and R2, to such a
point that it is just starting to draw grid cur-
rent at the ‘‘black’ or pedestal level. The
input signal is inverted in polarity from that of
the preceding example. In this case, the sync
pulse portion of the video input signal is the
most negative region. The plate voltage is
made very low so that saturation of the plate
current occurs at a grid voltage close to its
zero value. The portion of the video input sig-
nal, more positive than the desired ‘‘clipping’’
level, lies in the saturation region and produc-
es no further rise in plate current. For this
reason, ‘‘limiting’’ or ‘‘leveling’’ occurs at this
saturation point. The negative excursions of
grid voltage, caused by the sync pulse portion
of the input signal, cause a drop in plate cur-
rent as shown in the wave form drawings of
Figure 95B. Although the amplitude of the
sync input pulses has been limited in the draw-
ing (in order to better illustrate the circuit
action), it is evident that if their amplitude is
extended to beyond the grid cut-off point,
limiting will also occur due to plate current
cut-off and the output pulses will be uniform in
size.

The series resistor in the grid circuit
(R1) limits the amount of grid current which
can flow over any one frame. This prevents a
long-time blocking condition from developing
due to an excessive charge on capacitor C1.

The circuit of Figure 95C employs cath-
ode bias to establish the correct operating
point for plate circuit separation of the sync
pulses. In this case, the values chosen for
resistor R2 and capacitor C2 are determined
by the following considerations:

1. The resistor must have such a value
that the plate current pulses above the ‘‘clip-
ping’’ level will produce a voltage-drop equal
to the required operating point. For high-mu
tubes, this resistor will be in the order of
10,000 ohms.

2. The value of the capacitance C2 must
be a compromise between several factors. It
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must be high enough to maintain constant bias
voltage throughout at least one vertical blank-
ing period and yet low enough in value that it
can change its charge in accordance with
changes of the average background lighting of
the scene.

PLATE CURRENT

SATURATION [T M~ N~
|
PLATE CURRENT |
CUT -OFF \ ]
1
1

VIDEO SIGNAL

Fig. 96. Pentode Sync Separating Circuit In-
corporating ‘‘Leveling’’ or ‘‘Limiting’’

PENTODE SYNC SEPARATION. Figure
96 illustrates the use of a sharp cut-off pen-
tode as a combination sync separator and lim-
iting amplifier. Plate current saturation is
assured by operating both the screen and plate
at extremely low voltages. This is accomplish-
ed by the use of dividing networks. The
screen network consists of resistors R3 and
R4 and it will be seen that with a ‘B’ supply
voltage of 340 volts, the screen is held at the
extremely low voltage of 3.2 volts. In like
manner, the plate supply network consisting
of resistors R5 and R6 maintains the plate at
2.6 volts. Under these conditions, plate cur-
rent saturation occurs just after the grid
voltage has passed into the positive region as
shown in the diagram of Figure 96. The grid
circuit network, consisting of resistors R2
and R1 with capacitor C1 establishes the oper-
ating point of the circuit by grid circuit recti-
fication of the video signal. This assures
plate current cut-off at a level just above the
‘‘pedestal’’ or ‘“‘black’’ region. It will be seen
from the drawings that the synchronizing
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pulses are clipped at both ends and leveling or
limiting occurs. Since a pentode operating
under these conditions exhibits very low volt-
age gain, it is necessary to operate a circuit of
this type either at a high voltage level point in
the system or to follow it with sync amplifiers.

The series grid resistor (R2) in this cir-
cuit functions in a manner similar to that of
the positive grid triode of Figure 95B. In this
case, however, it serves an additional function.
Sharp noise pulses, such as those due to motor
car ignition, whose amplitude might be higher
than the sync pulses in the absence of this
resistor would drive the grid highly positive
and result in a blocking condition. This would
cause loss of synchronization, during the per-
iod that the tube was blocked, resulting in loss
of grid and plate current which can flow during
any one sync or noise pulse.

CATHODE FOLLOWER SYNC SEPARA-
TION CIRCUITS. Figure 97 shows two circuits
which employ the cathode follower principle
for the separation of synchronizing pulses from
the video signal. In both cases the action is at
high voltage level and the input to the cathode
follower is taken from the final stage of the
video amplifier.

Figure 97A shows a 6V6 output pentode
operating as a high transconductance triode
with screen and plate connected together.
This tube, in turn, feeds a diode acting as a
sync clipper in a manner similar to that de-
scribed in connection with Figure 94B.

Several unusual circuit features are
evident:

1. The grid circuit of the cathode follow-
er is returned to plus 300 volts through the
network consisting of R1, R2 and R6. If the
diode (T2) were to be removed from its socket
so that no plate current could flow through R6,
the grid of tube T1 would be at a positive po-
tential.

2. The circuit consisting of resistor R6
and capacitor C4 is charged by the rectified
sync pulses from tube T2. The values chosen
for the components of this circuit produce a
long time constant. A steady bias voltage,
negative to ground, appears across R6.



CATHODE-RAY - - BEAM MODULATION AND SYNCHRONIZATION

CATHODE FOLLOWER SYNCICL'PPER
6V6 56AL5
| | T2
2
TO T
VIDEO |
OUTPUT - |
__~ C3
3 PULSE
OUTPUT
4
470K 2 g5
8.2K
+300V
R6
47K —— Cc4
MFD
— —
(A) CATHODE FOLLOWER — SYNC CLIPPER CIRCUIT
SYNC. SEPARATOR
VIDEO OUTPUT D.C. RESTORER
I2SN7GT
. . SYNC.
Ty j _~ 2 [s PULSES
< R7
TO
VIDEO I —t 82K
SIGNAL I\ —
MED SR Sgo o
GRID
IMEG S 330K Y L UoF
"3 "PICTURE
= TUBE
+“0V h 6.8K :E C54
L MFD
= c5 — —J TO
= = CATHODE
I { - OF
;g PICTURE
25 TUBE

(B) CATHODE FOLLOWER WITH TRIODE SEPARATOR
Fig. 97. Cathode Follower Sync Separation Circuits

3. This bias voltage is introduced into
the grid circuit at the tap between resistors R1

and R2 and opposes the positive voltage from

4. Plate current of the cathode follower
the plate circuit.

itself flowing through resistor R3 produces

another source of bias voltage which also tends
to oppose the original positive bias.
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5. The combination of this group of
voltages produces a condition whereby the grid
of the cathode follower is slightly negative with
respect to its own cathode and operation of the
tube is on the linear portion of the character-
istic curve. This operation tends to become
automatic since that portion of the bias which
is contributed by circuit R6-C4 is dependent
upon the peak level of the synchronizing pulses.

6. The pulse output for control of scan-
ning is taken across the un-bypassed resistor
R5 in the plate of the diode sync clipper tube
(T2).

The circuit of Figure 97B is similar in
some respects to that just described since op-
eration of the cathode follower tube (T1) occurs
on a linear portion of the curve due to the
balance of the bias developed across resistor
R3 and the voltage from the plate circuit pro-
duced by the network R1 and R2. In this case,
a net negative voltage of minus 2 volts appears
between grid and cathode.

The cathode follower tube (T1) performs
the dual functions of video output and sync take-
off. The video output for the cathode of the
picture tube is taken directly from the cathode
load resistor (R3) through capacitor C5.

This same load resistor feeds a triode
(sync separator and D-C restorer) tube T2,
through the network consisting of C2, R4, R5,
and C3. The combination of R5 and C3 con-
stitutes a filter for the removal of the high
frequency components of the video signal.

Sync pulses are taken from the plate of
triode T2, which operates in a manner similar
to that of Figure 95C. Use is made of the
direct current bias voltage existing across
network R6-C4 to restore the average compon-
ent of the picture signal which is responsible
for the average light of the televised scene.
This D-C component of the signal has been lost
in passing through the video amplifier stages.
A more detailed explanation of D-C restoration
will be given later in this course.

SYNC PULSE AMPLIFICATION. CLIPPING
AND SHAPING. In most television receiver
designs, more stages than a one tube circuit
are employed for the separation of the sync
pulses from the video signal. These additional
stages are introduced for the purpose of: in-
verting the phase of the pulses (when not of the
proper polarity for control of the scanning
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oscillator), clipping the pulse width (for more
reliable control of scanning), amplifying the
pulse (if it is not of sufficient strength for con-
trol), leveling the pulse (to take care of var-
iations of the video signal and minimize the
effect of interfering noise pulses).

There appears to have been little stand-
ardization to date in naming these stages, and
we find the following descriptive titles in the
service literature of the various manufactur-
ers: ‘‘sync clipper’’, ‘‘pulse stripper’’, ‘‘sync
amplifier’’, ‘‘sync inverter’’, ‘‘sync leveler’’,
‘‘sync limiter”’, ‘‘pulse limiter’’ and ‘‘clamp-
er’’. These various actions are self-explan-
atory and have been covered in the preceding
text. It should be noted that even though a
stage is labeled as a ‘‘sync amplifier’’, it is
usually biased in such a manner that either
cut-off or saturation contributes some element
of ‘“‘leveling’’ or ‘‘clipping’’ as well as the de-
sired voltage amplification.

Examples of the application of these
stages in typical commercial receiver designs
will be found in the circuits covered under
‘“Typical Commercial Deflection Systems’’ of
Chapter 2 and in the samples of ‘“Typical Syn-
chronizing Systems’’ at the end of this section.

‘‘SORTING’”’ OF THE INDIVIDUAL HOR-
IZONTAL AND VERTICAL PULSES. In the
foregoing description of the various methods of
separating the synchronizing pulses from the
composite video signal, only the narrow hor-
izontal pulses were mentioned. The longer
vertical pulses are clipped from the signal in
the same separation process.

After these sync pulses have been re-
moved from the video signal, by any one of the
methods described, it is then necessary to
‘““sort’’ the vertical from the horizontal and
feed each pulse to its respective deflection
scanning systems. Since the horizontal and
vertical pulses are equal in amplitude or
height, the methods of separation which were
described for clipping them from the video
signal cannot be used to distinguish between
them. They do, however, differ in time dura-
tion and it is on this basis that the ‘‘sorting’’
is accomplished.

Several times, in the description of de-
flection systems, mention has been made of
‘‘differentiating’’ networks for the removal of
horizontal pulses and ‘‘integrating’’ networks
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for the vertical pulse acceptance. At this time,
we will consider the action of such systems in
greater detail.

HORIZONTAL PULSE SEPARATION.
The horizontal pulses of the transmitted sig-
nal are approximately five microseconds in
‘‘width’’ or duration as shown in Figure 65.
These pulses are impressed on a circuit of the
type shown in Figure 98, which is known as a
‘‘differentiating’’ R-C circuit.

The term ‘‘differentiation’’ is a math-
ematical expression used in calculus and
means simply the ‘‘breaking down’’ of a
quantity into a number of small parts. In this
case, the pulses of Figure 98A are ‘‘made
into’’ smaller parts as shown in Figure 98B by
the action of the circuit shown in 98C.

The circuit consists of a capacitance and
resistance combination in which the capaci-
tance is in series with the separated pulse
input, and the resistor is in ‘‘shunt’’ across the
output. The time constant of this circuit is
made short compared with the duration of a
horizontal sync pulse. The sync pulse is held
between 4 and 5 microseconds in time duration
and the time constant of the horizontal differ-
entiating circuit is made between 1 and 2
microseconds. As described on pages 37 and
38 and illustrated in Figure 49, for a C-R cir-
cuit in which the time constant is short com-
pared with the duration of the applied square
wave pulse, the capacitor is completely dis-
charged. A sharp ‘“pip”’ of voltage occurs
across the resistor at both the leading and

trailing edges of the applied square wave pulse.

The amplitude of the ‘‘pip’’ is determin-
ed by the ‘‘steepness’’ of the edge of the square
wave and, for this reason, limits are placed
by the Federal Communication Commission on
the allowable slope of the leading and trailing
edges. These slopes must not occupy more
than 5 percent of the horizontal line scanning
interval of 63.5 microseconds.

The voltage ‘‘pip’’ due to the leading
edge of the horizontal synchronizing square
wave, is shown as a positive “‘pip’’ at (1) of
Figure 98 and the ‘‘pip’’ due to the trailing
edge of the horizontal pulse is shown as a neg-
ative voltage at (2) of Figure 98. The leading
edge pulses are the ones which are employed
for control of the horizontal scanningoscillator
and the negative pulses are rejected by cut-off
or saturation of one or more stages of the sync
system.

When the longer duration vertical
synchronizing pulses arrive, the action of the
differentiating circuit becomes that shown in
Figure 99. Here again, a positive ‘‘pip’’ occurs
at the leading edge of each vertical pulse and
a negative ‘‘pip’’ at the trailing edge. The
leading edge pulses continue to control the hor-
izontal oscillator during the time of vertical
retrace. In this instance, however, two pulses
occur during a horizontal line-scanning inter -
val. Only the first of these is used to control
the horizontal oscillator. The second cannot
cause lock-in since it happens at a time in the
sawtooth wave when the amplitude is insuffic -
ient to trip the oscillator.

The horizontal pulses can be separated
from the complex video signal by means other
than the C-R ‘‘differentiating’’ circuit just de-
scribed. Figure 100 shows two types of diff-
erentiating circuits which employ inductance,
and a third type which uses the properties of a
resonant circuit.

PULSE
VOLTAGE
i

F_ HORIZONTAL
LINE~63.5,.5

vVt
—

(A) VERTICAL SYNC PULSE WITH SERRATIONS

ouTPUT
HORIZONTAL

(B) OUTPUT OF HORIZONTAL DIFFERENTIATING CIRCUIT

Fig. 99. Action of Vertical Sync Signal on
Horizontal Differentiating Circuit
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The inductance of Figure 100A is con-
nected in series with the plate circuit of a tube
which has been biased to clip the sync pulses
from the video signal. The waveform of the
sync -pulse plate current consists of steep
slopes, which correspond to very rapid
changes of current. The voltage which appears
across the inductance is proportional to the
rate of change of the current through it. Thus,
at the leading and trailing edges of each plate
current pulse, a high voltage is produced
across the inductor of the same form as shown
for the C-R type of differentiator (Figure 98B).
If the pulses are of proper polarity and suffic-
ient amplitude, they may be applied directly
to the scanning generator by a capacitor con-
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nected to the plate end of the inductor. In case
the polarity is incorrect, phase reversal may
be accomplished by an amplifier stage or by
transformer action as shown in Figure 100B.
When a transformer is used, the secondary L2
has induced voltage pulses of opposite polarity
to those occurring across the primary L1.
The secondary can be connected directly to the
horizontal scanning generator grid circuit.

The circuit shown in Figure 100C oper-
ates quite differently from the two just de-
scribed. The resonant circuit consisting of L1
and C1 is tuned to approximately seven times
the horizontal line frequency of 15,750 cycles
(110 kilocycles). The separated sync-pulses
are impressed across the circuit and ‘‘shock
excite’’ it into oscillation at its resonant fre-
quency. The oscillation is quickly damped out
by the parallel resistor R1. Only the first half
cycle of voltage across the circuit is used for
control of the horizontal scanning oscillator.
This corresponds to a pulse duration of
approximately 5 microseconds. Several
advantages can be cited for this method of
horizontal sync discrimination:

1. It allows the design of an extremely
simple pulse separation and oscillator control
system. The circuit can be connected directly
in the plate return of the sync separator tube
and can be coupled directly to the scanning
oscillator because the function of pulse shap-
ing is performed by the resonant action.

2. It is relatively immune to excitation
by static or ignition noise because such pulses
would have to be of the proper time duration
(5 microseconds long) and of the proper repet-
ition rate (15,750 cycles) to produce the
“ringing’’ action. The probability of such
coincidence in random noise excitation is
slight. A typical example of the use of this
circuit in a commercial design will be found
at the end of the sync pulse separation section.

VERTICAL PULSE SEPARATION. In the
description of vertical scanning systems we
have mentioned ‘‘integrating’’ networks for
segregation of the long time vertical field
pulses from the ‘‘sharp’’ horizontal line pulses.
At this time we will consider the means of
‘“‘sorting’’ these vertical ‘field scanning”
pulses from the composite scanning pulses and
their use to control the timing of the vertical
oscillator.

The ‘‘integrating’’ action which is em-
ployed to ‘‘sort” the vertical pulses from
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the complex video signal is exactly opposite in
nature to the ‘‘differentiation’’ process used
for separation of the horizontal pulses. ‘‘Inte-
gration’’ is a mathematical term used in calcu-
lus and means the addition of a number of small
elements or parts to form a whole. Figure 101
shows the circuit employed to accomplish this
action, and it will be seen that it is exactly the
reverse of the ‘‘differentiation’’ circuit of Fig-
ure 98. In this case, the resistor is in series
with the input and the capacitor is connected
across the output. The time constant of the
combination is much longer than that employed
for ‘‘sorting’’ the horizontal pulses. This time
constant is made approximately equal to the
duration of a horizontal pulse and consequently
the charge accumulated by the capacitor, due to
a horizontal pulse, is small and will decay
rapidly. This action is shown in Figure 101B.
During the time shown as (1) the equalizing
pulses produce only a small voltage across
the capacitor. This voltage decays to zero
in the interval between pulses as shown at (2).
The much longer vertical synchronizing pulses
produce a greater charge in the capacitor
during period (3). This charge does not com-
pletely decay during the short serration inter-
val (4). Consequently, each of the vertical
pulses adds an element of charge to the capac-
itor and the voltage continues to build up for

the entire duration of the interval of vertical
pulses. The dotted line shown on Figure 101B
indicates the level at which this voltage be-
comes of sufficient amplitude to ‘‘trigger’’ the
vertical scanning oscillator. In most designs,
this point is made to occur after two or three of
the vertical pulses have charged the capacitor.

In commercial television receivers, the
vertical integrating network is seldom the two-
element type shown in Figure 101C, but is
usually a cascade network as shown in the
example of Figure 101D. The resultant time
constant of this network is smaller than that of
any of the individual branches (R1-Cl, R2-C2
or R3-C3). The value of the over-all time
constant can be calculated in the same manner
as used for the determination of the effect of
resistors in parallel. For the three branch
circuit of Figure 101D, using T1 for the time
constant R1xCl, T2 for R2xC2 and T3 for
R3xC3, the effective circuit time constant (T)

ill b 11 1 + 1

Wil be 7 71t 12" T3
individual time constants for a three branch
circuit such as that of Figure 101D, as found in
modern receivers are from 30 to 60 microsec-
onds. The effective over-all circuit time con-
stants will therefore be between 10 and 20
microseconds.

Typical values for the

The reasons for the use of cascaded in-
tegrating circuits are:

1. To prevent the erratic control of
vertical retrace by random noise or static
pulses. For such pulses to assume control of
the vertical oscillator they would have to be
comparable in duration and spacing to the ver-
tical sync pulses.

2. To smooth out the contour of the ris-
ing voltage wave, shown in the interval 3 to 5 of
Figure 101B, across the output capacitor. The
action is similar to that of the familiar resis-
tance-capacitance power supply filter system,
in which the ripple is reduced by successive
stages.

As a result of this smoothing action, an
individual horizontal pulse cannot assume
control a1 the instant of retrace and cause
‘‘pairing’’ of lines.

The sections of this cascade network are
not usually made with equal time constants.
This unbalance assists in rendering the system
immune from accidental triggering by noise
pulses.

97



CATHODE-RAY - - BEAM MODULATION AND SYNCHRONIZATION

A. ACTIVE DOWNWARD FIELDS @ B. INACTIVE UPWAR%DS (VERTICAL RETRACE) :
FIELD NO.! HEAVY LINES FIELD | RETRACE - HEAVY
FIELD NO.2 LIGHT LINES FIELD 2 RETRACE - LIGHT
HORIZONTAL RETRACE (BLANKED OUT)- DOTTED LINES

HORIZONTAL EQUALIZING | VERTICAL |EQUALIZING| HORIZONTAL @
PULSES PULSES PULSES PULSES
VERTICAL SYNC. SIGNAL - END OF FIELD NO. |
(IF NO EQUALIZING PULSES ARE PRESENT)
LAST FUuLL

LINE OF FIELD !
C. VERTICAL SYNC. SIGNAL FOR RETRACE OF

FIELD 1 (FIGURE 102A)
®

VERTICAL SYNC. SIGNAL - END OF FIELD NO. 2
EQUALIZING VERTICAL
PULSES PULSES

(IF NO EQUALIZING PULSES ARE PRESENT)
HORIZONTAL

EQUALIZING| HORIZONTAL
PULSES

PULSES PULSES

LAST FuLL,
LINE OF FIELD 2

D. VERTICAL SYNC. SIGNAL FOR RETRACE OF

VERTICAL SYNC. SIGNAL-EITHER FIELD
FIELD 2 (FIGURE 102A) (WITH EQUALIZING PULSES)

@ 2 =

P
WITH INPUT d
VOLTAGE P
ACROSS J -
INTEGRATOR ~ TSR 1
CAPACITOR WITH INPUT (2 VERTICAL
SYNC. CONTROL
Fa e ~WITH INPUT (3) LEVEL

TIME
INTEGRATION CIRCUIT OUTPUT

E. ACTION OF VERTICAL INTEGRATING CIRCUIT
FOR SUCCESSIVE FIELDS

(WITH & WITHOUT EQUALIZING PULSES)
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The Function of Vertical Equalizing
Pulses. On page 24, we discussed briefly the
subject of interlaced scanning which is employ-
ed to prevent ‘‘flicker’’ of the image. For
simplicity, the retrace which occurs from
bottom to top of the picture was shown at that
time as a straight line or single ‘‘jump’.
Actually, it is necessary to keep the horizontal
oscillator running in exact step or synchron-
ism with the transmitter during the vertical
retrace period which lasts from 1250 to 1400
microseconds (20 to 22 horizontal lines). Fig-
ure 102A shows a simplified version of the
active downward scanning of the picture in
which nine and one-half lines have beén drawn
to represent a field. Actually a field consists
of two hundred sixty-two and one-half lines
less the number of lines lost during the retrace
period. The first field which starts at the upper
left hand corner (Point 1) and ends at the cen-
ter bottom of the picture (Point 3) has been
shown by heavy lines. The second or interlaced
field, starts at the top center (Point 4) and ends
at the lower right hand corner (Point 5) and is
shown by light lines. During the vertical re-
trace period, when the picture tube is blanked
out, the beam moves upward under the combin-
ed action of both the vertical and the horizontal
deflection systems. This is represented in
simplified form by the diagram of Figure 102B.
In this case, five and one-half lines have been
used torepresent the twenty to twenty-two lines
actually required during the vertical retrace
period. The same convention has been employ-
ed, namely, a heavy dotted line for the retrace
of field No. 1 and a light dotted line for the
retrace of field No. 2.

The dual functions, of producing vertical
retrace at the proper instant and of keeping the
horizontal oscillator in synchronism, are con-
trolled by the action of the groups of equalizing
and vertical pulses shown in Figures 102C and
102D. It will be seen that the vertical sync
signal for the retrace of field No. 1 differs
from that of field No. 2 by the spacing between
the last horizontal pulse and the first equaliz-
ing pulse. In Figure 102C, for field No. 1, this
space (a) consists of only one-half of a hor-
izontal line since field No. 1 ends at the middle
of the last line as shown at Point 3 of Figure
102A. In the case of Figure 102D, for field No.
2, the space (b) between the last horizontal
pulse and the first equalizing pulse consists of
an entire horizontal line as shown at Point 5 of
Figure 102A. Vertical blanking starts at the
leading edge of the equalizing pulses and thus

the successive field blanking time is accurately
set up by the signal.

Even though blanking for the retrace per-
iod is accurately established, vertical retrace
itself may not take place at the proper instant
unless the critical charge on the integrating
capacitor occurs at exactly the same point for
each successive vertical sync signal. The
manner in which the equalizing pulses assure
this condition is shown in Figure 102E. At (1)
is shown the composition of a vertical sync
signal which would follow field No. 1 if the
equalizing pulses were not present. This sig-
nal input to the integrating circuit would charge
the capacitor as shown by the dotted line lab-
eled (1) in curve (4). This curve crosses the
sync control level at time (X). The set of con-
ditions which would occur for the type of ver-
tical signal, without equalizing pulses, for
retrace at the end of field No. 2 is shown at (2)
in Figure 102E. In this case, the critical sync
control level is reached at point (Y) which is
sufficiently later than point (X) so that proper
interlace would not occur. When equalizing
pulses are employed as shown at (3), the crit-
ical ““firing’’ point for the vertical oscillator is
seen to coincide with the condition shown at
(2). Successive fields preceded by equalizing
pulses will therefore produce accurate control
of the oscillator and assure proper interlace.

ACTION OF THE HORIZONTAL
DIFFERENTIATING CIRCUIT DURING THE
VERTICAL PULSE PERIOD. The formation of
positive and negative ‘“pips’’ respectively at
the leading and trailing edges of the vertical
sync pulses was described briefly on page 95.
We will now consider, in somewhat greater
detail, the action of the horizontal differentiat-
ing circuit during the entire vertical pulse

A, VERTICAL PULSE GROUP FOLLOWING FIELD 2.
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Fig. 103. Action of Horizontal Differentiation
Circuits During Vertical Pulse Period
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period. Figure 103A shows the configuration
of the vertical signal which follows field No. 2.

The horizontal pulse which starts retrace
of the bottom line of the picture is shown at (1)
in Figure 103A and the positive output ‘‘pip’’
produced by its leading edge is shown at (a) in
Figure 103B. The ‘“pip’’ produced by the
trailing edge of this same horizontal pulse, as
well as those produced by the trailing edges of
all of the other pulses of the period (labeled c),
are rejected by the sync system as previously
explained.

Each of the equalizing pulses (2, 3) which
precede and follow the vertical pulse group
also give rise to a pair of positive and negative
pips as shown. Only the pips marked (a) are
used for oscillator control. Those labeled (b)
are rejected since they occur at a time in the
scanning cycle at which the horizontal oscilla-
tor is not sensitive to pulse control (see Figure
68 and page 55).

Each of the pulses of the vertical group
(4, 5) also produces a pair of positive and
negative pips. In this case, only the positive
pips (‘‘a’’ of Figure 103B) are utilized.

The horizontal pulse shown as (6) is one
of a group occurring during the blanking period.
(See page 53.) The pips produced by it are
identical to those produced by the horizontal
pulse (1) of Figure 103.

It is evident that the vertical pulse group
is able, by the action of the individual pulses
and by the differences in length of these pulses,
to perform the dual functions of assuring verti-
cal retrace at the correct instant and of keep-
ing the horizontal oscillator under control (in
step with the scanning in the camera tube at
the transmitter).

Vertical Pulse Separation by Use of the

method of ‘‘sorting’’ the vertical sync pulse
from the composite video signal, which depends
only indirectly on R-C circuit principles, is
illustrated in Figure 104. This type of vertical
sync separation is not dependent, for accurate
retrace and proper interlace, upon the exist-
ence of equalizing pulses.
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The first ‘‘serration’ of the vertical
pulse group (X1 of Figure 104A) always occurs
at the same instant of time, i. e.: one-half of
a horizontal line after the beginning of the first
vertical pulse. This first ‘‘serration’ is sep-
arated from the ‘‘mixture’’ and used for control
of the vertical scanning oscillator. In order to
accomplish this result, it must be changed from
a ‘“‘negative going’’ pulse to a ‘‘positive going’’
pulse. This is done by passing the separated
pulse group through an amplifier stage which
inverts the phase or polarity (see Figure 104B).

The inverted signal is fed to Grid No. 1
of a pentagrid converter tube (6SAT), see Fig-
ure 104E, through a differentiating network
(C1-R1). This circuit has a time constant of
approximately one-half of the horizontal line
scanning time or about 30 microseconds. This
grid is biased negatively to such a value that
the differentiated pulses, due to the equalizing
pulse period, are not of sufficient amplitude
to cause any flow of plate current (see Figure
104C).



CATHODE-RAY - - BEAM MODULATION AND SYNCHRONIZATION

When the inverted pulse arrives, due to
the first serration of the vertical signal,
(Point X3 of Figure 104C) it has developed
sufficient voltage, across R1, to cause the grid
to pass its cut-off bias and start a pulse of
plate current.

Screen Grids Nos. 2 and 4 are connected
together and are held at a low voltage by the
high resistance divider network (R2, R3).
Bypass capacitor C2 is of relatively small
value and as Grid No. 1 is driven positive by
pulse X3 the screen voltage drops rapidly.

The third grid, normally the input when
the tube is acting as a converter, is coupled to
the screens through capacitor C3. This grid
will undergo the same voltage drop as the
screens and will cut off the plate current as
the screen voltage goes negative. Grid No. 3
is held beyond cut-off until the charge on cap-
acitor C3 has ‘‘leaked’’ off through resistor
R4. The time constant of C3-R4 is made suff-
iciently long to allow the rest of the vertical
pulse group to pass before Grid No. 3 can
regain control.

As the result of this action, only the first
pulse which passes the cut-off bias of Grid No.
1 (Point X3) will cause any plate current. This
plate current occurs as a single sharp ‘“‘pip”’
pulse is coupled to the vertical scanning
oscillator through capacitor C4.

SYNCHRONIZING SYSTEMS (METHODS OF
UTILIZING THE SEPARATED SYNC PULSES):
There are three general types of synchronizing
systems in use in modern television receivers.
They are classified as follows:

1. ““Triggered’’ sync. This system de-
pends upon the use of individual sync pulses to
control the scanning of each horizontal line and
the vertical retrace of each field. The ele-
ments of this type of system have been covered
in the preceding text and the circuit illustra-
tions of pages 74 and 84.

2. ‘““Flywheel’’ or A. F.C.sync. The
A. F. C. system, which was described briefly
on pages 75-76 and illustrated in Figure 83,
depends upon the average of the synchronizing
pulses and their rate of repetition rather than

the individual pulses. A fully detailed descrip-
tion of the circuit operation will be presented
in this chapter.

3. ‘‘Pulse width’’ controlled sync. In
this method, the sync pulse is compared in
timing with the output of the scanning oscillator
and produces a narrow, augmented pulse for
control of the instant of retrace. Its action has
been covered on pages 83-84 and illustrated by
Figure 90.

FLYWHEEL OR A.F.C. SYNC CONTROL.
Figure 105 shows a typical circuit adaptation
of the automatic frequency control of horizontal
scanning by the sync pulses. More properly, it
should be called ‘‘automatic phase control’’
since its action ‘‘locks’’ the phase, as well as
the frequency, of the horizontal oscillator.

The operation of the circuit is as follows:

1. A very stable oscillator, tube T4 and
its associated circuits, generates a sine wave
of 15,750 cycles per second. This oscillator
circuit is of the ‘‘hot cathode’’ Hartley type and
its frequency determining components are in-
ductance L3 and capacitance C2. The free run-
ning frequency is adjusted by the powdered iron
core of inductor L3 with the hold control (R7)
in mid-position.

2. A tapped coil circuit, L1-L2, is
tightly coupled to L3 and tuned slightly ‘‘off
resonance’’. The voltage across these coils is
applied to a ‘‘discriminator’’ circuit similar
to the type used for frequency modulation de-
tection. The voltages, from the horizontal
oscillator, which are applied to the plates of
the discriminator tubes (T1 and T2) are equal
in amplitude and opposite in phase (1800 out of
phase with each other). See Figure 106, (1)
and (2). .

3. The ‘“‘clipped’”’” and amplified sync
pulses are applied to the discriminator across
resistor R3 and appear ‘‘in phase’’ and of the
same amplitude at each diode of the discrim-
inator as shown in Figure 106.

4. Three conditions of the system in
which the relation of the oscillator frequency
to the sync pulse repetition rate is slow,
correct, and fast are shown in Figures 106A,
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106B, and 106C respectively. It will be noted
that the diode load resistors R1 and R2 are so
connected that the voltage from ground to point
X is the difference between the rectified output
of the diode, tubes T1 and T2. Arrows show
the direction of electron flow due to the plate
current of these tubes.

5. If tube T1 alone is conducting, point
X will be positive with respect to ground and if
tube T2 is conducting, with no current flow
through tube T1, point X will be negative with
respect to ground. In the absence of sync
pulses, equal and opposite voltages appear
across the diodes, tubes T1 and T2, and the
total rectified voltage appearing between point
X and ground is zero, over the cycle.

6. The condition of stable operation
occurs with the sync pulses riding at zero
phase, or on the axis of the wave as shown at
(B) of Figure 106. In this case, the rectified
output of the upper diode, tube T1, would pro-
duce a voltage across R1, as shown in Figure
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106B (3). The lower diode, tube T2, would pro-
duce the voltage wave shown in Figure 106B (4).
These voltages oppose each other due to the
method of connection of the diodes to the series
load resistors, R1 and R2. The net charge on
the filter network, C3, R4, and C4; is zero, as
showr in Figure 106B (5).

7. If the horizontal scanning oscillator is
running faster than the repetition rate of the
sync pulses (see Figure 106A), the upper diode
output voltage will exceed that of the lower
diode as shown at 106A (3). After smoothing
through the filter network, a positive voltage
will appear at the grid of reactance control
tube (T3).

8. In a similar manner, if the oscillator
is running slower than the repetition rate of the
sync pulses, the set of conditions shown in
Figure 106C will apply. In this case, a negative
control voltage will appear at the grid of tube
T3.
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Fig. 106. Discriminator Action in Horizontal AFC Sync Control Circuit of Figure 105

9. The 6ACT reactance control tube is
connected across the oscillator ‘‘tank’’ induc-
tance L3. The manner in which this tube can
control the instantaneous frequency of the os-
cillator is as follows:

a. The plate current versus plate voltage
curves of a high gain, sharp-cut-off
pentode, such as the 6AC7, exhibit a
long range of plate voltage over which
there is substantially no change of
plate current. This region is shown
in Figure 107B. The plate current is c.
under the control of the grid voltage
as indicated by the individual curves
of the plate current-plate voltage
family.

b. Referring to Figure 107A, we find
that the plate is connected to the high
side of the oscillator tuned circuit d.

through capacitor C2. The alternating
voltage from the oscillator, appearing
across the tube, is swinging over the
flat portion of the curve and therefore
no change of plate current occurs. If,
on the other hand, an alternating volt-
age is applied between grid and cath-
ode the plate current will be changed
in amplitude, and this change will be
in phase with the alternating grid
voltage.

If the alternating voltages applied to
the grid and plate are made 90° out
of phase, the plate current will then
have an alternating component which
is 909 out of phase with the plate volt-
age, i. e. in phase with the grid
voltage.

Any circuit in which the current flow-
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ing is not in phase with the applied
voltage is reactive. The circuit then
appears to be capacitive or inductive.
Thus, tube T1 of Figure 107A can be
made to appear as a reactance
connected across the oscillator in-
ductance L1.

The phase shift of applied alternating
grid voltage, with respect to the alter-
nating plate voltage, is provided by
the network C1-R1l. The voltage
across Rl is leading the voltage
across the tank circuit by almost 90°,
Since the reactance of the coupling
capacitor C2 is low, the voltage
applied between cathode and grid is
approximately 900 out of phase with
that applied between plate and ground.

The control gridis returned to ground,
or to the end of R1 opposite the cath-
ode, through capacitor C3. The
reactance of C3 is very low at the
oscillator frequency of 15,750 cycles.
The DC return path of the control grid
is through the oautput load resistors
of the discriminator stage (R1 and R2

of Figure 105). Since the alternating
grid voltage is applied between cath-
ode and the grounded grid, rather than
between grid and ground, the plate
differs by 180° from the phase it
would have if the cathode had been .
grounded and the grid voltage made
variable. In this case, the plate
current will lag the plate voltage and
the tube will appear as an inductance
to the tuned circuit.

g. The bias voltage on the grid of the
reactance tube controls the value of
its transconductance (ratio of change
in plate current to the change in grid
voltage which caused it). The alter-
nating plate current amplitude can
thus be changed by varying the bias
on the control grid. A low or positive
bias will result in an increase in the
AC plate current while a more neg-
ative bias will reduce the value of AC
plate current. Since the AC plate
voltage is fixed by the output of the
oscillator, a bias change will change
the ratio of voltage to current and
thus, the apparent value of inductance
across the oscillator circuit.

10. If the frequency of the horizontal
oscillator should shift with respect to the sync
pulse rate, due to variation of supply voltage
or other cause, a change of the DC output of
the discriminator would occur. This changes
the transconductance of the control tube, shift-
ing the instantaneous oscillator frequency to
restore the equilibrium condition of Figure
106B.

The network of resistors and capacitors,
(R4, C3 or C3A, C4 and R8), which connect the
output of the discriminator to the grid of the
control tube T3 (Figure 105) requires explana-
tion. The purpose of resistor R4 is to provide
a DC return path for the grid of the control
tube (T3). Resistor R8 acts as a parasitic
suppressor to prevent any possible ultra-high
frequency oscillation which might occur in the
high mutual conductance type 6AC7 control tube.

Capacitor C3 and capacitor C4 constitute
a voltage divider and a filter. The “‘ripple’’ on
the rectified output of the discriminator diodes
is smoothed to furnish a DC voltage to the con-

. trol tube. Since the reactance of the smaller

capacitor C3 (.004 mfd) is on the top side of
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the divider, and the larger capacitor C4
(.05 mfd) on the bottom, extremely rapid volt-
age changes are prevented from affecting the
grid voltage of the control tube. Rapid changes
can be caused by bursts of noise or by the ser-
rations of the vertical sync signal. These
changes are rejected by the action of this volt-
age divider.

The ratio of the voltage divider consist-
ing of C3 and C4 can be changed by ‘‘switch-
ing’’ capacitor C3A (.01 mfd) in parallel with
C3. This link connection for the addition of
C3A is provided to take care of a condition ex-
isting in some television transmitters. If any
‘““phase’’ modulation of the exact position of the
horizontal sync pulse occurs, it is necessary
for the A. F. C. control tube to follow this
modulation and a ‘‘faster’’ response circuit is
required. This is provided by increasing the
capacitance of C3 by the addition of C3A. The
effect of the phase modulation of the horizontal
pulses, if suppressed by the original capaci-
tance ratio, would be to produce a horizontal
displacement of part of the picture with respect
to the raster.

The use of the higher capacitance, C3A,
will result in some sacrifice of ‘‘immunity’’ of
the system from horizontal ‘‘tearing’’ by
noise. Transmitting technique is constantly
improving and the service technician should
re-check any installation in which it was orig-
inally necessary to employ the higher capaci-
tance to determine whether the advantages of a
“fast’’ circuit with its attendant noise immunity
can be tolerated.

The A.F.C. type of sync system has been
covered in detail because its use is becoming
increasingly popular in television receiver de-
sign. The reasons for its popularity are: (1)
its relative immunity from triggering by noise,
(2) it can take advantage of the entire horizontal
pulse time for the discriminator control, and
(3) it allows the horizontal trace return time to
be slower than could be tolerated with ‘‘trig-
gered’”’ sync operation. The reason for its
immunity to the effects of static, man-made
interference, and receiver input-circuit noise
lies in the fact that the frequency distribution
of such noise energy is approximately the same
both above and below the sine wave oscillator
frequency. Thus, the average DC contribution
of the two discriminator diodes due to the noise
tends to be equal and cancel at point ‘“x’’ of
Figure 105.

TYPICAL COMMERCIAL SYNC SYS -
TEMS. The circuits described and illustrated
on pages 73 to 84 covered the sync-controlled
scanning system from the point of separation
of the pulses to the deflection of the electron
beam in the picture tube. Means of separating
the sync pulses from the complex video signal
have been covered on pages 85 through 98. It
has been shown that sync pulse separation can
be accomplished at several places in the cir-
cuit between the video detector tube and the
picture tube.

To illustrate the many points in the tel-
evision receiver system at which the sync
synchronizing pulses may be ‘separated from
the signal, a composite circuit is presented in
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Figure 108. It should be understood that this
circuit does not represent an actual or prac-
tical television system since extra tubes have
been added to present the possible points of
sync separation. Four possible positions of
sync separation are shown at ‘‘A’’, ¢‘B’’, «“C”’,
and ‘‘D’’. The choice of any one of these points
by the receiver designer is governed by the
required polarity of the pulses and by the
amount of signal energy required by the re-
mainder of the sync system.

When a diode such as tube T3 is coupled
directly to the output of the video I-F amplifier,
illustrated by sync separator No. 1 of Figure
108, the pulses obtained across the cathode re-
sistor R3 are positive with respect to ground.
If sync separation is taken at this point, it is
usually necessary to employ additional ampli-
fication to obtain a pulse of sufficient amplitude
to control the horizontal and vertical scanning
oscillators. Sync separation at the video I-F
output has the advantage of being independent
from the setting of the video gain or ‘‘contrast
control’’ R1. When separation is done at this
point the last I-F transformer secondary, L-2,
is usually phased so that the negative half of
the video carrier on the last IF amplifier grid
is rectified and employed for sync control.

RI VIOEO OUTPUT HORIZ. OSCILLATOR
88K ,SYNC. SEPARATOR

R3
/ L DC RESTORER

125N7GT \

This is done to take advantage of the fact that
strong noise impulses will be ‘‘clipped’’, to
some extent, since they are more negative than
the sync pulses and will drive the last IF am-
plifier tube beyond plate cut-off, thus causing
it to become a ‘‘limiter’’. The action of tube
T3 at this point has been covered on pages
88-89 and illustrated in Figure 93.

Sync signal separation at point ‘‘B”’
occurs after rectification of the video carrier
and since the rectified video has passed through
the amplifier tube T4, the polarity of the signal
will be negative as shown by the wave form at
point ‘B’ of Figure 108. A signal taken at
this point is usually passed through an inverter
stage to reverse its polarity and then applied to
a sync separator (the triode type covered by
Figure 95A or the pentode type of Figure 96).

Separation of the pulse by tubes T5or T6,
as shown at ‘‘C’’ and “‘D”’, occur at high level
and require very little, if any, additional am-
plification. When the method represented by
tube T5 is used, the tube fulfills only the func-
tion of sync separation. The pulse at “C' is
negative with respect to ground and can be used
for the direct control of cathode-coupled mul -
tivibrators after differentiation or integration.
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When diode tube T6 is employed, it
serves the dual function of sync separation and
DC restoration. Restoration of the direct
current component of the signal is required
since the use of capacitance-coupled video
amplifiers causes the loss of DC component
present in the video signal. The necessity for
restoration of the DC component, which is re-
sponsible for the average background lighting
of the scene, will be covered when we consider
the video signal in greater detail.

It should be noted that any particular
television receiver circuit will employ only one
of the sync separation tubes shown, and that the
circuit of Figure 108 would reduce to four tubes
rather than the six tubes shown. One exception
to this reduction exists when the horizontal
pulses are taken off by one separator, such as
tube T3, and the vertical pulses at a later tube,
such as T5 or T6.

Figure 109 shows an unusual sync separ -
ation system in which a single type 12SN7 tube
is employed for the functions of video output,
DC restoration and sync separation. In this
case, the second section of tube T1 acts as a
‘‘kangaroo’’ cathode follower. The plate load
of this tube, resistor R1, develops the sync
pulses. The long time constant circuit com-
prised of R2 and C2 develop the direct current
bias required for restoration of the background
lighting level. Separation of the vertical sync,
pulses is accomplished by coupling the vertical
oscillator tube T2 directly to the plate of tube
T1 through the integrating network consisting
of C3, R5, C4, R6, and C5.

Horizontal pulse differentiation is
accomplished by the use of a tuned circuit
comprised of inductor L1 and its associated
circuit capacitances. This circuit is resonant
at a frequency of approximately 110 kilocycles
and is allowed to oscillate for one half-cycle or
5 microseconds. This use of resonance was
covered in the text of page 96 and illustrated in
Figure 100. Since this first half-cycle pulse
controls a cathode-coupled multivibrator, it
must be a “‘negative-going’’ pulse as discussed
under the description of pulse control, pages
54-56. The input section of tube T3 has a net
bias determined by its cathode resistor R7 and
the divider from the plate circuit of tube T1.
This plate circuit network consists of R1, R3
and the parallel resistance of L1 and R4.
Resistor R4 ‘“damps’ the shock-excited
oscillation of the tuned circuit, caused by the
horizontal sync pulses. This damping prevents

the continuance of oscillation beyond the first
half -cycle, which is required for the control of
the horizontal scanning oscillator tube T3.

SUMMARY OF SYNCHRONIZATION METHODS
AND SYSTEMS: As explained in the introduc-
tion to this course, the major difference be-
tween television receivers and other types of
radio equipment, is the group of circuits which
are peculiar to the formation of a cathode-ray
produced image, and its control by scanning
systems at the transmitter and receiver. The
horizontal and vertical scanning systems, the
use of pulses as part of the television carrier
for control of scanning, and the methods of
segregating or separating these pulses have
been covered in considerable detail up to this
point. Experience with television receivers,
which have been in service for the past several
years in metropolitan areas, discloses the
interesting fact that the majority of service
failures have occurred in the scanning and
synchronization circuits of these sets. In many
cases, the trouble has been readily traced to
vacuum tube failures, especially in multivibra-
tor and blocking oscillator circuits. Ageing of
components of these oscillator circuits has
quite often been responsible for a drift of fre-
quency. This is usually serious enough to
cause failure of the receiver scanning to
“lock-in’’ with the transmitted signal. The
service technician is urged to study these por-
tions of the television system thoroughly, since
the proper installation of new receivers and the
maintenance of those in service, will, in the
majority of cases, require adjustment or re-
pair of scanning and synchronization circuits.

BRIGHTNESS CONTROL: Our previous study
of the television receiver system has concern-
ed itself with the motion of the electron beam
in the picture tube to accomplish scanning of
the picture area. It was shown in Chapter 1,
pages 4 through 7, that the intensity of illum-
ination of the cathode-ray screen surface could
be controlled by a grid cylinder in the picture
tube ‘‘gun’’ structure. We have indicated at
several points in the text that the variation of
video or picture signal on this control grid is
responsible for the instantaneous changes of
spot illumination which make up the elements
of the picture. The signal voltage on this con-
trol element is negative in nature so thata
swing in the negative direction produces a
darker spot. Finally, at some critical negative
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voltage, the spot of light is entirely extinguish-
ed.

Figure 110 shows the relation of the
control grid voltage to the brightness of the
picture spot for a typical ten inch picture tube
(Type 10BP4). In this particular tube, with
normal voltages on other elements, the spot is
extinguished (picture tube black) for all grid
voltages below a value of positive five volts. A
swing to a positive 35 volts on the control grid,
with respect to the cathode, produces the
brightest spot or ‘‘highlight’’ of the picture.

One of the essential controls of the tel-
evision receiver is an adjustment of the bias
on the grid to assure that the blanking level or
pedestal of the signal occurs at the ‘‘black’’
point which, in the case of this particular tube,
would be 5 volts. Figure 110B shows a bias
system in which the voltage, E, established by
the adjustment of potentiometer R1 biases con-
trol grid G1 with respect to cathode and deter-
mines the correct picture brightness. In this
case, the polarity of the video signal is such
that the plate of the video output tube is con-
nected to the control grid. It is possible to
operate the picture tube with the control grid
connected to the low side of the video output
stage and the cathode coupled to the high or
plate side, as shown in Figure 110C.

In either case, the ‘‘brightness’’ control
is a voltage adjustment of the bias between the
control grid and cathode, which establishes the
correct blanking or black level.

As the ‘‘brightness’’ control is adjusted,
with no picture signal present, a point will be
reached at which the vertical retrace lines,
caused by the motion of the spot from bottom
to top of the pictur®, will become visible. The
control should be adjusted in a counter clock-
wise direction until these lines just disappear.
The ‘‘brightness’’ control, as well as the
‘‘contrast’’ control, are normally made ‘‘front
panel’’ or customer operated, to allow adjust-
ment of picture quality to accommodate the
existing conditions of room illumination.
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CHAPTER 10. TELEVISION RECEIVER CONTROLS - APPLICATION AND ADJUSTMENT

TRANSMITTER TEST PATTERNS
FOR RECEIVER ADJUSTMENT

For'a period of from fifteen to thirty
minutes preceding each television broadcast,
the station transmits a test pattern or chart
which usually carries the station's call letters
or a distinguishing insignia. This same test
pattern is frequently broadcast for longer per -
iods of time when no regular television pro-
gram is scheduled. The purpose of the test
pattern is to provide the television service
technician with a useful ‘‘tool’’ to assure pro-
per adjustment of the various receiver controls
which effect a correct presentation of the
television picture. Another purpose of the test
pattern is to give the user an opportunity to
adjust the front panel controls for the best
picture before the regular program starts.
Such controls as horizontal and vertical hold,
horizontal and vertical centering, linearity in
both directions, and sharp focus can all be pre-
cisely adjusted by the use of the test pattern.
In this section we will present a review of the
use of those controls which have been dis-
cussed up to this point and show their effect
upon the appearance of a transmitted pattern.

Figure 111 shows the appearance of-a
typical transmitted test pattern as received
on a correctly-adjusted modern television re-
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Fig. 111. Normal Transmitted Test Pattern

ceiver. The various characteristics of the
pattern are similar in application to those of
a more complex test chart which has been de-
veloped as a standard by the television trans-
mitter committee of the Radio Manufacturers
Association engineering department. This R.
M. A. standard resolution chart is used in
testing the performance of both television
transmitters and receivers and a study of its
features will serve to explain the use of less
complicated television broadcast station test
patterns such as Figure 111.
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Fig. 112. R. M. A. Standard Transmitter Test Chart. (Courtesy R. M. A. Data Bureau)
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Figure 112 is a reproduction of the R.
M. A. television resolution chart, with the
addition of explanatory letter symbols for some
of its salient features. The chart will be seen
to consist of a series of geometric forms and
a number of tones ranging from black through
a series of gray steps to white. The gray
scales are of value in determining whether all
elements of the television system are preserv-
ing the correct ratios of light intensities (as
video modulation) to accurately reproduce the
televised scene at the receiver picture tube.

The ‘‘fan shaped’’ wedges in both hori-
zontal and vertical directions are composed of
lines whose width gradually decreases as the
lines approach the center. By observing the
point at which the lines are no longer dis-
tinguished from one another, an estimate of
the ‘‘resolving power’’ of the television system
including the receiver under test, can be de-
termined. The standard test chart shows by
numbers placed beside the horizontal and ver-
tical wedges, the corresponding numbers of
lines which are being reproduced when the
individual lines of the fan are just distinguish-

able from one another. It should be noted that
the vertical fans of the test picture are used to
determine the performance of the horizontal
system of the receiver and conversely the
horizontal fans of the test pattern are used to
determine vertical receiver performance.

Tests for vertical and horizontal linear -
ity, as well as other requirements, such as
interlace, are also provided by this chart and
are described in the captions accompanying the
chart. Their application in the simplified type
of pattern represented by the station trans-
mission of Figure 111 will be discussed in
greater detail, as we consider the effect on
the reproduced pattern caused by maladjust-
ment of controls or malfunctioning of the var-
ious circuits.

CONTROLS - THEIR USES AND ADJUSTMENT

In our study of the operation of the
circuits employed for the production of the
scanning raster, the control of this scanning by
signal pulses and the modulation and focusing

Order % of

of Name of Control Function of the Control Sets

Use Use
1 Station Selector, Channel Selector, T. V. Tuning . . . .............. To select the desired T. V. Station. 100
2 Volume, Volume Control, Sound Volume. . . .. ooovn ve sy e urenn... To adjust the sound volume. 100
3 Brightness, Brilliance, Background. . .. .........ovvveernnnn.. To adjust average light intensity. 95
4 Contrast, Picture, Picture Control . ... .........c00vuuununnn. To adjust video signal amplitude. 100
5 Fine Tuning, Sharp Tuning, Vernier. ... ........c.vuenennnn.. To tune accurately to sound channel. 85
6 Focus, Focusing Control . . . . oottt iin et in i nnnennnns To adjust C. R. tube spot definition . 55
7 Horizontal Hold, Horizontal Speed, Framing . . ... ............... To adjust free running period of the horizontal oscillator. 40
8 Tone, Tone Control. . ..o v vttt it it it ettt snnennennens To vary audio frequency response. 35
9 Vertical Hold, Vertical Speed. . . ... ........0eovvuuunnnnnnn. To adjust free running period of the vertical oscillator. 30
10 | High-Low BandSwitch . . . . v oo vvnnnnnni e iinnnnennnnnn.s To select input system for high or low channel group. 5

Fig. 113. “‘Operating’’ or ‘‘Front Panel’’ Controls

Order % of

of Name of Control Function of the Control Sets

Use Use
1 Width, Horizontal Size, Horizontal Amplitude, Picture Width Control. ... To adjust the picture size in the horizontal direction. 100
2 Height, Vertical Size, Vertical Amplitude, Picture Height Control. . . ... To adjust the picture size in the vertical direction. 100
3 Vertical Linearlty No. 1 . .. oo ittt iin it eennnennnnns To adjust the scanning wave shape in the vertical plane. 80
4 Horizontal Linearity No. 1. ... ... ... it unnnnnnn. To adjust the scanning wave shape in the horizontal plane, 75
5 Vertical Hold, Vertical Speed. . .. ..........c0virrrvunnnenn. To adjust free running period of the vertical oscillator. 70
6 Horizontal Centering, Horizontal PositionControl . .. ............. To adjust the picture position in the horizontal direction. 70
7 Vertical Centering, Vertical PositionControl . . ................. To adjust the picture position in the vertical direction. 70
8 Horizontal Hold, Horizontal Speed, Framing...........000ivennn. To adjust free running period of the horizontal oscillator. 60
9 Focus. Focusing Control . . . . . ottt inn it ieennnnnnn. To adjust C. R. tube spot definition. 45
10 Horizontal Oscillator Frequency Adjustment, Horizontal Lock . .. ..... To adjust frequency of sine-wave oscillator (A. F.C. control). | 45
11 Horizontal Drive, Horfzontal Peaking. . . ... .............0000... To adjust amplitude of peak portion of horiz. scanning wave 30
12 | Horizontal and Vertical Centering by Adjustment of Focus Coil Posltion . To center scanning raster in both planes. 30
13 Focus Coil Adjustment . . . ............ .ttt utnnnrnnnnnnn To adjust spot size by focus coll position. 30
14 Horizontal Linearity No. 2. . . . ... vttt ittt i it e e Same as item 4 (secondary adjustment). 25
15 Horizontal Oscillator Phase Adjustment. . . .. .................. To adjust phase of horiz. oscillator to pulse rate (A.F.C. disc.)| 20
16 Picture Cut-Off or C. R. T. Bias Adjustment. . . . ................ To adjust '‘black’’ level of picture tube (grid 2 voltage). 10
17 | Horizontal Linearity No. 3. ... ... .0 vt virtnennnnnennnnnn. Same as items 4 and 14 (tertiary adjustment). 5
18 Vertical Linearity No. 2 . ... .o i ittt inn i ee e emnenennns Same as item 3 (secondary adjustment). 5
19 Ton Trap Adjustment, Beam Bender. .. .................00.... To adjust current through the lon trap magnet coils. 5
20 Service Control, Screen Voltage Horizontal Output Tube . . .......... To adjust output of horizontal amplifier (aux. width control). 5
21 | CoArse FOCUS . ..ttt eenieit e in s cnn e eennennns To set range of main focus control. 5
22 | Phase Detector Balance. . . . ... oov v et vnnnv it innrenranenn, To adjust balance of A. C. F. discriminator. 5
23 Excitation, Anode Voltage Control of Projection Tube. .. ........... To adjust operating point projection picture tube, 5
24 Brightness, Brilliance, Background. . . . ... ... ..ovvevunnnnn.... To adjust average light intensity. ]

Fig. 114. ‘‘Non-Operating’’ or Pre-Set Controls (Not on Front Panel)
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of the cathode-ray beam, we have covered the
action of a number of variable adjustments
known as controls. Controls can be generally
classified in two distinct groups:

1. ‘““Operating’’ or Front Panel Controls.
These controls which are located on the front
panel of the receiver are operated by the user.
They normally include the sound level volume
control with an associated switch to turn the
receiver on and off, a station selector to
allow the set to be tuned to the desired tele-
vision broadcasting station and a group of con-
trols to adjust the appearance of the picture.
The picture control group permits the user to
adjust the brilliance, contrast, clarity and
stability of the image.

2. ‘‘Non-Operating’’ or Pre-Set Service
Controls. The circuit controls which require
adjustment only during original installation or
at infrequent intervals are located in such a
position that they are not readily accessible
to the user. Most television manufacturers,
realizing that the proper adjustment of these
.‘‘service type’’ controls determines the sat-
isfactory operation of the receiver, insist that
these controls be accessible only to well qual -
ified, authorized television service technicians.
The number and complexity of these pre-set or
semi-fixed adjustments differ greatly between
the designs of individual manufacturers.

The Radio Manufacturers Association
through its engineering standards group are
attempting to standardize the names of controls
and their functions. Due, however, to the
accelerated pace of receiver production in its
initial stage and the enthusiasm of sales and
advertising departments, controls have been
called by a variety of names.

An analysis of the receivers of leading
manufacturers, including electrostatic deflec-
tion, electromagnetic deflection and projection
types, reveals the fact that as yet, no design
pattern has evolved to determine which con-
trols should be placed on the front panel or
relegated to a position within the receiver.

PLACEMENT OF ADJUSTABLE CONTROLS:
A representative group of television receivers
which from our analysis covers all of the de-
sign variations, has been studied to determine
the placement of controls. The results of this
study are presented in the form of twocharts
shown as Figures 113 and 114.

In these charts, the control function is
first described by the name which has been

suggested for radio industry standardization
and the other names following it are those
which are still in use in the service literature
of many companies.

In the chart of Figure 113, the operating
or front panel controls are classified in order
of frequency of use in modern receiver design.
It will be seen that all television sets employ
at least three of the front panel controls in
common with one another. These are: station
selector, volume, and contrast. In addition to
these three basic operating controls, others
are employed in the frequency shown in the
chart. The number of front panel controls
varies from a minimum of three to a maximum
of eight. Five percent of the receivers had
three front panel controls, ten percent had five,
forty percent used six, another forty percent
employed seven and the remaining five percent
had eight controls.

Figure 115 shows typical examples of
the layout of receivers employing from five to
eight front panel controls. The functions of
the various controls are ‘‘called-out’’ on the
pictures. It will be noted that concentric con-
trol knobs are employed in certain designs for
reasons of styling and simplicity of operation.

The functions of the station selector,
volume, and contrast controls are properly a
part of the study of RF and Video amplifiers
and will be covered later in the course. The
other controls listed in the chart of Figure 113
will be discussed in common with ihe ‘‘non-
operating’’ or pre-set controls analyses in
chart shown as Figure 114.

The controls to be adjusted by the ser-
vice technician and’ listed in Figure 114 are
much more varied in number and diversity
than the front panel group. In the receivers
analyzed, the range of usage of these types
varied from a minimum of five in a table mod-
el to a maximum of fifteen in a large projec-
tion receiver.

The pre-set controls are mounted on any
surface or plane of the chassis as determined
by the particular mechanical design. In gener-
al, the controls which will most likely require
occasional readjustment are located in such a
position that they will be accessible without
removing the chassis from the cabinet. In
some designs certain of these controls are
made available by knob or screw driver slot
through the back panel and do not require
back panel removal. Figure 116 shows a var-
iety of designs indicating the location of many
of the controls listed in the chart of Figure 114,
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Receiver example employing five
front panel controls. (Photo from a
sample receiver courtesy the Philco
Corporation.)

FTATION
ELECTOR

BRIGHTNESS

CONTRAST

VOLUME

ON-OF F- TONE
OTHER " SERVICE” CONTROLS BEHINO “DROP PANEL~

Receiver example employing six front
panel controls. (Photo from a sample
receiver courtesy Sears Roebuck &
Co.)

BRIGHTNES S
(BRILLIANCE) FOCUS
CONTRAST
STATION SELECTOR
(CHANNEL) FINE TUNING

(VERNIER)

Receiver example employing seven
front panel controls. (Photo from a
sample receiver courtesy R. C. A.)

STATION

CONTRAST SELECTOR
(OUTER RING) [ (INNER BAR)

VERTICAL HOLD
BRIGHTNESS D (OUTER RING)
HORIZONTAL HOL €
ON-OFF VOLUM

(INNER BAR) (INNER BAR)

FINE TUNING
(OUTER RING)

Receiver example employing eight
front panel controls. (Photo from a
sample receiver courtesy General El-
ectric Company.)

:ocus \
RING) ON-OFF g . .
VOLUME FINE TUNING \ BRIGHTNL S

(BAR) (RING) VERTICAL HOLD ™\ \ (s
(RING) N \
Fig. 115. Typical Examples of Oper- B (o' m e £ COTA SO

ating or Front Panel Controls
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An example of service controls
available without removal of the back
panel. (Photo from sample receiver
courtesy the Hallicrafters Co.)

1ON TRAP
ADJUSTMENT

NOTE
PHOTO WITH
BACK PANEL

REMOVED

HORIZONTAL
CENTERING

HEIGHT

WIDTH

VERTICAL™ HORIZONTAL focus

CENTERING LINEARITY

VERTICAL
LINEARITY

FOCUS

FOCUS COIL AND

VERTICAL
CENTERING CENTERING

VORTICA, SIDFON T Al
PR o Porsimon

HORIZONTAL WIDTH HEIGHT

YORE ADJUSTMEN® S

An example of service controls avail-
able at back of chassis. Back panel
removable for servicing picture tube.
(Photo from sample receiver courtesy
Emerson Radio and Phonograph Corp.)

An example of service controls at the
back of the chassis with top chassis
and tube controls available by remov-
ing protective screen. (Photo from
sample receiver courtesy R. C. A,
Mfg. Co.)

DEFLECTION YORE
ADJUSTMENT

ION TRAP ADJUSTMENT

FOCUS COIL.
ADJUSTMENT

VERTICAL
HOLD
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t WIDTH
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CENTERING AT > \UNEARITY 42
v A S ' INSIOE CHAS SIS}
HORIZONTAL { HORIZONTAL
CENTERING VERTICAL (=M
. / UNEARITY #1 HORIZONTAL
VERTICAL LINEARITY #14
LINEARIT Y402

HORIZONTAL FOCcus

CENTERING

VERTICAL
CENTERING

HORIZONTAL DRIVE X080 ot

VERTICAL HORIZONTAL  HEIGHT HORIZONTAL
LINEARITY OSCILLATOR DRIVE
FREQUENCY

NOTE HORIZONTAL LINEARITY ON TOP
OF CHASSIS (REMOVE BACK PANEL)

-g‘b_ Focus

An example of service controls avail -
able on top, back and side of chassis.
(Photo from sample courtesy the
Motorola Co.)

Fig. 116. Typical Examples of Non-
Operating or Pre-Set Controls
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The ¢ ontrols of a television receiver
may be classified into four main groups:

1. Those which adjust the operating con-
ditions of the cathode-ray picture tube.

a. Adjustment of ion trap position and

current to return the beam to screen.

b. Adjustment of the deflection yoke to
position scanning raster correctly.

¢. Focus to obtain sharp definition.

d. Adjustment of C-R tube operating
voltages to establish proper ‘‘black
level’”’ and highlight brightness.

e. Control of scene brightness.

2. Those which establish the correct
‘“‘lock in’’ or hold of the horizontal and vertical
scanning oscillators.

a. Horizontal hold which sets the free
running frequency of the horizontal
scanning oscillator.

b. Vertical hold which sets the free run-
ning frequency of the vertical scan-
ning oscillator.

c. Horizontal sine wave oscillator fre-
quency adjustment, in A.F.C. systems.

d. Horizontal discriminator phase
control to establish discriminator
balance.

3. Those which adjust the dimensions
and position of the picture.

a. Width control adjusts horizontal size.
b. Height control adjusts vertical size.
c. Horizontal centering which moves the
entire picture in the horizontal plane.
d. Vertical centering which moves the
entire picture in the vertical plane.

4. Those which determine the shape of
the scanning voltage waves to produce an un-
distorted picture.

a. Horizontal linearity controls the
shape of the horizontal scanning wave.

b. Horizontal drive determines the ratio
of pulse to linear sawtooth for the
voltage wave in magnetic deflection.

c. Vertical linearity controls the shape
of the voltage wave from the vertical
scanning oscillator.

The effect of misadiustment of these
controls will be shown in the order outlined.
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Fig. 117. Focus Coil and Ion Trap Misaligned

FOCUS COIL AND ION TRAP ADJUSTMENT:
Figure 117 shows the received test pattern
when the focus coil (see pages 14-15 and Fig-
ure 17) and the ion trap (pages 16-17 and Fig-
ures 20-21) are not in correct position on the
neck of the picture tube. The ion trap rear
magnet poles should be positioned so that they
are approximately over the little ‘‘flags’’ which
are attached to the ion trap cylinder.

The picture tube must be mounted in
such a position that these ion trap flags are in
a horizontal plane when looking down upon the
tube. When this has been done, and the tube
secured in position, the ion trap can be moved
slightly back and forth along the tube neck and
at the same time rotated slightly around the
tube, until the brightest raster is obtained on
the screen. The trap adjustment screws should
then be tightened sufficiently to hold the trap in
position but still allow further adjustment.

The focus control setting (see page 61
and Figure 73), the focus coil position, and the
ion trap magnet position are interdependent,
and in the original installation procedure an
adjustment of one may require readjustment of
the others. The shadowed corner, as well as
the poor vertical positioning shown in Figure
117, indicates that the electron beam is strik-
ing the neck of the tube. To correct this con-
dition the focus coil should be adjusted in its
mounting until the picture is properly centered.

If no raster can be obtained on the pic-
ture tube screen it is an indication of improper
mounting of the ion trap magnet assembly. An
inverted mounting from top to bottom or from
front to back can cause such a condition.
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Fig. 118. Deflection Yoke not Properly Ad-
justed. (Rotated)

DEFLECTION YOKE ADJUSTMENT: Figure
118 shows the effect on the test pattern of im-
proper mounting of the deflection yoke assem-
bly. The action of the deflection coils in
moving the electron beam was covered on
pages 15-16 and illustrated in Figures 18, 1¢
and 22.

If the lines of the raster are not hori-
zontal and squared with the edge of the picture
mask, it is an indication that the deflection
yoke, made up of both the horizontal and
the vertical deflection coils, is not correctly
positioned. To correct this condition the ad-
justment screws which hold the yoke should be
loosened, and the coil assembly rotated about
the axis of the tube until the raster is properly
lined up with respect to the edges of the pic-
ture mask. The yoke adjustment screws or
wing nuts should then be securely tightened.

The position of the deflection yoke along
the picture tube neck will affect the deflection
sensitivity (amount of scanning voltage for a
given deflection).

FOCUS CONTROL AND FOCUSING ADJUST-
MENTS: Figure 119 illustrates the appearance
of the received test pattern when the electron
beam is ‘‘out of focus’’. The image is not
sharply defined as in the normal picture of
Figure 111.

The theory of focusing the electron beam
in electrostatically controlled picture tubes
has been covered on pages 5 through 8 and the
circuit elements were illustrated in Figures 8
and 11. The variable control takes the form of
a carbon type of voltage divider.

Fig. 119. Focus Control Misadjusted

Electromagnetically focused picture
tubes require two separate service adjust-
ments. The first is the mechanical positioning
of the focus coil as covered under ‘‘Focus Coil
and Ion Trap Adjustments’’, and the second is
the variation of the current through the focus
coil by means of a variable resistor. The act-
ion of the focus coil has been covered on pages
14, 15 and 61. (Figures 17, 22 and 73.)

The best focus adjustment is made by
sliding the focus coil back and forth along the
neck of the picture tube while adjusting the
focus control and watching the test pattern for
the sharpest picture. In some designs two var-
iable controls (coarse and vernier) are used.

BRIGHTNESS CONTROL: As indicated in the
chart of Figure 113, the brightness control is
usually made one of the front panel group and
is a ‘“‘user’’ operated control. It is employed
in conjunction with the contrast control to ob-
tain the best possible picture quality. It is
possible to cut off the beam with this control,
in which case no picture is seen and the tube
remains dark. Conversely, too high a setting
of the contrast control will result in a light,
«twashed out’’ picture as shown in Figure 120.
In this case the shadows and lower key half
tones have disappeared and the vertical retrace
lines have become visible.

The circuit function of the brightness
control is to establish the operating control
grid bias of the picture tube. Two methods of
accomplishing this bias control have been de-
scribed on pages 107 and 108. Figures 110B
and 110C show the circuit arrangements
employed.
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Fig. 120. Brightness Control Misadjusted.
(Brightness too High)

HOLD ADJUSTMENTS: Hold adjustments, both
horizontal and vertical, enable the television
technician, or user, to adjust the free running
frequency of the tworeceiver scanning systems
so that a stable condition of synchronism or
lock-in with the transmitted sync pulses is
obtained.

In “flywheel’”’ or A. F. C. sync systems,
the hold control is of the same type, but it is
placed in the grid circuit of a sine wave oscil -
lator. Its function is to control the phase of
the oscillator with respect to the sync pulses.
(See pages 101 through 105.)

In the case of ‘““triggered’’ sync systems
(see page 101) these controls are variable re-
sistors in the scanning oscillator circuit. (See
pages 45 through 56 and the circuit diagrams
of pages 73 through 84.)

Fig. 121.
116

Horizontal Hold Control Misadjusted

Fig. 122. Horizontal Hold Control Misadjusted

HORIZONTAL HOLD ADJUSTMENT.
Figures 121 and 122 illustrate the effect on the
receiver test pattern of two degrees of mis-
adjustment of the horizontal hold control. The
actual appearance of the image cannot be re-
produced in a printed illustration since the
image is in continual motion until a stable
lock-in has occurred. When the hold control
is adjusted tosuch a position that the oscillator
is nearly in sync with the signal pulses, the
image will first appear as a series of diagonal
bars similar to those of Figure 124, which is
an illustration of horizontal oscillator fre-
quency misadjustment. As synchronism is
approached more closely, the image will
appear as in Figure 121 and then start to lock-
in as in Figure 122,

VERTICAL HOLD ADJUSTMENT. F ig-
ure 123 shows the effect of misadjustment of
the vertical hold control. The effects on the

Fig. 123. Vertical Hold Control Misadjusted
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picture are similar to those discussed for
‘‘Horizontal Hold’’ except that, in this case,
the motion of the image, before lock-in occurs,
is from the bottom to the top of the picture
rather than from left to right.

Careful adjustment of vertical hold is
essential to avoid ‘‘pairing’’ of horizontal lines
of alternate fields which would reduce the ver-
tical definition of the picture.

HORIZONTAL OSCILLATOR FREQUEN-
CY ADJUSTMENT (A. F. C.”SYSTEMS). In the
flywheel or A. F. C. system of horizontal sync
control, described on pages 101 through 108,
the major control of the free running frequency
of sine wave oscillation is seen to be the tuning
of the circuit by adjusting an iron core in the
inductance (see Figure 105). With reference to
this figure, it will be noted that the horizontal
hold (R7) and the discriminator phase control
(adjustment of primary L1-L2) also exert an
effect on the oscillator frequency. For this
reason,the adjustment of the horizontal oscil -
lator frequency must be re-checked if itis
found necessary to change the discriminator
phase control. The hold control should be set
at the middle of its range while making these
adjustments.

The service manuals of the television
receiver manufacturers contain explicit in-
structions concerning the order in which these
adjustments are to be made in the particular
A. F. C. circuit design.

The final setting of this control should be
such that, with the hold control at either end of
its range, the scanning system will lock-in to

Fig. 124. Horizontal Oscillator Frequency
Misadjusted. (A. F. C. System)

signal sync. To test for this condition, tune
to a signal while the control is in its mid-
position. The hold control is then turned to
its extreme position in either direction. Next
the signal is removed by detuning the receiver.
Upcen retuning the system should pull into sync.
The same check should then be made at the
other end of the control range. I the receiver
will not pull into sync at both ends of the hold
range, the horizontal oscillator frequency
should be readjusted until this is accomplished.

HORIZONTAL DISCRIMINATOR PHASE
ADJUSTMENT. As described on pages 101-
108, the discriminator stage compares the sync
pulse rate with the horizontal oscillator rate
or frequency and delivers a DC voltage for the
control of the oscillator. If the voltage at the
plates of the two diodes, impressed by the
oscillator, is equally divided, the DC output
will not be zero at the correct time for retrace
at the end of the horizontal line. This off-bal -
ance condition will result in the received test
pattern shown in Figure 125.

In this case, the picture is locked-in and
steady but retrace has occurred at the wrong
time in the scanning cycle. The black band at
the right side of the picture is the blanking
period during which horizontal retrace should
have occurred.

The adjustment of this control, for re-
trace at the proper instant, also affects the
setting of the horizontal oscillator frequency
adjustment as previously described. The
service technician should follow the service
manual of the receiver manufacturer for the
proper sequence of adjustment of these con-
trols.

Fig. 125. Horizontal Discriminator Phase
Misadjusted
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PICTURE SIZE AND CENTERING CON-
TROLS. The group of controls which are used
to fit the picture to the mask or frame are, in
most instances, mounted on the back or side
and are not“user” operated. Included in this
group are: width, height, horizontal centering,
and vertical centering.

Fig. 126. Width Control Misadjusted

WIDTH CONTROL. The width control
adjusts the voltage applied to the horizontal
deflection plates or the deflection coil. The
effect on the received test pattern, when this
control is not properly adjusted, is shown in
Figure 126.

Width control can be accomplished by
regulating the output of the horizontal oscilla-
tor, as described on pages 44 through 48, or by
controlling the output of either the discharge
tube or horizontal amplifier. (See the Figures
on pages 74 through 84.) :

In many instances the width control is
not a single adjustment,since the effect of
changing other controls, such as horizontal
linearity and horizontal drive, may require a
readjustment of the width control.

HEIGHT CONTROL. The height control
serves a similar function to that of the width
control but in the vertical direction. In this
case, the vertical oscillator or vertical ampli-
fier is controlled in output.

Figure 127 shows the effect of an in-
correct adjustment of the height control on the
received test pattern. In this case, as well as
that of the width control (Figure 126), the pic-
ture is shown as ‘‘too high’’, or ‘“‘too wide’’,
but symmetrical with respect to the center of
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Fig. 127. Height Control Misadjusted

the picture. Often the picture is found to be
both incorrect in size and ‘“off center’’. It
will be necessary to adjust the size controls
(width and height) simultaneously .with the hor-
izontal and vertical centering controls.

The methods and circuits employed to
accomplish height control are similar to those
described for width. The same page and Fig-
ure references apply.

HORIZONTAL CENTERING. Misadjust-
ment of the horizontal centering control will
cause an effect on the received test pattern
similar to that shown in Figure 128, *

As shown in the chart of Figure 114, two
distinctly different methods of centering the
picture are employed. The mechanical mount-
ing of the focus coil may be provided with
screw adjustments to accomplish both horizon-
tal and vertical centering. Electrical circuit

Fig. 128. Horizontal Centering Control Mis -
adjusted
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means for accomplishing centering have been
described on page 11 for the electrostatic type,
and on pages 61-62' for the electromagnetic
type.

When centering is accomplished by pos-
itigning the focus coil, it may be found necess-
ary to make readjustments of the ion trap
position simultaneously with the movement of
the focus coil, as explained on page 114.

VERTICAL CENTERING. Figure 129
shows the effect of misadjustment of the ver-
tical centering control. As in the case of the
horizontal centering control, just discussed,
vertical centering is accomplished either by
mechanical means (adjustment of the focus
coil position) or by electrical means (voltage
bias of the plates in an electrostatic picture
tube or current bias in the case of an electro-
magnetic tube). The same text references
mentioned under horizontal centering apply

also to the methods employed for vertical cen-
tering. '

Fig. 129. Vertical Centering Control Mis-
adjusted

CONTROLS WHICH AFFECT SCANNING
WAVE SHAPE: In the discussion of the saw-
tooth scanning raster (pages 51 through 60)
it was pointed out that the electron beam must
trace at a linear rate in both the horizontal and
vertical planes to avoid distortion of the pic-
ture. The shape of voltage wave (electrostatic)
or current wave (electromagnetic) required to
produce the linear beam motion has been cov-
ered on pages 56 through 60. In the discussion
of beam deflection systems (pages 61 through
84) the various circuits and the controls em-
ployed to achieve linearity of scanning are
discussed in detail.

The output voltage wave of scanning
oscillators of the cathode-coupled multivibra-
tor or blocking oscillator type can be made
sufficiently linear to satisfactorily operate the
electrostatically deflected type of picture tube
and, for this reason, linearity controls are not
required on sets using such tubes. In the case
of magnetically deflected picture tubes, the
scanning current wave consists of the combi-
nation of a linear sawtooth and a pulse. In the
generation of such a wave, it is necessary to
incorporate variable controls to achieve the
proper time and amplitude relationship of the
various sections of the wave shape. These in-
clude linearity controls, which may include as
many as three for the horizontal scanning, and
drive controls which adjust the amplitude of
the pulse portion.

HORIZONTAL LINEARITY CONTROLS.
Figure 120 shows the effect of the misadjust-
ment of horizontal linearity. It will be noted
that the circle of the test pattern has been
rendered elliptical or ‘‘egg shaped.”’ The pic-
ture has been cramped in the middle.

Correction of distortion of various parts
of the picture, in the horizontal direction, are
accomplished by controls affecting the circuit
elements which contribute these portions of
the scanning current wave. In the case illus-
trated by Figure 130, correction could be made
by horizontal linearity control (L8 of Figure
73) or a similar adjustment for correcting the
center of the picture without affecting the sides.
Additional linearity controls, such as resistor
R9 of Figure 73, may be employed to correct
the right hand side of the picture.

.F;ig. 130. Horizontal Linearity Control Mis -
adjusted
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Since the number and circuit function of
linearity controls differ between receiver de-
signs, the television service technician is
advised to study the service manual issued by
receiver manufacturer for the particular lin-
earity adjustment and the interaction of the
control adjustment with other linearity and
width controls are invariably covered in the
service literature.

Fig. 131.
justed

Horizontal Drive Control Misad-

HORIZONTAL DRIVE CONTROLS. The
horizontal drive control adjusts the ratio of the
pulse to the linear portion of the horizontal
sawtooth' scanning current wave (pages 65-66).
This controls the point on the scanning trace at
which the horizontal output tube conducts. The
effect of its misadjustrhent is shown by Figure
131. In effect it is seen to be an auxiliary lin-
earity and width control, since a clockwise
rotation will increase the picture width, crowd
the right hand side of the picture and stretch
the left.

Feedback is often employed in the output
stage to provide a negative pulse from the hor-
izontal output transformer to the grid of the
output tube. In this case, the drive control is a
voltage divider across a winding on the output
transformer. The voltage pulse is fed back
in series with the output tube grid return.

VERTICAL LINEARITY CONTROL. Fig-

ure 132 shows the effect on the transmitted
test pattern of the misadjustment of the verti-

120

Fig. 132. Vertical Linearity Control Misad -
justed

cal linearity control. The type of linearity
control most often employed in the vertical
circuit is an adjustment of the operating point
of the vertical amplifier. This usually takes
the form of an adjustable cathode bias resistor,
such as R7 of Figure 73. Curvature of the plate
current versus grid voltage characteristic is
employed to produce a ‘‘counter-distortion’’
which corrects any curvature of the voltage
wave applied to the grid of this output tube.

In receivers which employ more than one
linearity control, the secondary or additional
control to that described, is made a var-
iable resistor in the peaking circuit which
constitutes the plate load of the vertical dis-
charge tube. This control acts in a manner
similar to the horizontal drive control pre-
viously discussed.

In the adjustment of linearity controls of
either the horizontal or the vertical type, it
should be noted that the result of adjustment is
interdependent with the effect of the size
(width or height) controls. This interlocking
action may- necessitate readjustment of one of
these controls if it is necessary to adjust the
other.

Photographs of transmitted test patterns
showing the effect of receiver misadjustments
courtesy of the National Broadcasting Company
and the R. C. A. Service Company, Inc.
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CHAPTER 11. THE COMPOSITE TELEVISION SIGNAL

BLOCK DIAGRAMS: Television receiv-
ers usually employ many more circuits and
tubes than other types of entertainment and
communication sets. For this reason, function-
al or “‘block’’ diagrams are frequently employ-
ed in service literature as an aid in analyzing
the more complicated circuit schematic dia-
gram.

Any particular receiver can be repre-
sented by a block diagram in which the various

tubes and their functions are represented by

individual blocks. The attempt has been made
in Figures 134 and 135 to present generalized
block diagrams of those -elements of both elec-
trostatic and electromagnetic systems which
have been covered to date. It will be realized
that the choice of one particular television sys-
tem for presentation must involve only one
means of accomplishing the desired circuit
operations. and that different diagrams may be
drawn for other circuit combinations.

The block diagram indicates the sequence
of circuit performance by means of ‘‘flow”
arrows between the various boxes which repre-
sent distinct circuit elements.

The television service technician is
urged to study these diagrams as well as those
available in the service literature since they
constitute an excellent method of studying the
entire television system.

COMPOSITE TELEVISION SIGNAL
(A RADIO CARRIER MODULATED
BY VIDEO AND AUDIO)

In our study of the television system up
to this point, we have considered the actions of
the circuits associated with the picture tube,
enabling it to produce a replica of the image
focused on .the camera tube at the transmitter.
At several points in the text, the statement has
been made that as the electron beam is being
swept across the screen of the picture tube to
produce a horizontal line, it is simultaneously
being modulated in intensity in accordance with
the video signal. We will now examine the nat-
ure of the radio carrier wave with its video
(sight) and audio (sound) modulation.

The principles underlying the interception
of the waves by special antennae, R-F ampli-
fication, detection, subsequent I-F amplifica-
tion, and conversion to a modulating video

signal, will be covered in the order of signal
progression through the receiver.

We have now analyzed those elements of
a televisionreceiver which are pulse-controlled
or under ‘‘slave’’ action. We can now logically
cover those parts of the receiver which accept
the transmitted television signal and use it to
produce audio and video output voltages.

The television signal is much more com-
plex than broadcast and short wave signals
which carry only speech or telegraphic inform-
ation. In order to understand the reasons for
the necessary complexity of the television
signal, a short review of the composition of the
familiar broadcast band amplitude-modulated
carrier will precede the description of the
television carrier.

During the amplitude modulation of the
carrier wave by speech or music, frequencies
higher and lower than the carrier are produced,
known as ‘‘side-bands’’. These occur as a re-
sult of the beat or heterodyne between the
carrier frequency and the modulating frequency.
In the broadcast band for example, the highest
modulating frequency for speech or music
transmission is approximately 5,000 cycles
per second. Thus, if a broadcast station is
operating at 1,000kc (one million cycles) the
5,000 cycle top modulation will produce side-
bands which extend from 1,000,000 cycles min-
us 5,000 cycles to 1,000,000 cycles plus 5,000
cycles (995kc to 1005ke). A graphic represent-
ation of such a double side-band modulated
broadcast carrier is shown in Figure 133.

The modulating frequencies encountered
in the video signal of television extend from
less than 30 cycles per second to over
4,000,000 cycles per second. It will be inter-
esting to examine the reasons for this tremen-
dous frequency range in the output of the
transmitter camera tube.

\ CARRIER

il s L.
w

LOWER | UPPER
SIDEBAND

SIDEBAND

B I O

995 1000 KOS
FREQUENCY N KC,

A

Fig. 133. Double Side-Band Modulated Carrier
Wave. 50 Percent Modulation - 5,000 Cycle Tone
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As the signal spot in the camera tube
sweeps across the mosaic of the iconoscope,
the photo cathode of the image dissector, or
the target of the image orthicon, approximately
480 lines are scanned in 1/30th of a second.
(Although there are 525 lines per frame only
480 lines contain video modulation due to those
lost during vertical retrace.)

If the assumption is made that the picture
element is square, and that the definition or
resolution is the same in both the horizontal
and vertical directions, it is possible to calcu-
late the maximum frequency which will be
produced.

The ratio of the length of the picture to
its height has been set in the R. M. A. and the
F. C. C. standards as 4/3. Assuming there are
480 lines in the vertical direction, the number
of horizontal dots for equal resolution would be
480x4/3, or 640. Multiplying the number of
vertical lines (480) by the number of horizon-
tal dots (640) we obtain a possible maximum of
307,200 picture elements for a single frame.
Thirty frames per second (two 60~ fields) mul -
tiplied by this figure of 307,200, produces an
upper frequency of 9,216,000 picture elements

r‘—640 PICTURE ELEMENTS—"I

r——-480 PICTURE ELEMENTS ——’1

Fig. 136. Video Modulation Produced by Scan-
ning a Checker Board in which the Picture Ele-
ments Are the Limit of System Resolution.
(Diagram one-tenth scale)
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per second. Fortunately, this figure does not
represent the top frequency as will be seen
from a consideration of the video signal which
would be produced by scanning a checker board,
consisting of alternate white and black squares
and having 480 squares in the vertical direction
and 640 in the horizontal. (See Figure 136.)

In the system of television transmission
now adopted as standard in the United States,
an increase in carrier strength caused by an
increase in video modulating voltage produces
a darker spot on the cathode ray picture tube.
The brightest spot in the picture corresponds
to the lowest modulating voltage. Thus when
the scanning beam in the camera tube reaches
the edge of a black square at A of Figure 136,
the video modulating voltage of the transmitter
assumes its maximum positive value and re-
mains at this value as the scanning action
crosses the black portion of the image. At
point B the scanning reaches a white area and
the modulating voltage changes to its maximum
negative value. The video voltage then remains
negative until point C is reached, at which point
the cycle repeats itself. Since two picture ele-

.ments have been scanned in this operation to

produce one cycle of video voltage, the top
modulating frequency required will be one half
of the number of picture elements or in this
example 4,608,000 cycles (4.6 megacycles)
for 9,216,000 picture elements. Since we have
used as an example the maximum resolution
of the system, in which a picture element has
been made the same size as the scanning spot,
the video output would be a sine wave as shown
at 136C rather than a square wave at 136B.

If double side-band modulation, of the
type employed in standard radio broadcasting,
were to be used in television (see Figure 133),
side-bands extending 4.5 megacycles on both
sides of the carrier would require a bandwidth
for the video signal of 9.0 megacycles. In the
early days of television research, when the
pictures were of much lower definition (90
lines instead of 525), double side-band modu-
lation was employed. In addition to the band-
width required for the video carrier, the
accompanying sound carrier and a ‘‘guard”’
space must be provided. The Federal Com-
munication Commission has assigned a channel
space of only 6 megacycles for each television
channel and it is therefore impossible to use
the double side-band type of modulation and
still retain the definition which is possible in
a 525 line picture. Other types of modulatio