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INTRODUCTION

In presenting this series covering
Television instruction, perhaps a few words
outlining the approach and intention of the
course are in order,

If the sequence of treatment of the
various major television subjects herein differs
from that commonly used in training texts or
engineering writeups available to date, there
should be no misinterpretation of the reasons
for such departure. The author believes that
the logical starting point for television

training is the cathode-ray tube, for the’

following reasons:

1, The radio service technician is
already familiar with the various basic
circuits employed in television receivers with
the exception of those circuits peculiar to
cathode-ray image formation and control.
Thus, to be able to analyze the contribution
of circuits well known to him from his radio
service experience, he must first understand
the requirements of cathode-ray tube operation,

2. The radio service technician is
accustomed to making his first analysis of
the condition of a radio receiver by listening

to it; similarly, the first analysis of the
condition of video and picture control portions
of a television receiver is made by viewing
the picture tube,

3. All video troubles in a television
receiver will be indicated by the quality of
the picture or the absence of it. In this way,
the picture tube serves as an important test
or diagnostic instrument,

4, Actual television service experience
has indicated that the majority of service
calls can be satisfactorily handled without
removing the chassis from the cabinet. The
ability to obtain a diagnosis from picture tube
operation, plus the ready accessibility of the
adjustment controls, makes this possible.

This instruction, as taught in my school,
is for the purpose of providing the radio
service technician, who now possesses a good
working knowledge of radio, with an equivalent
basic knowledge With this
additional knowledge, . he can approach his
television service problems with the same
confidence he now enjoys in his radio ser-

of television.

vicing activity,
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CATHODE RAY TUBES --

BEAM FORMATION AND 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
gathode-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

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

located in the television s‘udio, and the form,
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Fig. 1.

Radio Plus Video Creates Television.
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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

SIMPLE
CATHODE - RAY
TUBE .

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
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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

-L\\‘

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

limits the number of electrons:

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

Hence, the phrase ‘‘electron
is given in

to a fine point,
optics,”” A close resemblance
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 to 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 repelling to negative charges due to the

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

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

course because the forces acting on them are running almost parallel to the axis, an
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Fig, 6, 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

DEFLECTION
PLATES

CONTROL
GRID

/
=

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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BEAM FORMATION AND CONTROL
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Fig, 8.

The assembly so far discussed consti-
tutes the electron gun, so called because it
shoots bullets (negatwe 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 horlzontal 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 apositively charged plate will attract,
while a negat1vely 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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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 cathode-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. K the beam is swept over the same line
; AQUADAG
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Fig. 10.

Electrostatic Focus and Deflection
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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

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

i == —
HORIZONTAL o— |
AMPLIFIER
ouTPUT |
—|
VERTICAL
AMPLIFIER
OUTPUT
) o
; A {1
< A STE

Rz ' R
- +| \ TN VERTICAL
CENTERING
VOCTAGE RI \ 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 RS.
From the junction of R1 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
1

§R3 §R4

r. < V- z
1
R2
HIGH DC
POTENTIAL ® X
RI
Y
4 Y
+
Ri=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,

The next installment will concern the study of electromagnetic deflection systems.
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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

w

. 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 of
SYLVANIA ELECTRIC PRODUCTS, INC.

A PHOTOFACT ‘‘Exploded”’ View
© HOWARD W. SAMS & CO., INC., 1948
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CATHODE -RAY TUBES -- BEAM FORMATION AND CONTROL

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 cathcde-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 fieldupon 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)

AXIS OF
BEAM

f‘ig. 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

g
D

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)

/2.9:.9.9.9:.9.9.7) 1:.9.0:9.9:9.9.0

’ )EL?CTRON CUP\?ENT ))
78878888 \)\/J\/J\X)\,é/

S

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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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 focusmg ele-
ments are required.

The construction and application of a
typical focus coil is shown in Figure 17.

14

’

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 aidthe 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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Fig. 17. Action of Focus Coil

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

MAGNETIC
LINES OF
FORCE—

BEAM MOVES
—_—

BEAM MOVES

-—

ELECTRO
MAGNET

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]

MAGNETIC

. FORCES -
HORIZONTAL AND
VERTICAL

Fig. 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 eachother 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
18)

o

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

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 electrons from the cathode
are mixed with charged atomic particles called
‘‘ijons’’. 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.

Two methods are currently used for beam
purification when the electromagnetic tube is
used. The first method takes advantage of the
fact that ions are not affected by magnetism.

N%%%éw IONS
IONS AND

CONDUCTED
ELECTRONS j f&mx

—
S n ¥ 7

~ <
) _[ELECTRONSS
LARGE SMALL
MAGNET MAGNET
CRIL COIL
L | ju 22}

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

ION TRAP FOCUS colL

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 yoké 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

Fig. 23. Type 5TP4 Projection 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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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.

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 ofa
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 ina
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 eachparticle 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

19




e

CATHODE-RAY TUBES -- BEAM FORMATION AND CONTROL

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 ELECTRODE

Tite K
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CONTROL
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Fig. 24. RCA Type 1850A Iconoscope (Dréw—
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 emissionfromthe 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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(Drawings from Sample Courtesy RCA)

21




CATHODE-RAY TUBES -- BEAM FORMATION AND CONTROL

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 times before 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

SIGNAL TO VIDEQ
CURRENTS AMPLIFIER

LOAD
RESISTOR

ELEGTRON
ELEGTRON- MULTIPLIER
MULTIPLYING /~ STRUCTURE

OYNODES

PHOTOSENSITIVE
CATHODE

POSITIVE ANODE COATING \ APEATURE

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. .

CORTROSICRID ACCELERATING ANODE

FOCUS ANODE

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. ‘

BUTTON TERMINAL

SIGNAL PLATE— J/

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 scanning 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.

24

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.

N .

Installment No. 3 will treat television power supplies and RC (Resistance-Capacitance) time constants.
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TELEVISION COURSE INSTALLMENT NO. 3

CATHODE-RAY TUBES --

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
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BEAM FORMATION AND CONTROL

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-

5

40 WMFD
159 s00v

5

-

Fig. 29. Left - Low Voltage Transformer Type Supply. Right - Half-Wave Doubler Low Voltage

Supply
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1

amperes, while the voltages employed may
range to extremely high values, especially in
television receivers using projection-type
cathode-ray tubes. Receivers currently in pro-

duttion may use accelerating potentials from -

3,000 to 30,000 volts.

.;SAFETY' PRECAUTIONS: Since thesea 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
‘‘prute 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

HIGH VOLTAGE

JOBMFD 100 MEG
6,000 v

h
H.V. TEST POINT

I

1MEG

4400
VOLTS

N7 VAC
80 v

_o/

INTERLOCK

+| MFD

2X2

Fig. 31. High Voltage Supply Employing
Doubler Circuit .
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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

28

AND CONTROL

183

[}
L1 d A 8+ +
T oaT Iz

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.

TUNING
CAPACITOR

PRIMARY

183 HIGH VOLTAGE

RECTIFIER a'Pi’ SECONDARY

12A8
FILAMENT OSCILLATOR
WINDING

INPUT FILTER FILTER QUTPUT FILTER
CAPACITOR RESISTOR CAPACITOR
500 MMF 100 K SO0 MMF

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.

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 iron 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.

AF.C.
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-8V

g:
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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. Typic al’ Horizontal Flyback High-
Voltage Assembly. (Photo from Sample Cour-
tesy Emerson Radiq 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 sameé 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
TRIPL.ERS: In the systems previously describ-
ed, a single réctifier 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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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 design 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
C1l 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.
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Fig. 39. Pulse Type High-Voltage System.
(Hallicrafters-Norelco) Photo Courtesy North
American Phillips Company, Inc.

It is an 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 4l. The

HIGH VOLTAGE
LEAD

RECTFIERS

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 in the il 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.

The first 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 Cl (negative on the lower plate) is
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