Proceedings

of the

Radio Club of America

Incorporated

October, 1935

Volume 12, No. 3

RADIO CLUB OF AMERICA, Inc.
11 West 42nd Street + + New York City




October, 1935

The Radio Club of Americq, Inc.

|| West 42nd Street - New York City
TELEPHONE—LONGACRE 5-6622

OFFICERS FOR 1935

President
R. H. Langley
Vice-President ‘ Treasurer
F. X. Rettenmeyer J- J- Stantley
Corresponding Secretary Recording Secretary
F. A. Klingenschmitt . J. K. Henney
DIRECTORS
E. V. Amy H. W. Houck
E. H. Armstrong Frank King
G. E. Burghard H. M. Lewis
A. B. Chamberlain R. H. McMann
C. L. Farrand J. H. Miller
L. C. F. Horle C. R. Runyon
A. F. Van Dyck
COMMITTEES

Membership— A. R. Hodges Publications—L. C. F. Horle
Publicity- J. K. Henney

Afpliation Entertainment— H. W. Houck
Year Book-Archires— G. E. Burghard
Finance. —E. V. Amy, L. C. F. Horle, R. H. McMann,

J- J. Standey

Copyright, 1935 Radio Club of America, Inc., All Rights Reserved

KT )



PROCEEDINGS
of the

RADIO CLUB OF AMERICA

Volume 12

October, 1935

No. 3

THE
CATHODE RAY TUBE
IN TELEVISION RECEPTION
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I. G. MALOFF*

Delivered before the Radio Club of America
September 18, 1935

The discoveries of the electron and of electron
emission and the development of means of controle
ling the electron emission, opened a wide way which
led to the present day radio broadcasting, sound
recording and communication systems in general.
In exactly the same way the gradual development
of means for concentrating electron beams and es-
peclally the development of means for controlling
these beams in intensity and direction, are direct-
1y responsible for the present day television sys-
tems of high definition.

An electron beam is a narrow pencil of negatively
charged particles moving with great velocities of
the order of 30,000 miles per second. While elec-
tron beams were discovered and used as early as
the end of the last century, it is only in the
last decade that their properties were understood,
and means for their generation and control were
developed.

A television system of high definition, just as
any television system, must have several component
parts. :

Filg. la shows a block diagram of a practical tele-
vision system,

It has been shown time after time that in order to
transmit a picture over wires or radio it is necw
essaryto split the picture having two dimensions,
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namely, height and width, into one dimension of
length. In other words, we have to scan a pilcture
in order to transmit it, and moreover we have to
scan synchronously the picture at the receiver and
to vary the intensity of the spot at the receivepr
in synchronism with the varlation of brightness
under the scanning spot at the transmitter.

The only difference between television systems of
high and of low definition is in the degree of de-
tall transmitted and received. The old mechanical
systems are satisfactory for televizing pictures
having definitions up to 100 lines and reach their
limit of definition somewhere between 100 and 200
lines. High definition systems employing electron
beams have hardly a limit to their capability of
definition. The limitations on these are imposed
chiefly by the assoclated commnication apparatus,.

On Fige 1b a block diagram of a complete sound
commnicatlon system is shown. The only essentigl
difference between the two systems is the fact that
a television systemrequires synchronizing arrange=-
ments while a sound system does not., Outside of
that, the simllarity is striking,

True, the amplifiers have to pass frequency bands
of differing widths, but in all essentials the
systems are alike. Both systems pick up forces
affecting our senses and translate these forces
into electrical intensity vs. time variations; both
systems pick them upat low levels and have to use
vacuum tube amplifiers in order to bring them to
levels sultable for transmission over distance;
both systems may or may not use carriers to trans-
mit the iIntelligence over the distance by means of
eilther the air or cable, On the receiving end,
both systems have to demodulate and amplify the
received signals to bring them to the required
power levels and then, by means of suitable trans-
ducers, reproduce the forces similar to those which
were originally picked up.

The microphone in the sound system corresponds to
the "Iconoscope™ in television, and the power out-
put stage and the loud speaker similarly correspond
to the cathode ray tube with its electron gun and
fluorescent screen,

While both the "Iconoscope" and the cathode ray
recelving tube, or the "Kinescope" employ electron
beams, the structure, operation and characteristics
of the two are widely different, In this discus-
sion we willl deal with the "Kinescope" or the
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cathode ray television receiving tube, with its
construction, characteristics and operatione

THE "KINESCOPE"

A typical "Kinescope" is shown on Fig. 2.

It consists essentially of five component parts:
first, a glass envelope, sealed for maintenance of
high vacuum; second, a cathode from which the cath-
ode rays or, utilizing the modern term, the elec-
trons are emitted; third, a device for concentra-
ting, controlling and focusing of the electron
beam; fourth, an arrangement (either intermal or
external) for deflecting the beam; and fifth, a
fluorescent screen on which the received image is
reproduced.

The envelope is usually made of glass, strong el-
ectrically and mechanically, and is designed to
withstand atmospheric pressure with a large margin
of safety. The tube during its processing is pain-
stakingly baked and outgassed to maintain a very
high vacuum of the order of 10=7 cm, of mercury.
The early tubes were partially gas filled and util-
ized for beam concentration the space charge re-
sulting fromcollisions of electrons with gas mole-
cules, This so=called gas focusing is rather un-
certaln, since the gas pressure in any tube varies
with life, If in a tube the focusing of the beam
is critically dependent on pressure, the useful
life of such a tube is short. Most of the modern
cathode ray recelving tubes are of the high vacuum
type where the concentration of the electron beam
is accomplished by means of electric or magnetic
fields produced between electrodes and poles. The
vacuum treatment of the modern tubes 1s such that
even at the end of the tube's life, that is, when
the cdthode emission has fallen off, the vacuum is
still sufficiently high so that collisions between
electrons and molecules of the residual gas seldom
occure

The cathode i1s of a tubular form with a flat emit-
ting surface covered with a preparation of barium
oxide. Only the flat end, facing the fluorescent
screen, 1s covered with the electron emitting ma-
terial., A tungsten heater, non-inductively wound
and insulated with a heat resisting material, is
located inside of the tubular cathode.

The electron gun, or the device for concentrating,
controlling and focusing of the electron beam,
consists of a grid sleeve, anda first anode. Some-
times it includes another electrode, usually called
screen grid, not essential for operation and not
shown on the figure. The grid sleeve is of a tub-
ular form with a disc parallel to the flat emitting
surface of the cathode., A circular hole in the
center “of the disc 1is coaxial with the cathode
sleeve. The first anode cylinder coaxial with the
rest of the system is usually mounted by means of
insulators on the grid sleeve. It cdrries dia-
phragms or aperture discs on the inside for stop-
ping or 1limiting the beam angle and for limiting
the penetration of electrostatic fields. The glass
envelope of the "Kinescope" carries a black con-
ductive coatingon its inner side and has a sealed-
in conductor leading to this coating. The con-
ductive coating forms the last or the second anode.
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The final electron accelerating potential is ap-
plied between the cathode and the second anode.

The purpose of the filrst anode is to stop the beam
similarly to an optical stop ina lens and to create
an axlally symmetric electrostatic field which
would start the initilally divergent electrons of
the beams towards the axis. By adjusting the volt-
age on the first anode the fluorescent spot on the
screen can be brought to a minimum diameter., The
voltage on the first anode for best focus 1is usu=-
ally about 1/4 or 1/5 of that on the second anode.

F16.3.

An electromagnetic system of focusing is shown on
Fige 3« A short first anode and the second anode
are connected together to the source of the final
accelerating potential and the concentrating field
is produced by a multilayer solenoid coaxial with
the tube and the gun.

The fluorescent screen is placed on the inner side
of the front face of the tube, This face is usu=-
ally as flat as mechanical strength permits. The
material is usually either a sulphide or a silicate
of zinc and is deposited in a very thin translucent
layers

OPERATION OF THE "KINESCOPE"

The operation of the tube 1is as follows: The elec-
trostatic field created by the potential applied
to the first anode penetrates the grid opening and
draws the emitted electrons into a well defined
beam. The grid is wusually at a somewhat lower
potential than the cathode and in this way limits
the beam intensity. By applying a more negative
potential to the grid the beam can be completely
cut off. After entering the first anode, the beam
passes through a masking diaphragm which cuts off
some of the irregular peripheral portion of the
beam, Then the beam enters the region of the field
produced by the difference of potentials between
the first and second anodes. In this field a
strong focusing action takes place, which gives
the electrons a radial component of velocity di=-
rected toward the axis of symmetry of the beam.
The radial momentum acquired by the electrons is
sufficient to bring them, after a flight through
the equipotential space of the main body of the
tube, to a focus at the screen.

Some of the electrons originally drawn from the
cathode are cut off by the masking aperture. They
return to the emf source through the first anode
lead. The rest of the electrons strike the fluor-
escent screen, They excite the screen and dissi-
pate most of their kinetic energy there, This
kinetic energy has been acquired by the electrons
through acceleration from the very small velocities
of emission fto that corresponding to fthe second
anode voltage,

Some of the energy of the beamis transformed into
1light, some goes into heat railsing the temperature
of the glass, while the rest 1s spent in knocking
out secondary electrons from the screen material.
These low velocity secondaries flow in a steady
stream to the conductive coating of the second an-
ode. An equilibrium condition i1s quickly estab-
lished, the conductive coating acquiring the high-
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est possible potential with respect to the cathode
while the fluorescent screen slides a few score of
volts below the potential of the coating. The dif-
ference of potentials between the fluorescent
screen and the conductive coating i1s such that it
draws the secondaries to the coating at exactly
the same rate as the primaries are arriving to the
screen,

Just as soon as the beam leaves the first anode it
is subjected to the action of either magnetic or
electric fields for the purpose of deflecting the
beam in a predetermined manner. This deflection
is scanning in television,

There are three ways of scanning, namely: first,
by means of two electrostatic fields at right
angles to each other; second, with two electromag-
netic filelds also at right angles to each other;
and third, with an electrostatic and an electro-
magnetic field parallel to each other, It may be
remembered at this point that the electrostatic
field deflects electrons along the lines of force
and that an electromagnetic field deflects them
perpendicular to the lines of force.

The electrostatic deflecting plates are usually
placed inside of the glass envelope while the elec~-
tromagnetic deflecting coils are invariably out-
side the envelope,.

SCANNING REQUIREMENTS

Since most of the tube characteristics can be ob=~
served and measured only while actually scanning,
we will take up the scanning means first. The
purpose and principle of scanninghave been treated
at great length by many writers, so we will limit
ourselves to the recollection of scanning require-
ments in a high definition television system.

In our organization we have made a thorough study
of this subject gnd the following are some of the
conclusions reached.*

If we qualify and limit the ability to tell a de-
sired story to specific conditions, the experience
we have had with television allows us tomake some
interesting approximate generalizations,. If we
take as a standard the informetion and entertain-
ment capabilities of sixteen-millimeter home movie
film and equipment, we may estimate the television
images in comparison.

60 scanning l.h'}es entirely inadequate

120 " hardly passable -
180 " " minimm acceptable
240 " " satisfactory

360 " " excellent

480 " " equivalent for prace—

tical conditions,

This comparison assumes advanced stages of develop-
ment for each of the line structures,

lie may say therefore that a number of scanning
lines in the immediate vicinity of 360, say 340,
will give a very good performence comparable with
16 mm home movie film,

In motion pictures the taking, or the camera frame
frequency determines how well the system will re-
produce objects in motion, This has been stand-
ardized at 24 frames per second. In television it
is assumed that we shall use a frame frequency of
24 per second or greater, Since this 1is satisfac-
tory for motion pilctures, it is also satisfactory
for television and this characteristic of frame
frequency will, therefore, not be considered fur-
ther.

In the reproduced image there is another effect of
frame frequency. This is the effect of frame fre-
quency on flicker. Motlion picture projectors com-
monly used are of the intermittent type. The usual

#See papers by E. We Engstrom, IRE Proc. Vol. 22,
page 1241, Nov, 1934, and IRE Proc. Vol. 23, page
295, April, 1936.
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cycle of such a projector is that, at the end of
each projection period, the projection light 1s
cut off by a "light cutter", the filmis then moved
and stopped so that the succeeding frame registers
with the picture aperture; the light cutter then
opens, starting the next projection periods, This
is repeated for each frame = 24 per second. Since
projection at 24 light stoppages per second with
illumination levels used inmotion pictures causes
too great a flicker effect, the light is also cut
off at the middle of the projection period for each
frame for a time equivalent to the period that it
is cut. off while the f1lm 1s moved from one frame
to the next. This results in projection at 24
frames per second with 48 equal and equally spaced
light impulses. Such an arrangement provides a
satisfactory condition as regards flicker. In
television we also may have a reproduced lmage at
24 frames per second, but because of the manner
in which the image is reconstructed, a continuous
scanning process, it is not practicasble further to
break up the light impulses by means of a light
chopper in a manner similar to that used in the
projection of motion pictures. We, therefore, have
for the usual systems of television a flicker fre-
quency which corresponds with the actual frame
frequency (24 per second, for example). This is
satisfactory at very low levels of 1llumination
but becomes increasingly objectionable as the il=
lumination is increased,

It has been concluded that, in a televislon sys-
tem, satisfactory flicker conditions exlst if each
frame consists of two groups of alternate lines
and that there should be 24 or above of the com-
plete double frames, This so=called interlaced
scanning is equivalent to 48 or above frames per
second as far as flicker is concerned,

At 48 equivalent frames and with 60 cycles power
system, the effects of humor ripple travel across
the reproduced image. The choice of 60 equivalent
frames or 30 interlaced frames per second provides
a complete solution to the visual requirements,
i.e., motion, flicker and ripple.

ACCESSORY CIRCUITS

If we have to lay out a circuit to receive the
television picture we have to provide: first, a
sultable "Kinescope" with suiteble power supply;
second, a deflecting yoke for deflecting the heam
vertically and horizontally at, say, the just-men-
tioned frame and line frequencies; third, for driv-
ing this yoke synchronously with the incoming sig-
nal, and fourth, an electric circuilt to drive the
grid of the "Kinescope" to provide the gradations
of brightness on the screen.

The last Iitem,
demodulating, amplifying,
signal.

of course, includes circuits for
etc, of the incoming

So far we have been dilscussing elementary general-
ities. Let us now consider somewhat in detall the
question of the accessory circuits and of the ar-
rangements requiredby the output device of a tel-
evision receiver.

The first item is: a suitable "Kinescope" with a
suitable power supply. ’

A typical set of characteristic curves of a "Kines-
cope™ are given on Figure 4, It is very similar

' to that of a four-electrode tube. The second anode

current Ipg 1s shown as a function of grid bilas;
the current on the first or the auxiliary anode 1s
also shown. But there are two quantities on the
characteristic which do not appear on that of an
ordinary vacuum tube. They are line width vs. grid
voltage and total light vs. grid voltage.

The line width is measured by means of a microscope
with a scale focused on an isolated scanning line,
when a pattern 1s scanned at normal scanning rates.
The vertical deflection is increased until the ad=-
jacent lines separate by a centimeter or so, The
total light is measured by means of a sultable 1l=
Juminometer. The brightness units are rather con-
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fusing, just as all the light units. It isnot hard
to remember, however, that a perfectly diffusing
area of 1 square foot and having brightness of one
foot candle emits 1 lumen of luminous flux, One
lumen of luminous flux froma flat surface is gen-
erated by a source whose intensity is 1/11’ candle
power, | )

The total light in most of the modern tubes is ap-
proximately proportional to the beam wattage or
beam current at a constant beam voltage, the co-
efficient of proportionality being between 1 and
2 cepe per watt., The tube, the characteristics of
which are shown on Fig. 4, has a screen efficlency
Of 1le5 cepe per watt.

Now let us see what kind of picture we can produce
on this "Kinescope". Suppose it has a screen large
enough to accommodate a 6" x 8" picture. For 340
lines it should have a 1ine width of 6/540 = .,o18",
or roughly .5 mm,

Experience, however, has taught us that the lines
can be somewhat larger than thils theoretical value
because the intensity of the luminous spot falls
rather rapidly as we go away from the center of
it. A reasonable correction factor 1s about 1.6
times the theoretical value. This means that we
may tolerate a 1line width up to .8 mm. From the
characteristic curve we take the corresponding
value of beam current: 86 microamperes at -14 volts
on the gride. The cutoff we find to be -40 volts.
This means that a grid swing of 26 volts peak to
peak wlll drive this tube from black to maximum
permissible high light, -

From the same set of curves we find that the total
light for this high 1light will be about »75 cCeDe
Now if the picture 1s 6" x 8" and we have an en=-
tirely white picture, we will get .75 c,pe of total
light from 48 square inches. This amounts to 2.36
lumens from 1/3 of a square foot, equivalent to
7.1 foot candles., So the maximum brightness of
the high lights in the received picture will be
7.1 foot candles. Now, remembering that the bright-
ness of a plecture in home movies 1s of the order
of 10 to 20 foot candles, we may conclude that we
will have a picture of abrightness comparable with
that of home motion pilctures.

The useful information which we obtained from the
characteristic curve canbe summarized as follows:

The "Kinescope" under consideration will produce
a plcture of detail corresponding to 340 scanning
lines and 30 interlaced frames with approximately
7 foot. candles in high light and a grid swing of
26 volts peak to peak. The power supply will have
to provide 6000 and 1200 volts and have a sufficient
regulation for 80 microamperes, The adjustable or
automatic bias supply should go down to =40 volts.

DEFLECTING SYSTEM REQUIREMENTS

Four factors are important when considering a par=-
ticular arrangement for deflecting or scanning.
First, the system must require not more than a
reasonable amount of power for a full size patterm;.
" secondy the luminous spot must maintain its size

and shape when deflected to the edges of the pat-
tern; third, the pattern must not. deviate from its
normal rectangular shape; and fourth, the system
must be capable of giving a high enough ratio of
the picture to return sweep. The properties cor-
responding to these requirements are:

Deflectlon sensitivity.

Freedom from defocusing of the luminous spote.
Freedom from distortion of the patterm.

High enough overall frequency response.

The above requirements apply to any system of de-
flection, but the mechanics of magnetic and elec—
trostatic deflection differ greatly, Let us con=-
sider magnetic deflectione.

The magnetic field for deflecting electron beams
i1s produced by combinations of coils- and poles
which are often called the magnetic deflecting cir=
cuite. Since to supply power to such a combination
an electrical network or circuit is required, the
latter also has been called the magnetic deflect=-
ing circuilt. It sounds 1easonable to call the
whole combination "magnetic deflecting system and
1ts component parts; magnetic driving circuit and
magnetic deflecting yoke".

While the magnetic field in which we are interested
is formed in alr or vacuum rather, the magnetic
deflecting yoke often contains iron for the purpose
of confining the field and reducing reluctances of
return paths, thereby reducing the total energy
stored in the fleld fora given deflecting effect.

A magnetic fleld gives an electron an acceleration
at right angles to the direction in which it trav=-
els, Since it 1s always at right angles the elec-
tron cannot change 1its speed and can change only
the direction in which it travels. The kinetic
energy of an electron moving in a magnetic field
1s a constant quantity and therefore the radius
of curvature "R" of the orbit can be calculated
from the law of conservation of energy. It comes
out as v
~ eH )

where e, m, v and H are charge, mass and velocity
of the electron and H is the intensity of the mag-
netic field. Reduced to practical units this ex-

pression becomes:
AV

R = 3.36 g
where R is in cme., V is in practical volts, and H
is in Gauss or in Gilberts per cm, Referring to
Fige 5, let D be the gun screen distance, dbe the
length of the magnetic field. The magnitude of
the deflection W comes out as follows:

WER+ Dd - R®
R® - d°
If d is small compared to D we get: W =' Dd/R

2
i

I

i D J

1
|

For a magnetic yoke of increasing length (d), with
the Inductance kept at a constant value by corres-
ponding reduction in the number of turns, the cur-
rent required for a given deflection is proportional
to the square root of the reciprocal of the length
of the magnetic yoke. The power required for a
glven deflection and also the energy stored in the
magnetie field comes out inversely proportional to
the length of the deflecting yoke, This means that

FVS




.
.i
3
t

%
{

PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.

if we can deflect a given beam by means of two pow-
er tubes, doubling the length of the deflecting
yoke will require the use of only one tube to ac-
complish the same resulte.

A megsure of the sensitivity of a particular mag-
netic deflecting system is the amount of total
energy 2 stored in the magnetic field for a given
full deflection, from one edge of the tube to the
opposite edge.

Lo I?
2 s =5

Here 2. is in joules, L, 1s in henries and I is in
amperes. If the picture 1is repeated n times per
second and after each plcture sweep this energy is
dissipated, then the output tube should be capable
of delivering n2 watts to the yoke. This value,
however, is not as important as the product in
voltamperes of the voltage across the yoke during
plcture sweep by the maximum current amplitude
thru the yoke,

The ability of the power tube to supply a deflect-
ing yoke has been treated in detaill in one of the
earlier papers (1932) by the author, and will not
be repeated here.

DEFECTS OF THE SCANNING PATTERN

There are two main forms of defects of the scan-
ning pattern on the screen of cathode ray tubese.
The first is defocusing of the luminous spot, and
the second 1s the distortion of the scanning pat-
tern., By defocusing of the luminous spot is meant
the change of the size of the spot when deflected.
By distortion.of the scanning pattern is meant the
deviation of the pattern from its normal rectang-
ular shape.

The degree to which the above defects may be pres-
ent in a particular deflecting systemis determined
primarily by the shapes and types of the deflecting
fields. There are two more common defects caused
more or less by the deflecting circuit as a whole.
They are: non-uniform distribution of the scanning
pattern or non-linearity of the sweep, and the
crosstalk between the vertical and horizontal cir-
cults. For the first of these, the wave shape of
the magnetic driving circuit and the frequency
response of the yoke are responsible, For the
second, either the coupling between corresponding
driving circuits or the coupling between the flelds
of the yoke may be the cause.

Both the statlc and the magnetic deflecting systems
are subject to the defects enumerated above, and
the work on improving both types has been in prog-
ress for several years. The early high definition
systems in this country employed magnetic deflec=
tion both ways, early foreign systems showed pref-
erence for the electrostatic both ways. At present
most of the systems used in this country utilize
either a combination of static magnetic deflection
or the all-magnetic systems.

The combined system provided only a partial solu-
tion, however. The main source of trouble in such
a combination 1s the defocusing of the spot by the
electrostatic fleld. A certain small amount of
similar defocusing shows itself even in the best
modern magnetic deflecting systems. The old mag-
netic systems had an exceedingly large amount of
defocusinge. All-magnetic systems seem best from
the viewpoint of defocusing difficulties., Most of
what follows refers to all-mggnetic deflecting
system.

DEFOCUSING OF THE LUMINOUS SPOT

Magnetic defocusing is caused by two factors: first,
for a given non-uniform magnetic field it is a
function of the diameter of the beam while it is
under the action of the fleld, and second, for a
given cathode ray tube it 1s a function of the
non-uniformity of the field in the direction of
deflection, The mechanism of defocusing will be
better understood by considering Filg. 6. Take an
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electron beam of a circular cross-—section with
electrons moving parallel to each other. Such a
beam before it is deflected will produce a luminous
spot B on the screen. This spot will be of a cir-
cular shape. Now let us deflect the beam to one
side of the screen by means of a magnetic field
produced by electromagnets: . C and C;. Following
the right-handed screw rule the beam will be so
deflected that the spot will shift to D, The mag-
netic field produced by the two coaxial bar magnets
will be of a barrel shape form and will be the
The cylindrical electron
beam had initial direction toward the center of
this field, but when deflected it will miss the
exis. The side of the beam which 1is closest to
the axis will be deflected more., The side directly
opposite will be deflected less, The spot will be
compressed along the directior of deflection. It
can be shown mathematically that any non-uniform
magnetic field possesses a certain curvature, which
1s a function of the non-uniformity.

FIG.T
EAM_STRETCHED
THIS DIRECTION BY
HORIZONTAL _COMPONENT
ELECTRONS MOVING OF FLUX.
VERTICALLY DOWNWARD
INTO PAPER N _OF
S =
NET} R BEAM_BOUNDRARY

Fig. 7 shows a beamof cylindrical shape being de-
flected away from the center of a barrel shape
field., Away from the plane of symmetry of the
field, the curvature of the field results ina com=
ponent of the fleld parallel to the plane of sym-
metry. These components, however, have opposite
directions on the opposite sides of the plane of
symmetry. In the case shown the upper and the
lower parts of the beam will be stretched away
from the plane of symmetry in opposite directions.
This will change the shape of the spot from a cir-
cle to that of an ellipse with a major axis per-
pendicular to the direction of deflection. There-
fore we may conclude that the non-uniformity of
the fieldand the curvature of it both act to change
the luminous spot into an ellipse with its major
axls. perpendicular to the direction of deflection.
But this will hold only if the direction of deflec-
tion 1is away from the region of the field where it
is most concentrated.

When a cylindrical beam is pulled into a field
towards the region where it is more concentrated,
the beam 1s stretched into an ellipse with 1its
ma jor axis parallel to the direction of deflection.
We may look at the effects of non-uniform fields
from another angle. A non-uniform field affects
a cylindrical beamas a divergent cylindrical lens.
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For deflection towards weaker regions of the field,
the axis of this lens is parallel to the plane in
which the direction of the deflection lies. For
deflection toward stronger regions of the field,
the axis 1s perpendicular to this plane, and the
larger the beam diameter the larger the effect of
a glven fleld.

So far we considered only the cylindrical beams.
In practice we always have converging beams, which
are either focused, or underfocused, or overfocused.
It can be shown by reasoning similar to that just
given that 1fa fleld stretches an overfocused beam
in a particular direction, a readjusting of the
focusing field to give an underfocused condition
will stretch the spot ina direction perpendicular
to the former,

DISTORTION OF THE SCANNING PATTERN

By distortion of the scanning pattern is meant the
deviation of the pattern from its normal rectang-
ular shape. When all the four corners are pulled
away farther than they should be, we get a pin-
cushioned patterm and when these corners are not
pulled far enough we get a barrel pattern.

Distortion as well as defocusing 1s caused by the
non-uniformity and the curvature of deflecting
fields. A combination of two magnetic deflecting
fields, each of which is of barrel shape distrib-
ution, causes a pincushion patterne. A combination
of two pincushion fields produces a barrel shape
pattern, The reason for these effects can be bet=-
ter understood by considering Fig. 8.

B

Fig. 8A shows how the components of two pincushion
flelds add together and give a comparatively small
resultant for corner deflection and a barrel shape
pattern. Similarly the components of two barrel
shape fields add together as shown on Fig, 8B and
glve a comparatively large resultant and a pin-
cushion pattern.

OVERALL FREQUENCY RESPONSE

To reproduce a saw tooth wave shape the magnetic
deflecting yoke should be capable of responding
to many harmonics of the saw tooth frequency. Other
ways of obtaining the same result have been sug~
gested but so far have not proven sufficiently ad-
vantageous to warrant a treatment here. For an
infinite ratio of picture to return sweep the co-
efficients of successive harmonics are inversely
proportional to the order of the harmonic., If the
amplitude of the fundamental is 1, the second har-
monic comes out as a half, and the third harmonic
as a third, and the tenth as a tenth. Meaning
that the tenth harmonic 1s of an amplitude equal
to ten per cent of the fundamental. Now this is
sort of high. Let us figure it out: 340 lines and
thirty frames - this makes 10,200 lines or sweeps
or cycles of the fundamental per second. This
means that the tenth harmonic has a frequency of
102 kilocycles and contributes ten per cent to the
wave., Fortunately we synchronize the picture every
frame and every line. For positive synchronizing
we have to take about 10 per cent of the time,
This permits us to have, say, a ten to one ratio.
Now for a nine to one ratio (which is easier to
compute than the 10:1 case) of the saw tooth wave,
if the amplitude of the fundamental is 1, the amp~
litude of the second harmonic comes out as ,495,
the third .300, the fourth .187, the fifth ,131,
and the tenth comes out negligible. So we may add
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to the requirements of a deflecting system that it
mst be capable of responding to a frequency band
extending from the fundamental of the saw tooth
frequency to its tenth harmonic,

CROSS TALK

Frequently in a deflecting system, a serious cross
talk takes place between the horizontal and ver-
tical circuits. TUsuhlly it is the horizontal im-
pulse which finds 1its way into the vertical de-
flecting circult and produces wavy zigzag scanning
lines instead of straight lines. It may be caused
by coupling of some sort between the driving cir-
cuitse. This kind of cross talk is usually elimin-
ated by electrically isolating and shielding the
respective circults. Often, however, it takes
place because of either electrostatic or magnetic
coupling between the coils of the deflecting yoke.
The type and degree of coupling is usually defin-
itely connected with electric, magnetic and phys-
ical arrangements peculiar to this particular type.
It cannot be treated, therefore, in general, and
has to be studied individually with every partic-
ular type of deflecting system.

As a rule, however, the cross talk can be elimin-
ated by so arranging the coils on the yoke that

- the undesired induced voltages and currents buck

each other out. Sometimes it calls for connecting
horizontal coils in parallel and vertical in series.
In other cases, both should be connected in paral-
lel, while in some, no cross talk is produced under
any conditions,

IRREGULAR DEFECTS

In our discussion of defects of the scanning pat-
tern, we considered so far only the perfectly sym=-
metrical yoke and a centrally located electron
beam. If, however, for any reason either the beam
is not centrally located with respect to the yoke,
or the magnetic return legs of the yoke are not
symmetrical, or the coils are not symmetrically
located, the irregular defects of the scanning
pattern result. If the deflecting field is suf-
ficiently uniform, the position of the beam with
respect to the yoke 1s not as critical as in the
case of a non-uniform field.

Any non~symmetry in the yoke, however, ruins the
uniformity of the field and immediately shows it-
self by producing defocusing in a part of the pic-
ture, stretching a corneror a side of the pattern
and usually producing serious cross talk. The
symptoms of the irregular defects are such that
they are easily located and eliminated by tracing
defective coils and by checking the geometry of
the yoke and the cathode ray tube.

In conclusion let us consider a deflecting yoke of
the type shown in Fig. 9. Two such yokes suffi-
ciently spaced give a very good pattern for a 340-
line 30 interlaced frame picture, It is balanced
to give a very uniform field along the directions
of deflection. Along the beam it naturally gives
a wall of flux, soto speak, and a wall of uniform
heisht,
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