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INTRODUCTION

The cathode-ray oscillograph is not-a new device. It is years old. In fact
the writer employed the instrument almost a decade ago and there were very
many who employed it many years before then. However, its exploitation dur-
ing the past six months removed it from the laboratory class and made it an
instrument of general practical utility to an extent far greater than that which
was accomplished during the past ten years. . . Radio service technicians—de-
sign engineers—college laboratory technicians—amateur transmitter operators—
have become cathode-ray oscillograph conscious. This is by no means strange,
for no piece of equipment possesses the versatility and utility equal to that of
this device.

While it is true that “The Cathode-Ray Tube At Work"” is intended primar-
ily for the radio servicing industry as a reference text covering the operating
principles and practical applications, it is felt that the contents will be of
value to the design engineer as well, for he, too, has in very many cases searched
in the dark for the conclusions he hoped to reach.

This volume is not intended as an engineering text. It is intended as a
practical book and should be viewed from that angle. The theory covers
the principles underlying the operation of the cathode-ray tube as used in
oscillographs of the type intended for general use in the radio and allied
fields in connection with servicing, design research and “ham” transmitter op-
eration and adjustment. The practical applications covered herein relate to
the servicing of radio receivers and the observation of electrical phenomena
associated with receiver, amplifier and transmitter components.

The subject of television has been omitted entirely, because we felt that
it did not belong in this volume. However, the theory given in this text
should be of some value in the effort to comprehend the operation of the
cathode-ray tube in television systems. We have omitted discussion of the
application of the cathode-ray tube to fields associated with radio, but far re-
moved from receivers, amplifiers and transmitters as we consider them. We are
referring to the application of the cathode-ray tube for direction finding, study
of static, prevention of collision, blind flying, etc. . . .

We made brief reference to the application of the cathode-ray oscillograph
to the industrial field. But as far as radio servicing is concerned, we feel that
we have covered the subject as fully as it will permit, without making the
text an involved engineering discussion. No dougt, revisions of this volume
will take place in years to come. Changes will take place. The servicing
field in particular is fast approaching an engineering status and as such will
use more and more equipment originally native to the laboratory only. When
that time arrives, such a volume will of necessity become more of an engineer-
ing text.

The engineer responsible for the design of cathode-ray equipment will not
find much of value in this volume. This is not an apology, but a statement of
fact. However, the man who is going to apply the cathode-ray oscillograph,
it is hoped, will find a great deal of value.

It is our sincere wish that students will find material of value in these pages
and that more and more educational institutions will find the cathode-ray oscil-
lograph to be of value during instruction.

It may be of interest to note that all the oscillograms in this book were repro-
duced from unretouched phutographs made in the author’s Successful Servicing
Laboratory.

We desire to extend our thanks tor the wholehearted cooperation extended
by Mr. G. C. B. Rowe and Mr. J. Avins, during the preparation of this volume.
August 13, 1935. JOHN F. RIDER
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CHAPTER 1

THE THEORY OF THE TUBE

In the discussion of the cathode-ray tube during the course of this
volume, it should be understood that we are referring to the types
used in the commercial oscillographs of today, unless in discussion of a
type, the contrary is mentioned.

What Is the Cathode-Ray Tube?

The cathode-ray tube is essentially a special type of vacuum tube,
wherein electrons emitted from a cathode are concentrated into a beam,
which beam is placed under the influence of electric or magnetic, or a
combination of both, fields—and then caused to impinge upon a spe-
cially prepared screen, located within the tube. This screen becomes
fluorescent at the point of impact of the electron beam and thus makes
visible the trace of the beam in the form of a pattern or image. The
persistency of the pattern is dependent upon the nature of the phenom-
ena, i.e., if transient or recurrent. The shape of the pattern or image
likewise is determined by the nature of the electric or magnetic field,
which has been caused to act upon the electron beam.

Obviously, what has been said is nothing more than a very brief and
general explanation of the tube, leaving much more to be said about
the actual operation of the various elements within the tube and the
utility of the complete cathode-ray oscillograph, wherein the cathode-
ray tube is the basic unit. Much more and detailed information will
follow as you progress through this volume. In order to comprehend

fully the versatility of the device, it is imperative that its operation be
fully understood.

What the Cathode-Ray Tube Will Do

The statements made under this heading assume that the tube is
used in an oscillograph with the proper related apparatus, for as we
stated in the preceding paragraph, the tube itself is but one part of the

1



2 THE CATHODE-RAY TUBE AT WORK

complete device. The trace or pattern or image, which appears upon
the viewing screen, provides a visual means of studying transient or
recurrent electric or magnetic phenomena. The nature of the phenom-
ena, which can be studied, is extremely diversified, due primarily to the
fact that the electron beam or stream is practically free of inertia;
consequently it can respond to cyclic variations from a fraction of a
cycle per second to several hundred million cycles. Frankly, at the
time of this writing, the tube itself is more versatile than the ingenuity
of man in being able to design related equipment of equal latitude.

The tube is not limited to use only in the electrical or radio field.
It can be employed for the determination and observation of physical
and mechanical phenomena, by translating the physical or mechanical
phenomena into electric or magnetic phenomena, which then will be-
come visible upon the screen and be suitable for interpretation.

The ability to interpret a pattern or image into its true significance
demands that the operator be familiar with the principles underlying
the operation of the device or devices producing the phenomenon, as
well as with the operation of the cathode-ray tube and its related appa-
ratus comprising the oscillograph.

We shall refrain from listing specific applications of the device at
this time, because detailed discussion of these applications, with illus-
trations, is given in subsequent chapters. To make references at this
time would be so much repetition, without anything being gained.
However, we feel free to speak in generalities and to say that the tube
is suitable for application to the design and servicing of all types of
radio receiving and transmitting apparatus, inclusive of the investigation
of the performance of all of the components employed in receivers and
transmitters. For that matter, we can say that it is suitable for the
investigation of the performance of complete or parts of units which
generate oscillations, modulate, demodulate, rectify and amplify. This
about covers all of the items which are within the province of the radio
serviceman, for whom this volume is primarily intended.

Types of Cathode-Ray Tubes

Speaking once more about the types of cathode-ray tubes used in the
field encompassed by this volume, we find two, which while similar in
many respects, particularly actual performance, have certain points of
dissimilarity. One type of tube is typified by the Western Electric 224
series. 'This tube employs comparatively low operating voltages, be-
tween 300 and 400 volts, and has a slight gas content, using argon.
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The gas employed in this tube aids in the concentration of the beam.
Just what is meant by “‘concentration of the beam” will become evident
in a subsequent paragraph. This same type of tube employs a cathode
which is a part of the filament structure, as will become evident, when
we show and discuss the actual components of cathode-ray tubes.

The other general type of cathode-ray tube employed in commercial
oscillographs and typified by the RCA 905, 906, 907 and 908 and
National Union and other makes of similar tubes, operates at a higher
voltage and higher vacuum without any gas content. In these tubes,
the cathode is a separate structure, indirectly heated by the heater.

It is obvious from the foregoing that cathode-ray tubes differ in
operating potential. As a result of this difference in operating poten-
tials, and other related controlling factors, cathode-ray tubes have what
is known as different degrees of sensitivity. This would be somewhat
like the different degrees of power output with different types of
amplifying tubes, except that in the cathode-ray tube, the degree of
sensitivity determines the size of the image appearing upon the screen
with respect to the amplitude of the electric or magnetic field required
to influence the beam. Perhaps this may be clarified if we stated that
one tube may require a deflecting voltage of 40 volts to produce a one-
inch image on the viewing screen, whereas a less sensitive tube may
require a deflecting voltage of 75 volts to produce an image one inch
long upon the viewing screen. In the cases cited, the deflecting voltage
is secured from the source being investigated. A similar difference in
sensitivity exists with magnetic, as well as electrostatic, deflection. (By
electrostatic deflection is meant deflection due to voltage.)

Speaking about sensitivity and operating potentials, you should not
take for granted that two tubes of unlike operating voltages (anode
voltages) are widely different in sensitivity. A number of factors com-
bine to produce the variation in sensitivity, so that it is possible for
two tubes of unlike operating voltage, produced by two different manu-
facturers, to have a like rating of sensitivity. Voltage rating and position
of elements influence the sensitivity rating. Just how this sensitivity is
established will be shown later.

Cathode-ray tubes differ in the size of the viewing screen and also in
the type of screen material used. Perhaps you have already noted that
certain tubes will fluoresce green, that is, show a green image, whereas
others may show a blue image or some variation of blue or green. This
is a matter of the chemical composition of the preparation employed for
the viewing screen, which is a coating upon the inner surface of the top-
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most and widest portion of the tube. Such variations in color are

photographically more or less active and certain tubes are made to
fluoresce blue in order to be suitable for photographic recording of the
image; that is, a photo-active image is desired. Then again, various
compounds fluoresce at different rates and some screens are specially
designed for the observation of high speed transients, which exist for
several microseconds, whereas others require that the image be recurrent
in order that it be satisfactorily visible. Certain materials, such as
would be used for single high speed transients, will remain flourescent
for a short time after the impulse has passed. Generally, screens are
identified as “fast” or “slow” screens; although some have been iden-
tified as general purpose screens. Composite screens are being developed.
General purpose screens are used for the oscillographs being offered to
the radio industry at large. These screens are photographically active.
Examples of photographs taken, with data relative to type of lens,
speed, focus, film, etc., will be given in the section devoted to the
making of oscillograms in the Appendix. Materials used for screens
are willemite, zinc silicate, cadmium tungstate, calcium tungstate and
others.

Concerning the size of the viewing screen, the larger the better
naturally. At the same time the larger the tube, the larger the equip-
ment and the greater the cost and if satisfactory operation is available
with the smaller tube, then there is no reason for the larger tube. Of
course, for photographic purposes, the larger tube is preferable, because
the image to be photographed is larger.

Referring once more to sensitivity, we are speaking about the tube
itself without any related amplifiers. The introduction of the. ampli-
fiers used with cathode-ray tubes increases the sensitivity—not because
the tube characteristic is altered in any way, but because the signal
applied to the tube is magnified or strengthened by the amplifiers, so
that a basic 1-volt signal may be raised to as high as 40 or 50 volts
in the amplifiers, and then applied to the cathode-ray tube. This com-
bination of cathode-ray tube and related amplifiers changes the sensi-
tivity of the combination, making it much greater than with the tube
alone. If the amplifiers were removed and we considered the tube
alone, it would still possess the original degree of sensitivity.

Although not of the type of tube which service technicians and
radio engineers may have occasion to use, it might be well to say a few
words about the “cold” cathode type of cathode-ray tube. 'This is like
the “hot” cathode type of cathode-ray tube, with which we are con-
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Type 903 has a 9-inch screen and is designed for
electromagnetic deflection.
Type No. 90¢ has a S-inch screen and but one
pair of plates, these being connected to two of
three caps on the tube’s side. This tube was de-
signed for simultaneous electromagnetic and
electrostatic deflection.

Type No. 905 has a 5-inch screen and two pairs
of deflecting plates, which are connected to the
- four caps on the tube’s side.

Type No. 906 has a 3-inch screen and two pairs
of deflecting plates. All connections to the tube
are made through the prongs on the base.

. Courtesy RCA Mfy. Co., Inc.

Types No. 34-8, 54-8, 94-8 (left) have 3, 5

and 9-inch screems respectively and four de-

flecting plates that are connected to the terminals

on the base. These are gas-focus tubes.

T'ypes Nos. 54-8-C, 94-8-C (middle) have 5- and

9-inch screems respectively. The ele-

ments are at an angle, making the normal

osition of the spot at ome side of the
screen instead of the center

Courtesy Allen B. DulMont Laboratories

Type No. 908 (right) has a S-inch screen

and four deflecting plates connected to

prongs on the base.
Courtesy National Union Radio Corp
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cerned, but differs in that the electron emitter, the cathode, is not
heated and the electrons are drawn from the cathode by a nearby
element (anode), to which has been applied a voltage of from 10,000
to 20,000 volts, which is positive with respect to the cathode. In the
hot-cathode type of tube, the emitter emits electrons freely.

Some of the conventional cathode-ray tubes differ in physical dimen-
sions and in the arrangement of connections to the various elements.
Figure 1 illustrates various types of cathode-ray tubes. As is evident,
some types have all the connections in the tube base, whereas others
employ a tube base for certain contacts and have connecting caps on the
sides of the tubes for connection to the remaining elements within the
glass envelope.

What Is in the Cathode-Ray Tube?

You wonder about the structure of a cathode-ray tube. Once more
we repeat that our discussion, consequently our descriptions, relate to
those tubes that are used in commercial oscillographs, which employ
the cathode-ray tube and which are being offered to the radio servicing
industry and related industries for the work previously mentioned. We
include these qualifications in order to obviate the necessity of describ-
ing other types of cathode-ray tubes, of the very high voltage variety
used in other fields. It is realized that omission of such data imposes
a limitation upon the utility of this volume, yet we feel that the space
and time can be devoted to better advantage by elaborating about
things much closer to home.

We have made reference to two major types of tubes. These are
the Western Electric 224 series and the RCA 906 series and its equiva-
lents. When speaking about types in connection with what elements
are in them, we will omit the tubes which have their connections
through both the side of the glass envelope and through the tube base,
since the actual elements within these tubes are identical to the elements
within similar tubes, wherein all connections are made through the
tube base.

In the descriptions which follow, we shall merely refer to the elec-
trodes and their general function. After these descriptions are com-
pleted, a more detailed explanation of the operation of the tube and
the function of the electrodes will follow. Our reason for progressing
in this manner, is that we feel that an understanding of the operation
of the components of the tube will be facilitated if you compare the
operation with a conventional optical system, which discussion would
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be premature if introduced at this time. However, if the optical system
apalogy is presented after the description of the elements within the two
types of tubes, the facts gleaned will be more readily associated with
tube operation and action.

The Western Electric 224

Figure 2 illustrates the physical structure of the W.E. type 224
cathode-ray tube. The working elements are enclosed within a pear-
shaped glass bulb about twelve inches long. All air is removed from
the bulb and a certain amount of argon gas is placed within it. The
purpose of this gas is to aid in the concentration of the beam.

Fig. 2. The various elements of
the Western Electric type 224
cathode-ray tube are designated
in the table on the right. The
glass tube is first evacuated and
then argon is introduced. As is
explained fully in the text, this
gas is an aid in concentrating the
beam of electrons so that when it
strikes the screem a small spot
will result.

Koy
V Vieming Screen
LQ Upper Deltecting Plates
NO LowerDeftecting Fratas
A Anode
S Stekd
C Cathode
B Floment
£ Streamof Llectrans

The electron stream is projected from the cathode C, which is joined
to the filament. This structural arrangement causes the filament cur-
rent to flow through the cathode emitter and to heat it to the state of
incandescence required for satisfactory electron emission. Around the
cathode is a shield S, with a tiny hole at the top, through which the
electrons must pass in order to reach the elements above. Directly
above the shield is the tubular anode A, through which the stream of
electrons is projected towards the screen. Directly above the anode
are to be found the two pairs of deflecting plates made of non-mag-
netic material. As is evident, these two pairs of plates are arranged
so that each pair is at right angles to the other. The stream of electrons
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projected from the cathode, after passing through the tubular anode,
pass between these two sets of deflecting plates. If you viewed these
two pairs of plates from the top of the tube and could also see the
clectron stream, it would appear as shown in figure 3, the stream coming

Beom os i would
oppeor fom the fop

Verfcal Deflect Fig. 3. If it were possible to see through the screen

ing Plates at the tube’s end, the electron stream would appear
7 7 as a small dot in the middle of a square formed by
: / the two sets of deflection plates, on which no
Horizontol De deflecting voltage was impressed.
\\@(Z.ﬂq Plales :

through in the center of what is a small square. The fluorescent screen
is spread over the inner surface of the top of the tube. So much for
the arrangement of the elements within the W.E. type 224 tube.

The RCA 906 Type

Now for the arrangement of the elements in the tubes typified by
the RCA 906, shown in figure 4. H is the heater. Around the heater
is the cathode C. Surrounding the cathode is a shield G, with a small
opening directly above the emitter portion of the cathode. This is
known as the control grid. This cathode is fastened to one side of an
insulating member. To the other side of this insulating member is
attached another cylinder with a small aperture. This is known as
anode number 1. The aperture in this anode is in line with the aper-
ture in the grid sleeve anode. - Above anode 1 is anode 2. Above the
anodes are the two sets or pairs of deflecting plates. Whereas in the
Western Electric tube, each pair is mounted parallel, in the RCA
tube, and in some others, they are mounted in an oblique manner,
although in some other tubes of this type, the two pairs of deflecting
plates are mounted perpendicularly. The viewing screen is spread
across the inner surface of the uppermost portion of the tube. The
beam of electrons emitted from the cathode, after passing through the
various electrodes, pass between the two sets of plates, as in the case of
the previous type of tube. However, this statement should not be
construed as being a positive statement applicable to all tubes,

In some of the higher powered tubes of this type, such as are em-
ployed in connection with the observation of high powered transient
phenomena, one or both pairs of deflecting plates are adjustable from
the outside. These tubes are, of course, special tubes, somewhat beyond
the type in which we are interested.
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There are also in use tubes similar to that illustrated in figure 4,
but wherein one pair of deflecting plates are used. In some, all plates
are omitted. How this arrangement is employed will be discussed
after we explain the basic facts underlying the operation of the tube.

In all of the tubes, which have been mentioned up to this point,
the mechanical arrangement of the electrodes is such that when the
electron beam is projected to strike the viewing screen, the fluorescent
spot appears in the center of the viewing screen. However, there is
another type of tube, similar in electrode complement, wherein the
entire assembly is definitely tilted, so that the original spot appears
at one edge of the screen rather than in the exact center. This special
putpose tube provides a greater operating area upon the screen for
certain types of observations. Just how such a tube is beneficial at times,
will become evident when we consider the practical applications.

H =] Iy U/D
Sl ﬂAZ\\ H\

Fig. 4. In the sketch of the RCA type 906 tube the following letters indicate

the various elements: H, the heater; C, cathode; G, shield grid; Al, first

anode; A2, second anode. The two pairs of deflecting plates are to the right

of A2. It will be noted that these plates are at an angle to the main axis of

the tube. This arrangement of elements in a glass envelope or bulb constitutes
what is sometimes referred to as an “electron gun.”

If you review the electrode arrangement in the Western Electric type
of the tube and in the RCA and equivalent types of tubes, you cannot
help but note certain differences. It is true that certain electrodes
appear in both types of tubes, that is, are common to both types, but
there are certain differences in the number of electrodes employed in
these tubes between the electron emitter and the deflecting plates. At
the same time, it is imperative that you understand that both tubes will
perform the same functions in cathode-ray oscillographs. You will
learn in the subsequent section, how the same objective is attained in

these tubes, although the number of electrodes is not the same.
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How the Cathode-Ray Tube Works

As is true in any number of instances, best utilization of a piece of
equipment is obtained when the operator is thoroughly familiar with
the operation of the device. That is why we place such importance in
knowing how the electron beam in the cathode-ray tube is controlled
at the various electrodes. If the focusing of the tube and the effect of
the various electrodes is fully comprehended, some of the peculiar
effects encountered with these tubes will be recognized and corrective
measures instituted. However, to apply the cathode-ray tube by me-
chanically following specific instructions, will be found to introduce
myriad limitations. Consequently, we feel that it will be to your
advantage if you read again and again the text relating to the basic
operation of the tube itself. Assimilate this portion of this volume
and you will develop a solid foundation upon which to build the
structure of successful cathode-ray oscillograph application.

The focusing of the electron beam is one of the important points
of information, which should be understood by the man who intends
applying the tube to his work. While it is true that this is but one of
the many operations relating to the application of the tube, no harm
can come from thoroughly understanding what happens during the
process of focusing.

Focusing of the beam is an important operation. Without it, the
utility of the tube would be practically nil. The stream of electrons
projected from the cathode travels in all directions from the cathode.
To place it under the influence of the electric or magnetic fields, it is
necessary that the emitted electrons first be concentrated into a beam
and then be properly located, so that these fields be enabled to act
upon the beam. Concentration into a beam is essential in order that
the trace upon the viewing screen be readily distinguishable, particu-
larly the fine variations which may appear in the pattern. Furthermore,
proper acceleration of the electrons is required, so that when they strike
the viewing screen, the impact will be sufficiently great to cause fluor-
escence. Focusing is a function of this acceleration.

If the emitted electrons are not concentrated into a beam, the image
position will not be under control. Neither will it be possible for the
electric or magnetic fields, whichever are used, to act uniformly and to
produce an image which will be of value in studying the phenomena,
unless the beam is properly focused. An incorrectly focused beam in a
cathode-ray tube results in a large spot with a halo around it. In
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some instances, improper focusing results in a very wide spot, which,
when spread as a result of the deflection, produces extremely wide lines
of non-uniform width in the pattern. Considering all of the factors,
focusing of the beam should be understood.

To expedite comprehension of the focusing operation, we deem it
worthwhile to present a simple optical analogy. While it is true that
this analogy is more readily applicable to the RCA type of tube than
to the W.E. type, it should also be remembered that it is more true
with the type of tube most frequently employed in connection with
radio servicing. At the same time, comprehension of the analogy is all
that matters in order to facilitate the understanding of what takes place
within the cathode-ray tube.

Optical Analogy of Focusing

Suppose that we consider a simple optical system, such as that shown
in figure 5. The variables which present themselves in this analogy,

Fig. 5. A sketch of an optical system that is analogous to the elements of an

RCA cathode-ray tube. L is a light source, whose output can be controlled by

the variable opening of the shutter S. O and P are lenses, which concentrate
the beam to a spot on the screen Sc.

are very much like the variables which are found in the RCA type of
cathode-ray tube. You will realize this as we continue the discussion.
This optical system consists of a source of light L, a stop, or light gate,
S, two lenses, O and P, and a screen Sc.

The purpose of the system is to project the light from the lamp L
upon the screen Sc, in the form of a small but intense spot of light.
More than likely, you have focused the sun’s rays onto your hand with
a lens, and if you were of an experimental nature, one of your pranks
during your youth was to start a fire by focusing or concentrating the
rays from the sun onto a piece of paper. The nature of the light gate
or stop, is like that of a stop on a camera; in other words, a device
with an opening of variable size. By means of this device the amount
of light passed from the lamp L to the lens O, is definitely under
coatrol. At the same time, we can further assume that the intensity of
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the lamp, L, is also under control. In other wotds, a rheostat can be
assumed to exist in the power supply circuit feeding the lamp.

The two lenses are of the type which will pick up the light from
some source, concentrate the beam and project a pin point of light
upon a screen at a definite distance from the lens. In the process of
projection from lens P, the light from lens P is caused to converge into
a spot upon the screen.

We stated that the objective of the system, shown in figure 5, is to
project a spot of light of suitable intensity and proper size and defini-
tion, upon the screen Sc. Let us consider first, the first of these require-
ments, namely, the intensity of the spot. Obviously, this depends upon
the amount of light available from L. If the original light source is
not sufficiently luminous, all the concentration in the world is not going
to produce a sufficiently luminous spot. On the other hand, while the
light source may be sufficiently intense, any adjustment, as for example
some setting of the stop S, which may reduce the amount of light
conveyed from L to the lens O, will interfere with the intensity of the
spot and if this adjustment is such that the light transferred is insuffi-
cient, the intensity level of the spot upon the screen will not be suitable.
Bear in mind that at this time, we are concerned solely with the
intensity or the brightness of the spot or image.

As is evident two variables are existent, which are directly asso-
ciated with the intensity or luminosity of the spot. If we desire to
vary the intensity of the light, we have two variable controls, either or
both of which may be used. If we should decide to keep the brilliancy
of the lamp L, fixed, adjustment of the opening of the stop S would
give us the desired control. On the other hand, if we desired to keep
the adjustment of the stop opening fixed, the filament control in the
lamp circuit would give us the intensity control. Naturally, there is
no reason for a dual control of the same thing, so that we can forget
for the moment any variation in the brilliancy of the lamp and use only
the stop opening as our intensity control. When the stop is opened
wide, the full intensity is realized, because the maximum amount of
light goes through. When the stop opening is closed, no light passes
through. It should be understood that the only way that light from
lamp L can reach lens O is through the stop S. Any setting of the
stop opening, between wide open and fully closed, will provide a range
of intensity.

Now for the concentration of the light into a beam, which will
converge at some distance from the lens P, and become a spot upon the
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screen Sc. For every lens or series of lenses, there is some point at a
definite distance from the lens, where the rays of light, which are
picked up by the lens, will be projected with greatest sharpness of
definition. If one type of lens is employed, the projected light will
be smaller than the original area of light picked up by the lens, and
the rays of light can be said to have converged to a pin-point at the
prescribed distance from the lens. If some other lens is used, the
rays of light passing out of the lens can form an area greater than
- the area of light picked up by the lens, and this projected area of light
will be sharply defined at a prescribed distance from the lens.

For any one set distance between the light source and the screen
and suitable lenses in between, there is one setting of the lens, with
respect to its position between the light and the screen, where it will
project the most sharply defined area of light. This operation, or
adjustment of the lens, to bring the rays of the light most sharply
defined upon the screen, is known as focusing. You may recall, if
you ever experimented with burning your hand or the newspaper with
rays of light from the sun, that you had to shift the position of the
lens until the most brilliant spot of light struck your hand or the paper.
When you moved the lens you focused the light rays upon your hand
or the paper.

In connection with the optical analogy offered to illustrate focusing
in the cathode-ray tube, we are concerned with light rays which con-
verge to a pin point. ‘That is why we show the light rays in figure 5,
converging to a spot upon the screen Sc. The adjustment of lenses
O and P constitutes the focusing, with two variables. If lens O is fixed
in position, focusing can be accomplished by moving lens P. On the other
hand, if lens P, is fixed, all the focusing can be done with lens O. With
lens P fixed in position, adjustment of the stop S and the lens O will
result in an optimum setting, which will provide greatest intensity and
greatest definition; in other words, the properly focused spot upon the
screen and at the same time the spot of proper intensity. An incorrect
adjustment of the stop S, with correct adjustment of lens O, will result
in a properly focused spot of light upon the screen, but of insufficient
luminosity or brilliance. On the other hand, correct adjustment of the
stop S and incorrect adjustment of the lens O, will result in light upon
the screen, but not of the correct intensity or focus. The intensity
also suffers when the light is out of focus, because proper concentration
does not take place. Instead of having all of the light concentrated
into one spot, the number of rays picked up by the lens are diffused
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over a greater portion of the screen, with reduced light at any one point.

It is significant to note that with the position of the light source L,
the opening of stop S and the screen Sc permanently fixed, the pro-
jection of the best defined spot is determined by the relative positions
of the lenses O and P. Incidentally, such focusing can be done with
but a single lens in place of O and P.

Focusing the RCA Type Cathode-Ray Tube

Let us now associate figure 5 with the electrodes used in the RCA
type cathode-ray tube and see how closely the optical analogy of focus-
ing is like the electrical means employed in the tube. Examine figure 6.
H is the heater. C is the cathode, which is the electron emitter and
equivalent to the light source. G is the control grid and is the equiva-
lent of the light gate, or stop S. Just why this is so will be stated
later. Anode Al is the equivalent of lens O and anode A2 is the
equivalent of lens P. The viewing screen Sc is the equivalent of the
screen Sc in figure 5.

—=

Fig. 6. The path of the electron stream through an RCA cathode-ray tube is

here shown. The heater, H, warms the cathode, C, from which the electrons

are emitted. The stream is concentrated and accelerated by the two anodes,

Al and A2, finally appearing as a spot on the screem, Sc. See Fig. 5 for
optical analogy.

The control grid G, which is not really a grid in the normal sense,
functions as an electron gate or stop, just as the stop S, serves as a
light gate because of the following: The electrons which are emitted
from the cathode are negative particles. For any one temperature of
the cathode, the maximum number of electrons are emitted by the
cathode for that temperature. However, in operation, if we desire
control of the intensity of the spot, we must have some means of con-
trolling the number of electrons allowed to pass into what finally
becomes the beam, it being acknowledged that the intensity of the spot
upon the viewing screen is dependent upon the number of electrons in
the beam, just as the intensity of the spot in the optical analogy is
dependent upon the amount of light allowed to pass to the lenses.

Control of the number of electrons, which are permitted to pass
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through the electron gate (control grid), is accomplished somewhat in
the manner employed in the regular vacuum tube: by the application
of a negative bias to the control grid, which is the electron-gate G,
with the aperture directly above the emission surface of the cathode.
The negative bias applied to the gate electrode repels the electrons
emitted from the cathode and definitely controls the number which pass
through the aperture. Reducing the bias naturally allows a greater
number of electrons to pass through the aperture and thus pass under
the influence of the adjacent electrode. The greater the number of
electrons permitted to pass through, assuming fixed adjustment of the
related electrical lens controls, Al and A2, the greater the intensity
of the spot which appears upon the viewing screen Sc.

Now, the electrons emitted from the cathode have a certain velocity,
but not necessarily the velocity required. Furthermore, while some
electrons will normally pass through the electron gate G, there is ap-
plied to the anode Al a positive voltage, which tends to attract the
electrons towards it, or at least accelerate the movement of the electrons
through the electron gate G towards the viewing screen. The shape
of the electron field at the cathode and the attracting influence of
anode Al, combine to produce the initially converging force, for the
width of the stream passing through the control grid (electron gate
aperture) is much less than that at the cathode.

As a matter of fact this control grid electrode serves a dual purpose.
The first has been explained. The second is that, as a result of the
negative charge applied, it tends to stop electron emission from the
outer portions of the cathode. Only the center portion, beneath the
aperture, is emitting. Of course, the exact extent of this condition
depends upon the bias adjustment. This electrode, in conjunction
with the cathode and the first anode A1, which applies the initial
acceleration force to the emitted electrons, constitutes an electronic
lens. The converging influence of the combination upon the emitted
electrons can be observed in figure 6.

From what has been said, it is cleatly evident that the primary con-
trol of the beam is the intensity control, namely the control grid
electrode bias adjustment. It stands to reason that the electron beam
cannot be focused if there is no beam, which condition is created when
the bias adjustment of the control grid is such that no electrons, or
insufficient electrons, pass through the electron gate (control grid)
aperture. On the other hand, if sufficient electrons are caused to pass

through the electron gate, a spot will appear upon the screen irrespec-
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tive of the adjustment of the anode Al voltage, just as in the case of
the simple optical system, shown in figure 5, where, if light is caused
to pass through the stop, light will be visible upon the screen, even if
the adjustment of the lens O is not correct.

In the case of the tube shown in figure 6, the voltage applied to the
anode A1 is the primary focusing voltage, since the first focusing action
takes place in the region of the first anode A1, as illustrated in figure 6.
There is a small aperture at the end of anode A1, which is nearest
anode A2. The function of Al is to converge the initial beam for
passage through this aperture. Those electrons, which are too diver-
gent from the beam, are stopped by this aperture. A comparison
between the optical system shown in figure 5 and the electrical optical
system in the cathode-ray tube shown in figure 6, shows a parallel
between L, S and O in figure 5 and between C, G and Al in figure 6.

The main focusing action in the cathode-ray tube, shown in figure 6,
takes place between anodes 1 and 2. A fixed high voltage is applied
to the anode A2. ‘This voltage is fixed and positive with respect to
the cathode and from 4 to 5 times as great as the voltage applied to
anode Al. Anode A2 voltage accelerates the electrons to the velocity
required to produce fluorescence, when they strike the screen. The
electrons, which pass through the beam defining aperture on Al,
are brought to a focus as a result of the combined action of Al and A2,
but this time are caused to converge into a spot at a certain distance
from anode A2, namely, upon the screen. Anode A2 also has a beam
defining aperture, so that electrons which are too divergent from the
main beam are not permitted to pass through.

You recall, during the discussion of the optical system, that lens P
was fixed and that focusing was carried on by adjustment of lens O.
With the position of L and the adjustment of S also fixed, it is obvious
that focusing of the light upon the screen Sc is governed by the rela-
tive positions of the two lenses, O and P. The same is true in the
cathode-ray tube, figure 6, but in this case, with cathode emission fixed,
the focusing of the beam upon the screen is determined by the ratio of
voltages applied to anodes A1 and A2. With anode A2 voltage fixed,
the proper focusing adjustment is made by varying the voltage applied
to anode Al.

We made the statement that if the intensity adjustment, or the bias
applied to .the control grid, was correct, electrons would strike the
viewing screen irrespective of the setting of the anode Al (focusing)
voltage. That is true, but it is also important to remember that if the



THE THEORY OF THE TUBE 17

adjustment of the control grid voltage is such that insufficient electrons
are passed, or if the emission from the cathode is insufficient, variation
of the focusing voltage may cause the spot to disappear from the
screen. There are several possible reasons for this. One is that as a
result of incorrect focusing, insufficient acceleration is given to the
electrons and comparatively few reach the high voltage anode A2.
Second, is the diffusion of the beam, which results in less than the
required light to appear as an image.

The production of a bright and sharply defined spot upon the
screen is accomplished by correctly controlling the intensity and the

focusing. The size of the spot is influenced by both the intensity and
the focusing controls.

Focusing in Other Types of Tubes

You may have noted that the focusing of the beam in the RCA type
of tube is a result of the fields developed by the voltages applied to
the anodes. In other words, the concentration of the electrons into a
beam is accomplished by these fields. The Western Electric tube
employs a somewhat different manner of concentration. We stated
in connection with the electrode arrangement shown in figure 2, that
the tube contained a cathode, a shield and an anode. In contrast to
the fixed potential cathode employed in the RCA tube, the W.E. tube,
figure 7, employs a variable potential cathode C. By this we mean that

Fig. 7. In a Western Electric

cathode-ray tube, the cathode, C,

is a part of the filament, F. This

is in turm comnected to the

shield, G. A fixed positive vol- Cc "

tage is applied to the anode, A, F G
for acceleration purposes.

the current flowing through the cathode is varied by means of a rheo-
stat and thereby controls the emission. The shield or electron gate G
is electrically connected to the cathode at one point. The anode A is
connected to a fixed voltage source, which applies a positive voltage
to this electrode. Further, a certain amount of inert gas is placed
within the glass envelope.

How is this tube focused? It is lacking the focusing electrode. It

has the intensity control, although not in the same manner as the other

'
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tube. The number of electrons fed into the beam or allowed to pass
through the shield (electron gate) aperture is controlled by the emis-
sion of the cathode, because the shield, being joined to one side of the
cathode, is maintained at a fixed potential with respect to the cathode.
At the same time, the anode, being at a fixed potential, supplies the
attracting influence upon the electrons to cause them to move through
the shield aperture and accelerates their motion towards the screen.
With these voltages fixed, the variation in temperature of the cathode,
controlled by the filament resistor, varies the amount of emission, so
that the intensity control is the cathode temperature control.

Now, the gas within the tube comes into action. The combination
of the aperture in the shield and the tubular anode results in the pro-
jection of a stream of electrons from the cathode, through the shield
aperture and through the opening in the tubular anode towards the
viewing screen. An initial beam is therefore available. However, the
electron stream, moving further away from the attracting force, which
has caused it to converge (the tubular high voltage anode), would
tend to diverge, as a result of the mutual repulsion between the elec-
trons (negative particles) comprising the stream. Furthermore, due
to the comparatively low accelerating voltage, about 300 to 400 volts,
as compared with 1000 to 1300 volts in the 906 type tube, there is a
greater tendency for the electron stream to spread during its passage
to the viewing screen. Such spreading would be the equivalent of
poor focusing, cause a large spot of insufficient brilliance, etc.

It is here that the gas content comes into play. The argon gas,
which is used at low pressure, counteracts this tendency towards spread-
ing of the stream in the following manner: A high velocity or speed
is developed by the electrons which pass through the high voltage
anode, as a result of the voltage applied to the anode. The molecules
of gas, on the other hand, move at comparatively low velocities. When
an electron strikes a molecule of gas, it knocks one or more electrons
off the gas molecule, thus making the remaining nucleus a positive ion.
This ion, therefore, attracts free electrons. Being comparatively heavy,
with respect to the weight of the electron, and moving slowly, the
positive ions stay within the limits of the initial electron stream, so
that the entire stream of electrons forms a stream of positive ions.
The tendency of the electrons to spread is offset by the attracting power
of the positive ions, which are continually being created as a result
of the bombardment of the gas molecules by the stream of electrons.
Obviously, the gas is doing what was previously accomplished by the
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focusing anodes and voltages, namely, concentrating the stream of
electrons.

The only variable control, which is found in this type of tube, is
the rheostat, controlling the cathode temperature. The adjustment of
the cathode temperature, or electron emission, serves the dual purpose
of controlling intensity as well as focus. Both are simultaneously ac-
complished, because there is a critical temperature, at which the spot
upon the viewing screen is small and brilliant. If the adjustment of
the cathode temperature is such that insufficient electrons are emitted,
the spot will not be bright. On the other hand, if the emission is too
great, the spot becomes too wide for practical use.

Some of the commercial cathode-ray tubes of the type which have
separate intensity and focusing controls are equipped with but one
continuously variable control on the face of the panel. This is the
intensity control. The focusing control, that is, the adjustment of the
accelerating anode voltage (Al in figure G), is a screw control on the
side of the box housing the equipment. Such an arrangement is
deemed advisable by some manufacturers on the ground that the
focusing adjustment for any one tube is changed but little during
normal operation of the tube. This is a matter of opinion and also is
dependent upon the type of observation work being carried on.

Magnetic Focusing

The methods of focusing the beam, as described thus far, have
employed electrostatic fields. It is also possible to focus the beam with
a magnetic field. Incidentally, this reference to focusing should not
be confused with the application of electrostatic or magnetic fields for
the purpose of deflecting the beam during the observation of electric
or magnetic phenomena. The reference to focusing is that relating to
the proper concentration of the beam so as to enable the application of
the deflecting voltages and to create the proper image.

In magnetic methods of focusing, powerful magnetic fields are
developed by passing current through coils located outside the tube,
coaxially around the tube’s neck. In view of the fact that magnetic
focusing is not used in the field, which is the destination of this
volume, and since this volume is not intended as a text for those asso-
ciated with the design of cathode-ray oscillograph apparatus, it is
deemed best to make nothing more than this brief reference.
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Tubes With No Plates or One Pair

There are tubes, as has been stated, which contain but one pair of
deflecting plates and outside magnetic deflection coils must be em-
ployed. Then again, there are cathode-ray tubes without any deflecting
plates within the glass envelope and magnetic deflection must be used.
These are general descriptive references. The types of tubes, which are
used in connection with radio receiver design and servicing, invariably
are of the type equipped with two pairs of internal deflecting plates,
and are suitable, when such is desired, for use with external magnetic
deflection coils. This is the type we shall consider in this text, showing
its application to radio receiver and component design and servicing.
Incidentally, electrostatic deflecting plates may also be located outside
the tube, but such tubes are not commonly used in the radio industry.

The Deflection of the Beam

There are two important functions performed in the cathode-ray
tube oscillograph. The first is the focusing of the electron stream into
a narrow concentrated beam of electrons. The second is the placement
of this beam under the influence of an electric os magnetic, or combi-
nation of both, types of field, in order to secure the proper deflection
of the beam. Deflection of the beam results in a pattern or image
visible upon the fluorescent viewing screen, which pattern furnishes the
information desired.

The illustrations showing the focusing of the electron beam create
the impression that the beam is quite wide. An illustration, which
would really show the properly focused beam as narrow as it really is,
would make comprehension of the process of focusing much more
difficult. Consequently, we show the properly focused beam much
wider than it actually is within the tube. When the tube is properly
operated, the beam is a very narrow pencil of electrons, which produces
a spot with a diameter not greater than perhaps ¥ to @ of an
inch. Such is the diameter of the spot found in tubes of the W.E.
224 type and the usual run of cathode-ray tubes with 3-inch diameter
viewing screens. Some of the tubes with larger screens have larger
spots, since the type of electrodes used are comparably larger. At any
rate, the beam, when placed under the influence of the deflecting fields,
should be understood to be a narrow stream of electrons. That is how
we will show them.

‘We made the statement that two types of deflection were available;
namely, electrostatic (electric) and magnetic. All of the smaller tubes
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are arranged for electrostatic deflection and contain the two pairs of
deflecting plates, which enable the application of deflecting fields in two
directions. However, even these tubes may be used for magnetic deflec-
tion, by the location of the proper deflecting coils around the outside
of the neck of the tube.

_When considering the process of deflection, it is imperative that
you realize several pertinent facts. These are:

1. Electrons are particles, bearing a negative charge at all times.

2. Electrons are repulsed by a negative field produced by any

medium.

3. Electrons are attracted by a positive field produced by any

medium.

4. The electrons which pass through the deflecting fields are in a

narrow stream or beam. .

In this discussion of the deflection of the beam, we will consider first
the deflection with an electrostatic field and then with magnetic fields.
In this connection, whatever is said, is equally applicable to the RCA
type of tube and the W.E. type of tube. As far as deflection is con-
cerned, the nature of the electron emitter and the type of accelerating
anode or anodes used are of no consequence. The primary consideration
is the existence of the electron stream within the deflecting field. There
is a relation between the means of focusing and the strength of the de-
flecting field in order to produce a certain deflection, but this subject can
await its discussion until the proper time. Figure 8, illustrates the beam
passing through two pairs of deflecting plates on its way to the screen.
There is no necessity for showing the cathode, control grid and anode
structure. These can be assumed.

The position of the beam, without any voltages applied to the deflec-
tion plates, is midway between the plates, which should place the spot in
the center of the viewing screen. The positioning of this spot is the
same irrespective of the physical arrangement of the plates; that is, if
they are perfectly straight with respect to each other, as in figure*8A,
or if they are tilted as in figure 8B.

There are electrical and mechanical influences, wholly undesired,
which will tilt the beam, so that it does not strike the viewing screen
exactly in the middle. Incorrect positioning of the deflecting plates,
static charges upon the bulb, external magnetic bodies, etc., are some
of these influences. However, many of the tubes have means of posi-
tioning the beam, so that the spot impinges upon the screen at the
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correct center. As a matter of fact, slight misalignment of the beam
does not very greatly interfere with the operation of the tube, pro-
vided, of course, that the degree of misalignment of the spot is not

Fig. 84 shows the relative position of the deflecting plates of a Western

Electric type of cathode-ray tube. Note that each pair of plates is parallel.

Fig. 8B shows how the plates of an RCA tube are at an angle to eack other.

It should be noted that the longer sides of each pair are perpendicular in
both tubes.

so great as to interfere with the image upon the screen. If sufficient
screen area is available for whatever utility is expected from the tube,
a slight shift in spot centering does not do a great deal of harm.

The position of the spot midway between the plates also exists if
no potential difference exists between the plates. In other words, if
both plates of each pair are at the same potential, the effect upon the
beam is as if there were no voltage whatsoever applied to either pair of
plates.

To appreciate properly what happens in the tube when a potential
difference exists between the plates of each pair of deflecting plates,
it is necessary to consider each pair separately. For the sake of clarity,
the plates of each pair will be shown arranged parallel to each other,
instead of tilted. The illustrations given in figures 9A and 9C are
made in the same plane. Figure 9A shows the pair of deflecting plates
which are responsible for what is generally known as the vertical
deflection and figure 9C illustrates the action of the plates responsible
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for the horizontal deflection. Explanations of what constitutes vertical
and horizontal deflections will follow immediately after the discussion
of why the deflection occurs.
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Plates<”
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Fig. 94 shows the pair of deflecting plates that cause the electron beam to

move vertically and Fig. 9C, the plates that are responsible for the horizontal

movement. Figs. 9B and 9D show the direction of the electric fields and the
motions of the beam for each of the two pairs of plates.

We made particular reference to the fact that the electron stream or
beam consists of a bundle of moving negative charges. Also that these
charges are repelled by similar negative charges or by a negative field
and that they are attracted by positive charges or a positive field. Sup-
pose then, that the beam of electrons is moving between the two deflect-
ing plates in figure 9A. By means of the connections to these plates,
it is possible to apply a positive voltage to the upper plate DP-1 and
to make the lower plate DP-2 negative. With such connections, the
positive charge upon the upper plate, DP-1, will attract the stream
towards it, whereas the negative charge upon the lower plate, DP-2,
will repel the stream, so that the entire beam will be deflected towards
the upper plate, DP-1.
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Now, the normal direction of the beam is as shown by the middle
dotted line and the position of the spot upon the screen is O. When
the difference of potential previously described exists between the plates,
the beam is pulled out of line as it passes between the plates and the
spot upon the screen is moved to the point indicated by the number 1,
the beam being shown as a dotted line. The extent that the spot is
moved up away from its normal position, or the extent of the pull upon
the beam towards the upper plate DP-1, is determined by the pre-
ponderance of the positive charge upon this plate, with respect to plate
DP-2. If the difference of potential existing between plates DP-1 and
DP-2, with DP-1 positive, is very small, the pull upon the beam is
very little, so that the spot upon the viewing screen is moved slightly
up from its normal position O. However, if the difference of potential
between DP-1 and DP-2, with the former positive, is very great, say
several hundred volts, it is possible to deflect the beam, so that the
spot moves off the screen, Obviously, such a condition is of no value,
as far as utility of the tube is concerned, since with the spot off the
screen, there is no indication of the degree of deflection. Consequently,
each tube has its limits of deflecting voltage, so that the spot will stay
on the screen.

From what has been said, it is easy to understand how calibration
of a tube is possible in terms of the potential difference between plates
DP-1 and DP2, in order to move the spot a definite distance away
from its normal center position.

The limitation of the movement of the spot, or the deflection of the
beam, with a certain potential difference between the two plates, is
presented as a result of the voltage applied to the accelerating anodes.
These voltages have projected the electrons in a stream towards the
screen. The velocity of these electrons in motion being very great, a
certain force is necessary to deflect them or pull them away from their
normal line of travel. The potential difference between the deflecting
plates is the force which tends to pull the stream out of its normal
axis of travel. The higher the accelerating voltage, which starts the
stream in motion, the greater the force required to pull it out of line.
In this connection, however, it is also necessary to understand that
there are other factors present in the tube, which may offset the effect
of the high accelerating voltage, so that two tubes of unlike accelerat-
ing voltage may require a like value of deflecting voltage, in order to
move the beam or spot the same distance.
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A certain amount of amplification in displacement on the screen is
obtained as a result of the distance between the deflecting plates and
the screen. In other words, the vertical movement of the beam from
its normal axis at the deflecting plates is small compared with the move-
ment at the screen. This is due to projection of the angle of dis-
placement.

Referring once more to the deflection of the beam, one of the advan-
tages claimed for the low-accelerating-voltage, gas-concentrated beam
cathode-ray tube, such as the W.E. described herein, is the fact that
a lower value of deflecting voltage is required to move the spot a
predetermined distance upon the screen, than would be required with
a high-vacuum, high-accelerating-voltage cathode-ray tube. However,
there are certain advantages found in the high-vacuum tube which are
not found in the gas-filled tube, so that it becomes a matter of personal
fancy and consideration of all factors.

If now we reverse the voltage to the two deflecting plates shown in
figure 9A, so that DP-1 is negative and DP-2 is positive, we have a
shifting of the beam and the spot in a direction opposite to that which
took place before. The basis of this shift is exactly as stated before,
except that the polarity of the deflecting plates has been changed. Now,
DP-2 attracts the electron beam and DP-1 repels the beam. Since the
hypothetical voltage applied to the two deflecting plates is the same as
before, the potential difference between the plates is the same as before
and the spot moves the same distance in the opposite direction to
point 2.

Whatever has been said about the relation between the potential
difference between the plates and the distance the spot moves towards
point 1, is wholly applicable when the spot moves to point 2. If you
could visualize a device whereby the voltage applied to the two plates
was automatically reversed at a very slow rate, you would see the
beam shift from position 0 to position 1, back through position 0 to
position 2.

At this time we want to call to your attention one very significant
fact. A large number of men who have viewed the deflecting plates
within a cathode-ray tube have been confused about the mode of deflec-
tion. The electric field existing between these plates is like the
electric field existing between the plates of a two-plate condenser. (As
a matter of fact a certain amount of capacity exists between the plates of
a pair of deflecting plates.) The electric field exists perpendicular to
the plane of the plates, so that the plates which ate horizontal with
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respect t0 the front of the tube, cause the vertical deflection. The
motion of the beam is parallel with the electric field. This is shown
in figure 9B. The term “vertical deflection plates” refers to the
motion given to the beam and the spot by those plates, with respect to
the normal position of the tube, and not to the orientation of the plates
with respect to the normal position of the tube. As a matter of fact,
. the plane of the plates is at right angles to the axis of the beam and
spot movement.

Now for the horizontal deflection plates. Examine figure 9C. DP-1
and DP-2 are these two plates; their position in the tube with respect
to the vertical deflection plates is such that they are closer to the view-
ing screen. The illustration of the tube in 9C, has been shifted slightly
from the normal, in order to show the shifting of the beam. If this
were not done, the three positions of the beam would fall atop each
other, and the three spot positions 0, 1 and 2, would be in the same
straight line. The operation of these plates is like that previously
mentioned; that is, attraction of the beam by the positively charged
plate and repulsion of the beam by the negatively charged plate is just
as in the case of the vertical deflection plates. However, in this in-
stance, the spot moves in a plane which is at right angles to the spot
motion shown in figure 9A.

If deflector plate DP-1 is positive with respect to plate DP-2, the
spot would move from spot O to position 1, spot 0, being the normal
position without any potentials applied to the deflector plates or with
equal distribution of the charges to both plates. The pull towards
plate DP-1 is away from the reader and is the furthermost end on the
screen. If the polarity of the charges is reversed, so that DP-2 attracts
the stream, the beam is pulled towards the reader, and the spot moves
to position 2. The relation between the plane of the plates, the direc-
tion of the electric field and the motion of the beam and spot is shown
in figure 9D. Once again the motion of the beam is at right angles
to the plane of the plates. )

There are other important facts which we wish to call to your
attention. The first is that the placement of the deflecting plates is
such that the beam is acted upon first by the vertical deflecting plates.
In other words, the first displacement of the electron beam, for normal
operation of the tube, is the vertical displacement. Then the horizontal
field or force acts upon the beam. The second significant fact, one
which you will have occasion to remember, is that displacement of the
beam from its normal axis of travel results in displacement of a SPOT.
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The third significant fact is that the concentrated beam moves as a
single unit. The electron stream is not broken up into groups of
electrons. It is deflected as a beam, terminating in a single spot. If
your imagination is sufficiently great, you can visualize deflection of a
single SPOT. If you consider the screen only and forget about the
deflection of the electron beam, the application of the deflection voltage
causes the motion of a SPOT.

Let us carry this a bit further, Examine figure 10. The circle
indicates the viewing screen. The positon of the tube is such that

Figs. 10, 11, 12, 13. The circles indicate the viewing screen of a cathode-ray

tube. The dots, numbered 0 to 7, show the successive positions of the spot

formed by the electron beam when it strikes the screenm and various voltages

are applied to the deflecting plates, the voltages from the battery, B, being

controlled by a potentiometer, P, and their values being read by the
voltmeter, V.

plates DP-1 and DP-2 constitute the vertical deflectors. The other pair
of plates are the horizontal deflectors, to be considered later. B is a
battery of say 100 volts. P is a potentiometer, with which it is pos-
sible to apply a d-c. voltage of from 0 to 100 volts in small increments.
The meter V, indicates the voltage existing across the vertical deflector
plates. The voltage across V, therefore across the plates, is zero when
the potentiometer control is to the extreme left, and maximum when
the potentiometer control is to the extreme right.

The dots, bearing numbers from 0 to 7, indicate the relative positions

of the spot. The spot, when viewed upon the screen, will move to-
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wards DP-1, because that electrode is positive with respect to DP-2,
for any setting of the potentiometer P, other than the zero setting.
Seven uniform increases of the P adjustment will cause the shifting of
the spot from 0 to position 7. If you would vary P at an extremely
slow rate, you would note a steady spot, of uniform intensity and size,
vary its position, although always remaining a spot, from point 0 to
point 7. If you moved the potentiometer adjustment fast, a spot of
light would move across the screen. If you stopped at any one
point, the image upon the screen would be a stationary spot at some
point, between position 0 and position 7. At no time can the spot
move closer to plate DP-2 than positon 0, because at no time does
a difference of potential exist which makes plate DP-1 negative with
respect to plate DP-2.

Suppose that we reverse the voltage, as in figure 11. Now, plate
DP-1 is negative and plate DP-2 is positive. The d-c. voltage supply
source is the same battery B. The voltage control unit is still the
potentiometer P and the voltage indicator is the voltmeter V. Now
we find that the beam and spot move towards the plate DP-2, since
potential difference between the two plates is such that the electron
stream is deflected towards DP-2. Since the maximum potential dif-
ference between the two plates is the same as before, the spot moves
the same distance for the same swing of the potentiometer control, but
in this case, the beam and spot move in the opposite direction.

It should be understood that while only seven spot positions are
shown, it is conceivable that the number of spot positions is limited
solely by the diameter of the spot and the potential difference existing
between the two vertical deflector plates. In other words, the spot can
be placed at the extreme limit of the viewing screen, which would place
it at the edge of the circdle. For that marter, if the deflection voltage,
that is the potential difference between the two plates, is sufficiently
great, the spot would be moved off the screen. Furthermore, the spot
positions shown do not limit the positioning of the spot to that exact
location. The blank space between the positions indicated may be
occupied by a spot, if the potential difference, that is, the adjustment
of the potentiometer P, is such that the voltage required to place the
spot at that position exists. Each increment of voltage will move the
spot to another position.

The arrows indicate the direction of the deflection. The variation
of the potentiometer P, in figures 10 and 11, under normal circum-
stances would move the spot in a straight line from the center of the

\
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screen to its limits. Naturally, a voltage, which tends to move the
spot off the screen, is excessive, for it is only upon the screen that we
see the spot, since luminosity exists only at the point where the beam
of electrons strikes the fluorescent material.

What is true about the vertical deflector plates is applicable to the
horizontal deflector plates, as shown in figure 12. The voltage source
is the same as before. However, now the potential difference is
established between the horizontal deflector plates. With DP-1 posi-
tive with respect to DP-2, the beam is going to be attracted by deflector
plate DP-1 and the spot moves in the direction of the arrow. The
exact positioning of the spot is determined by the potential difference
as previously described. If we reverse the polarity of the voltages
applied to the two horizontal deflector plates, as in figure 13, wherein
DP-2 is positive with respect to DP-1, the beam will be attracted
towards DP-2, and the spot will move in the direction of the arrow.

Fig. 14. By connect-
ing one vertical de-
flecting plate to the
mid-point of the bat-
tery and the other to
the arm of a potentio-
meter, P, connected
across the battery,
the polarity of the
plates may be re-
versed and the spot
may be moved to any
position in the ver-
tical direction.

The spol moves oéwg the
\/-5:/3 of the fobe.

|4
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What will happen if the potential difference applied to the two
vertical deflector plates undergoes a change in polarity? Suppose that
we arrange a citcuit such as shown in figure 14. Here the battery and
potentiometer circuit is arranged so that by moving the arm of the
potentiometer P, we can reverse the polarity of the voltage applied to
the two deflector plates. With the potentiometer arm set to the mid-
point and the battery tapped at its mid-point, the potential difference
between the two plates is zero, hence the spot occupies the position
designated as 0. If the arm is moved to the extreme left position, the
plate DP-1 is made maximum negative with respect to DP-2, and the
spot moves towards DP-2. If, however, the pctentiometer arm is
moved to the extreme right, DP-1 is made positive with respect to

DP-2 and the spot moves towards DP-1. Therefore, by moving the
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potentiometer arm between its limits we can cause the spot to move
across the viewing screen in a vertical direction to limits which are
prescribed by the voltage difference existing between the two plates,
which limits are determined by the positon of the potentiometer arm.
Starting at the mid-point, the spot would move, say from 0 to 7 in the
upward direction, back to 0 in the downward direction and continue
downward to 7 and then return to 0, when the arm is again brought
to rest at the mid-point on the potentiometer resistance. The dash-
line in figure 14 represents the horizontal deflector plates.

Fig. 15. The hori-
zontal positioning of
the spot is accom-
plished in the same
way as it was moved
vertically in Fig. 14,
Note that in this
and other figures
the seven spots in-
dicate ANY posi-
M'er}'m' tions of the beam’s
- +  trace in the direc-
15 tions indicated.

The spol moves along He
XA/:;.; of the fobe.

What is true about the vertical deflector plates is true about the
horizontal deflector plates, as shown in figure 15. In figures 14 and
15, the active plates are those which are shown as solid lines. By
swinging the arm of the potentiometer P, we can cause the spot to
traverse the screen in the horizontal direction, as shown by the position
of the dots in figure 15. Once more we repeat that the seven dots
representative of spot positions do not signify that the total number
of spot positions is seven each side of the O position. These are
purely illustrative of what represents a movement of the fluorescent
spot position along the horizontal axis, which incidentally is known as
the “X" axis of the tube. The vertical axis, as shown in figure 14, is
known as the “Y"" axis of the tube.

Let us now consider the possible range of spot positioning, with
respect to the complete viewing screen. Up to the present time, we
have considered but one deflecting force applied to the beam which
passes between the two sets of deflecting plates. From now on we
shall work with two sets of deflecting voltages, one voltage applied
to one set of plates and another voltage applied to the other set of
plates. As before, we are employing d-c. voltages secured from bat-
teries, with the voltage controlled by means of a potentiometer. As
far as the source of voltage is concerned, the d-c. power supply can be
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used with equal facility, just so long as a variable control of the actual
voltage applied to the plates is available.

Suppose that we start with figure 16. Here we see two voltage
sources VB and HB controlled by two potentiometers, VP and HP.
The letters V and H designate vertical and horizontal in all places
where they are mentioned. These voltages are applied to the vertical
and horizontal deflector plates, respectively, with the polarity shown.
Now, if we considered each of these separately, the influence of the
voltage applied to the vertical deflector plates VDP-1 and VDP-2
would tend to cause the spot to move towards VDP-1 and occupy posi-
tions as shown by the circles marked 1V, 2V, 3V, 4V, etc., moving in
the direction of the arrow marked V. If we considered the horizontal
deflection separately, the position of the spot would be along the direc-
tion of the arrow H, or the circles 1H to 7H. However, both forces
are acting at the same time and they are acting upon the beam at right
angles to each other, so that the spot moves in accordance with the
deflecting force exerted by BOTH voltages. If the voltage applied to
the vertical plates is such as to move the beam to the position 1V and
the voltage applied to the horizontal deflectors is such that it normally
would move the beam to create a spot at 1H, the combined force shifts
the spot to the positon indicated by the solid dot 1. If you examine
the position of this dot, you will find that displacement along the *'Y"

HB
Fig. 16. Applying positive voltages to the plates VDP-1
and HDP-2 by means of the batteries and potentiometers,
the beam’s spot can be placed ANYWHERE in quadrant
A, see Fig. 16-A. The solid spots, 1 to 7, indicate the re-
sultant positions of the beam’s spot, when acted upon by
the white dots 1V to 7V and IH to 7H respectively.

axis, that is the vertical axis, is the same as for the vertical deflection,
without any horizontal deflection, and that its displacement from its
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basic position along the “X" axis that is, the horizontal axis, is the
same as for the horizontal deflection, without any vertical deflection.
If the individual voltages, with the polarities shown are such as to
cause the basic 2V and 2H deflections, the resultant deflection sets
the spot at the position, solid dot 2. The same applies to the other
positions of the horizontal and vertical deflections, which are produc-
tive of the solid dot positions 3 to 7.

Now, from what has been said, it should not be a difficult matter
to comprehend the placement of the spot as a result of the combined
deflection in any position of the quadrant A. (By quadrant is meant
a fourth part of the area of a circle.) However, since the viewing
screen surface is not perfectly flat and since the entire portion of the
screen is not suitable for use, we have shown a square area within this
quadrant as being the useful area. To expedite comprehension, see
figure 21. Examine quadrant A'. Here you find positions of the
beam spot for vertical and horizontal deflecting forces, when the
polarity of the voltages applied to the deflecting plates is as shown in
figure 16. If the vertical deflection voltage is varied in equal steps
from 1 to 7 and the horizontal deflecting voltage is kept constant at
1 unit, the spot will occupy the positions shown by the line parallel to
the “Y” axis and terminating in the 1H unit designation on the “X”
axis. If on the other hand, the vertical deflection is kept constant at
1 unit and the horizontal deflection is varied in steps of one unit
through the illustrated range of 7 units, the spot will occupy the posi-
tions shown by the line which runs parallel to the “X" axis. For the
sake of illustration, to show that the positions selected are purely arbi-
trary and that the spot may occupy any position in this quadrant, we
show the position of the spot for a vertical deflection of 314 units and
a horizontal deflection of 5% units. From what has been said you
can understand how it is possible to show the useful area in “A”
quadrant of figure 16-A, filled solid.

The selection of the quadrant “A”, and the position of the spot in
figures 16 and 16-A, is not one of choice or preference. It depends
upon the polarity of the voltages applied to the plates. In geometry
there are four quadrants in a circle. If this circle is divided by two
reference lines, a vertical reference line, the “Y" axis, and a horizontal
reference line, the "X axis, four areas are available in the complete
circle. One of these is the area to the right of the "Y” axis and
above the "X axis. Another is the area to the left of the Y axis
and above the "X axis. Still another is the area to the left of the
meering this quadrant would be designated as quadrant I. References are

made to quadrants B, C and D. These are also designated as quadrants II, IIT and IV,
respectively,
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"Y" axis and below the “X" axis and the last is the area to the right
of the "Y" axis and below the X" axis. To produce a deflection in
the “"A” quadrant, the upper vertical deflection plate VDP-1 is positive
with respect to its associated plate and the right-hand horizontal deflec-
tion plate HDP-2 is positive, with respect to its associated plate HDP-1.

VDP-1

Fig. 17. Positive voltages being applied to plates VDP-1

and HDP-1 will position the spot anywhere within quad-

rant B, see Fig. 17-A. Note that the change effected from

Fig. 16 is the reversing oflthe polarity of the horizontal
plates.

If you now refer.to figure 17 and examine the polarity of the voltages
applied to the various plates, you will find that the upper vertical
deflection plate VDP-1 is still positive. However, the left horizontal
deflection plate HDP-1 is now positive. Displacement of the beam
spot takes place exactly as before, but in this instance, the horizontal
motion is towards the left horizontal deflection plate, and the resultant
displacement of the vertical and horizontal voltage forces places the
active area of the spot position in the “B” quadrant. This is shown
in figure 17-A. The actual forces acting upon the beam are the same
in figures 16 and 17, as illustrated by the identical arbitrary units indi-
cated upon the drawing, except that the direction of the horizontal
deflection is different. With the polarities shown in figure 17, the
application of various d-c. voltages, will position the spots in the “B”
quadrant in figures 17-A and 21.

By changing the polarity of the various voltages, we can position
the beam spot below the horizontal reference line or “X” axis. This
is shown in figures 18 and 18-A, where by properly arranging the
polarity of the voltages applied to the deflection plates, we position
the spot to the left of the vertical reference line, or “Y" axis, and below
the horizontal reference line or “X” axis. This places the spot in the
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“C" quadrant and the active area is indicated by the solid pattern in
figure 18-A. The action of the various deflection forces is identical
to that explained in connection with figure 16, except for the fact
that since the polarity is different, the position of the spot will be dif-
ferent than in figure 16. As far as displacement of the spot is con-

cerned with respect to the unit forces, that is the same in all cases.
See figure 21.

HDP-1  HDP-2
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Fig. 18. To position the spot anywhere within quadrant C,

the plates VDP.2 and HDP-1 are made positive with respect

to their respective plates. See Fig. 18-A for the area
covered in this particular case.

HORI  HDP-2
I+

VOP-1
YOP-2

Fig. 19. The positions of the beam’s spot are within

quadrant D, when plates VDP.2 and HDP-2 are made

positive with respect to VDP-1 and HDP-1 respectively.
See Fig. 19-A for the portion of the screen covered.

You will note that to change the positioning of the spot with respect
to the vertical reference lines, shown in figures 16 and 17, all that is
required is the changing of the polarity of the horizontal deflection. In
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other words, to swing from quadrant “A” to "B”, all that is required
is a change in the polarity of but one deflecting force, the horizontal
deflection. To change from quadrant “B” to quadrant "C”, shown in
figure 18-A, the polarity of the vertical deflection is changed, whereas
the horizontal deflection plate polarity remains as before. From what
has been said so far, it is obvious that to position the spot below ot
above the horizontal reference line, or X’ axis, the vertical deflection
plate polarity must be changed and to position the spot to the right or
to the left of the vertical reference line, or “Y" axis, the horizontal
deflection plate polarity must be changed.

Placement of the spot in the fourth or "D” quadrant is shown in
figures 19, 19-A and 21. As far as the resultant displacement of the
vertical and horizontal forces is concerned, that which was said in con-
nection with figure 16 is applicable to figure 19, bearing in mind, of
course, that the direction of the displacement has been changed.

20

vP

AW

HP

b

Fig. 20. Above is shown a composite diagram of Figs. 16, 17, 18 and 19. The

polarities of the plates are indicated adjacent to the lines of spots, which

caused them to assume the positions indicated. Fig. 20-A shows the useful
area of the screen within which the beam’s spot can be placed.

Consolidating figures 16, 17, 18 and 19 and also figures 16-A, 17-A,
18-A and 19-A, we obtain figure 20. 'This illustration shows two

sources of voltages (d-c.) for the deflecting plates. Each of these
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voltage sources is of the type whereby the polarity of the voltage ap-
plied to each set of deflecting plates may be changed, similar to figures
14 and 15. With proper adjustment of the potentiometers, VP (ver-
tical plates) and HP (horizontal plates), the potential difference
between each set of plates is substantially zero and the spot occupies
the position indicated by the large circle with the dot in its center.
Radiating from this center position are the basic vertical and horizontal
deflection spot positions, indicated by circles. These spot positions
exist when no other force, acting at right angles, is existent. The direc-
tion of the deflections, as has been stated upon several occasions, is
dependent upon the polarity of the voltages applied to the deflector
plates and the distance that the spot moves from its normal center
position depends upon the potential difference between the plates.
The greater this difference, the greater the distance that the spot moves
from the center.

When voltages are applied simultaneously to both sets of plates so
that the electric field set-up between each set of plates acts upon the
beam, the displacement of the spot is determined by the two forces
acting at right angles. The direction of this displacement is determined
by the polarity of the voltages applied to the plates and the extent of
the displacement of the spot from its normal center position is deter-
mined by the strength of the fields or forces. For uniform voltages
applied to the both sets of plates with the polarity shown, the spot is
caused to occupy the positions indicated by the solid dots. The position
of the spot with respect to the quadrant is determined by the polarity
of the voltage applied to the plates, just as in the case of the original
spot position. Thus, if the vertical deflector plate VDP-1 is positive
and the horizontal deflector plate HDP-2 is positive, the spot will be
in quadrant A. If VDP-1 is positive and HDP-1 is made positive, the
spot will be in quadrant B. If HDP-1 is positive and VDP-2 is posi-
tive, the spot will occupy a position in quadrant C. If VDP-2 is
positive and HDP-2 is positive, the spot will occupy a position in
quadrant D. - The spot positions shown in solid dot form indicate the
maximum displacement in all directions for uniform voltages applied
to each set of plates. ‘The furthermost spot in each quadrant consti-
tutes the four boundaries of a square, which represents the active useful
area within which a spot could be positioned by the application of the
proper potentials to the two sets of plates. This active area is shown
by the solid portion in figure 20-A. For any voltage applied to the
horizontal and vertical deflector plates, within the limits dctermined by
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the maximum values governing the boundary of the active area, the
spot would occupy some position within the solid square of figure 20-A.

If we varied potentiometer VP through its entire range and varied
potentiometer HP through one-half of its range, so that horizontal
deflector plate HDP-2 always remained positive with respect to its
associated deflector plate HDP-1, the spot would be placed within the
solid square of figure 20-A, to the right of the “Y” axis, ot to the
right of the line Y-Y'. If we varied the potentiometer VP through
its range and varied potentiometer HP through one-half of its range,
so that horizontal deflector plate HDP-1 was always positive with
respect to its associated horizontal deflector plate HDP-2, the spot
would be positioned within the active area to the left of the Y-Y’ line,
which is half of the square shown in figure 20-A. By the application
of proper voltages, we can place the spot, within the upper half of the
solid square shown in figure 20-A, or within the active area above the
“X" axis, or above the X-X’ line. The same is true of the area beneath
the X-X’ line. By operating both VP and HP through their complete
ranges, we can cover the entire active area.

Persistency of Vision

At this time it is imperative to bring one pertinent fact to your
attention. You have read repeated references to SPOT positions.
While these may have appeared repetitive and perhaps superfluous,
the frequent references were premeditated. We want to impress upon
you that the electron beam causes a fluorescent spot to appear upon the
screen at the point where the beam strikes the screen. Irrespective of
the nature of the voltage impressed upon the deflecting plates, it is
only a single spot which appears upon the screen. It is this SINGLE
SPOT which is caused to move as a result of the deflecting voltages.

You who read this page may have seen an image upon the cathode-
ray oscillograph viewing screen. Just how simple or complex the image
was, you alone know. Yet, no matter how complex the image, it was
made by a single spot in motion. Do not confuse the solid areas in
figures 16-A, 17-A, 18-A, 19-A and 20-A as being a spreading out of
the beam as a result of the deflecting voltages and the generation of a
fluorescent spot which covers the active area. By proper manipulation
of the two deflecting voltages shown in figures 16 and 16-A, it is
possible to make the active area, shown as a solid black drawing in
figure 16-A, a fluorescent area, yet it would not be due to the spreading

of the beam, but to the fact that THE NATURE OF THE MANIPU-
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LATION OF THE VOLTAGES WOULD BE SUCH AS TO CAUSE

THE BEAM TO SHIFT ITS POSITION BY SMALL INCREMENTS
AND TO PRODUCE A FLUORESCENT SPOT WHICH WOULD
APPEAR PERIODICALLY AT EVERY POINT IN THAT ACTIVE
AREA. THE REPEATED APPEARANCE OF THE SPOT IN
EACH OF THE RESPECTIVE POSITIONS DETERMINED BY
THE VOLTAGES EXISTING AT THAT INSTANT WOULD
CREATE THE ILLUSION BY PERSISTENCE OF VISION, AND
WHILE IT IS TRUE THAT THE FLUORESCENT SPOT EXISTS
AT ANY ONE POINT FOR A VERY SMALL FRACTION OF AN
INSTANT, IT SEEMS TO THE OBSERVER AS IF THE ENTIRE
ACTIVE AREA IS MADE FLUORESCENT BY A SPOT SUFFI-
CIENTLY LARGE TO COVER THE AREA.

This persistency of vision is an optical illusion, created by the limita-
tion of the eye to respond to changes which occur faster than a certain
rate. Perhaps you may recall some of your pranks of childhood. Do
you remember placing some buming wood or glowing coal into a
metal container, usually an old discarded canned-soup container? This
container with the glowing embers was attached to a string. You
would then rotate the can at the end of the string at arm’s length so
that it described a circle. You no doubt recall the ring of fire which
was visible as this glowing can was swung around and around. The
ring of fire was nothing more than an optical illusion, for you well
know now that at any one moment the can was occupying some position
along the circumference of the circle you described. But the speed of
movement of the can and the inability of the eye to spot the can at any
one position, because of its rate of travel, caused the optical illusion,
described as persistence of vision. You thought you saw a ring of
fire. All that you really witnessed was the movement of the glowing
can from point to point along the circumference, but its course of
travel appeared as a continuous circle. The every-day motion picture
is an optical illusion. While the eye sees continuous motion, what
really happens is the presentation of a series of still pictures, each of
which is stationary for a very short time, usually 1/16th of a second.
The eye cannot follow change at this speed, hence the motion appears
continuous.

This illusion of persistency of vision (discounting screen retentivity,
which shall be described elsewhere) is the basis for the observation of
phenomena with the cathode-ray tube. If we arranged the two poten-
tiometers. VP and HP in figure 20, to be motor driven over their com-
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plete ranges, the entire active area shown in black, in figure 20-A,
would appear fluorescent upon the viewing screen. The electron beam,
displaced as a result of the voltages applied to the two sets of places,
would trace and retrace a number of spots as shown in figure 21. This
pattern would appear if the potentiometer were arranged to change
the voltage in steps of seven units cach side of the zero position. If,

Fig. '21. Although the examples of the

spot’s positioning are given for quadrant A,

it should be understood that the same

reasoning applies to any of the four quad-

rants. Compare this illustration with Figs.
20 and 20A.
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however, the voltage applied to the plates changed in very small incre-
ments, the spot would appear so close to the previous position that
when recurrent at a rate, say 16 to 20 times per second, the entire
active area would appear fluorescent.

By the same token, if the potentiometer P in figure 14 were motor
driven, so that the spot would move faster than 16 times per second
and the potentiometer unit was a continuously variable resistor, the
trace of the spot would appear as a line or image, instead of a series
of individual spots. The same is true of figure 15, or for that matter,
any variation in position of the spot, which would occur at a rate fast
enough to create the optical illusion of persistency of vision.

From what has been said and as will be shown later, you must com-
prehend that displacement of the electron beam results in displacement
of a SINGLE SPOT and that it is this single spot, moving over the
screen, which appears as the image. No matter how complex you may
find the image, always remember that the pattern is being traced by a
FLUORESCENT SPOT WHICH MOVES ACROSS THE SCREEN.

Referring to figure 20, if potentiometers VP and HP are varied very
slowly but at a constant rate, it is possible to follow the movement of
the SINGLE SPOT over the screen. With seven steps of voltage varia-
tion, the spot positions upon the screen would appear as in figure 21.
With the horizontal deflection voltage kept constant, that is with HP
set at one point and left there, and sufficiently rapid variation of the
vertical deflection potentiometer VP, which means sufficiently rapid
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variation of the vertical deflection voltage, any one of the columns of
the dots, parallel to the vertical reference line, that is the Y axis,
would appear as a straight line, instead of a series of dots. If the
vertical deflection voltage were fixed and the horizontal voltage were
varied at a sufficiently rapid rate and the variations made recurrent,
any one of the horizontal line of columns, representative of the dis-

placement due to the voltage applied, would appear as a straight line,
instead of a series of dots.

Positioning of the Spot

From what has been said thus far, you can no doubt appreciate that
by the application of a fixed voltage from a battery, it is possible to
position the spot wherever desired. We have mentioned time and
again that under normal conditions, with zero potential difference
between the plates of each pair of deflector plates, the normal position
of the spot is at the center of the screen. Now it is possible that for
some reason, it may be desirable to place the normal position of the
spot somewhat off-center, above or below the horizontal reference line,
or “"X" axis, or to the right or left of the vertical reference line, or
"Y” axis. This can be done by the application of a fixed potential
from a battery of the value required to position the spot as desired.
This battery voltage may be a few volts, or perhaps ten or twenty
volts, or as great as may be desired.

Such positioning of the spot may be employed for normal operation
of the tube, that is with varying voltages applied to the tube. The
positioning voltage has no bearing upon the actual application of the
tube. It is used essentially to position the spot as desired. In some
instances, due to a defect in the tube, stray voltages, etc., the normal
position of the spot is not in the center. To center the spot properly,
the positioning voltage is applied to the horizontal or vertical deflec-
tion plates, as required. The method of applying such voltages for
proper positioning of the spot during application of the tube for the
observation of varying voltage phenomena, is described elsewhere in
this volume.

Commercial cathode-ray units are equipped with spot centering con-
trols, known as “X” and “Y” position controls, whereby it is possible
to locate properly the spot as desired. These adjustments are usually
on the side or to the rear of the unit's housing and are of the screw
type, since once adjusted they do not require further manipulation.
They are incorporated to enable proper centering of the spot, when
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tubes are changed. Often, a replacement tube may not have its deflect-
ing plates exactly as in the tube previously used and the normal position
of the beam may be slightly off center, hence the spot will be off center.
Adjustment of these controls enables proper centering. In some in-
stances, some of the units have but one adjustment, that which is along

Fig.22.Thetwo
arrows at the
upper side of
the oscillo-
graph’s chassis
indicate the lo-
cations of the
two controls
for centering
the beam’s spot
horizontally
and vertically

the "X axis, but it is becoming more common to provide both center-
ing controls. Figure 22 shows the spot positioning controls’ locations
on a commercial oscillograph.

Varying Voltages Applied to Deflector Plates

Up to the present time, we have devoted our attention to deflection
of the electron beam by means of d-c. voltages applied to the vertical
and horizontal plates. Let us now consider the application of varying
voltages, such as a-c. potentials. What is the effect of such voltages
when applied to the deflecting plates?

In the first place, the process of deflection is exactly as before, that
is, with d-c. voltages. The displacement of the beam from its normal
center position is again a function of the field strength existing between
the two plates of each pair of deflection plates. However, when speak-
ing about a-c. voltages, you have been accustomed to working with
r.m.s or root mean square values, as indicated upon the every-day a-c.
voltmeter. The deflection in the cathode-ray tube is determined by the
peak voltage, which is 1.414 times the r.m.s value.

As in the case of the previous examples, the displacement of the spot *
from its normal center position is a measure of the voltage difference
existing between the two plates of a pair, be they the vertical or the
horizontal deflection plates. An a-c. peak voltage of 10 volts will
displace the spot or deflect the beam the same distance each side of the
center position, as d-c. voltage of 10 volts applied in both directions, as
shown in figures 14 and 15. If the nature of the a-c. voltage is such
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that the amplitude of its alternations is not equal, then the displace-
ment of the spot both sides of the normal center position along the
vertical or Y axis will not be the same, but will be in accordance
with the peak voltage of the alternations.

There is one other significant fact which must be mentioned in con-
nection with varying voltage applied to the deflection plates. In actual
practice, the image which will appear upon the viewing screen will be
a line image or pattern, because, as a general rule, the frequency of
these varying voltages is too high to allow observation of the motion
of the spot from point to point along the screen. However, for the
sake of illustration and, we hope, clarity of comprehension, we shall
employ, in a few examples, varying voltages of very low-frequency and
imagine that the travel of the spot is discernible by the naked eye.

Suppose that we apply a very low-frequency a-c. voltage to the
vertical deflector plates of a cathode-ray tube. Suppose that the fre-
quency of this a-c. voltage is 1 cycle per second. This cycle is shown
in figure 23. Since only one force is acting upon the electron beam,

Fig. 23. The change in polarity of an a-c. voltage sine wave, when connected

to the vertical deflection plates, will cause the spot to assume the positions

indicated by the series of vertical dots. No voltage is impressed on the
horizontal deflecting plates.

Fig. 24. Tke solid line along the vertical axis, Y-Y', is the actual trace made
when a sine wave is impressed on the vertical deflecting plates with no voltage
on the other pair of plates.

the field set up by the applied deflecting voltage is determined by the
instantaneous amplitude of this applied voltage. The normal position
of the spot is indicated by the dot within the citcle in the center of the
screen. The applied voltage starts at zero and increases in one direc-
tion until maximum is reached. We shall assume that the polarity of
this alternation is such as to make VDP-1 positive with respect to
VDP-2, so that the beam and spot move upward. As the voltage
increases, the spot moves through the various positions shown, until it
reaches its maximum position when the peak of the alternation, or half
circle, is reached. Then the downward half of this alternation starts,
and the spot moves downward towards its initial starting position,



THE THEORY OF THE TUBE 43

which is reached when the first alternation is completed and the a-c.
voltage is zero. Now the alternation starts in the opposite direction,
making plate VDP-2 positive with respect to VDP-1, so that the beam
is deflected downward and the spot moves in that direction. As the
downward alternation increases in amplitude, the spot moves further
and further away (down) from its normal center positon until it
reaches its furthermost point when the peak amplitude is reached. Then
as the voltage starts to decrease, that is the last quarter of the complete
cycle is occurring, the spot moves back (upward) towards its initial
starting point, until it is again in the middle of the screen, when the
a-c. voltage is zero.

The foregoing is the basis for the line image shown in figure 24.
In normal practice the frequency of the varying voltages applied to the
plates is such that it is impossible to see the spot moving from point
to point. Instead, the recurrent action of the a-c. voltage causes the
spot to trace and retrace its path at such speed that the illusion of
persistence of vision is created and we see a solid line pattern. Now,
you may wonder, why the initial a-c. voltage is represented as a wave,
whereas the image upon the screen is but a straight line. The reason
for this is that the original voltage waveform is illustrated as possessing
displacement along both the “X” and “Y” axes. In other words, the
original voltage is shown as possessing amplitude with respect to time.
The image upon the cathode-ray tube, however, possesses only ampli-
tude, since the beam is displaced along its “'Y"" axis only. Incidentally,
when operating the cathode-ray tube in practice, you will find that the
image, which will appear when an a-c. voltage is applied to the vertical
plates without any deflection applied to the horizontal plates, will be a
single straight line, like that shown in figure 24.

What is true about the vertical plates is true about the horizontal
plates. If a varying voltage of very low frequency is applied to the
horizontal plates without any vertical deflection and if this frequency
is sufficiently low, so that movement of the spot may be observed, we
would observe the positioning of the spot as shown in figure 15. If
this frequency would be too high for observation of the travel of the
spot, a straight line, without any vertical displacement, would be seen
upon the screen.

If you will examine figure 24, you will note that the line image
appears in the center of the tube, along the “Y" axis. If desired, it is
possible to place this line either to the right or to the left of the “Y”

axis, Dy the use of a spot positioning voltage. The same is true of
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the horizontal deflection. By means of a spot-positioning battery or

adjustment of the spot-positioning control available with most cathode-

ray units, it is possible to place the horizontal line image above or
below the "X axis.

Magnetic Deflection

All of the comments made thus far concerning deflection of the
electron beam referred to the application of voltages to the deflecting
plates. The beam may also be deflected by means of a magnetic field,
by placing the electron beam under the influence of a magnetic field.
The magnetic field is created by means of a pair of coils located out-
side the tube near the neck. The extent of the deflection is determined
by the strength of the magnetic field, which in turn is determined by
the current flowing through the deflecting coils.

In contrast to electrostatic deflection, electro-magnetic deflection
does not require deflection plates. This does not mean that cathode-
ray tubes, which were originally designed for electrostatic deflection
and contain deflection plates, cannot be used for electro-magnetic de-
flection. However, the application of magnetic deflection to such
tubes is not the most ideal arrangement.
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The two coils connected in series (th. 244) are shown in their positions

relative to the plates of the tube (Fig. 24R). The displacement of the beam

due to voltage across plates is perpendicular to the displacement due to
current flow through the coils. (Fig. 24C.)

The fact that deflection plates are contained in the tube is of no
consequence. The deflection coils are used just as if the tube did not
contain any deflection plates. The deflection voltages are applied to
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the coils, instead of to the plates. Deflection in each direction re-
quires two coils, as shown in figures 24-A and 24-B. The field exists
between the coils. Orientation of the coils provides deflection in the
proper direction. Deflection in the vertical direction requires two
coils and deflection in the horizontal direction requires another pair
of coils. The action of the magnetic field upon the electron beam is
at right angles to the direction of the magnetic field. In other words,
if the direction of the magnetic field is along the X" axis of the tube,
the deflection of the beam is in the vertical direction, or along the
“Y" axis. Conversely, if the direction of the magnetic field is along
the “Y" axis, the displacement of the beam is along the X" axis.

Examine figure 24-B. Note the positions of these coils. If we
assume that the tube is so positioned that the face of these coils is
parallel to what would be the vertical deflection plates, the flow of
current through the coils would cause displacement of the spot along
the “X" axis, instead of along the *'Y” axis, which would be the case
if a voltage were applied to the two plates. This is shown in figure
24-C. Simultaneous displacement of the beam in two directions re-
quires four coils, arranged in two pairs of two each. The two coils of
each pair are connected in series, as indicated in the case of the one
pair of coils in figure 24-A.

The actual deflection of the beam can be accomplished with direct
current or with alternating current. If direct current is used, the
magnetic field created is constant as long as the direct current is flowing
through the windings. The result is displacement of the spot to a
distance determined by the strength of the current, and in a manner
(not direction) which obtains when a d-c. voltage is applied to the
deflection plates.

When alternating current is caused to flow through the deflection
coils, the field is varying and the spot traces an image across the screen,
just as if an a-c. voltage were applied to the proper set of plates to
cause a trace in the same direction.

There are certain disadvantages to the use of magnetic deflection for
routine operations such as we cover. First is the limitation of fre-
quency. Coils which are suitable for deflecting the beam in high-
voltage, high-vacuum tubes must of necessity have quite a large
number of turns in order to provide the required number of ampere-
turns, bearing in mind the relatively low signal voltages found in
practice. Such coils would possess a high value of inductance and,
consequently, would be suitable for use over the low audio band. At
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higher frequencies, the reactance and impedance of the windings would
materially impair the operation of the unit.

Deflection coils arranged in pairs and so built into a unit are
available for certain uses ready to use with the usual cathode-ray tube.
The neck of the cathoderay tube slides through an opening of the
housing containing the four coils, as shown in figure 24-D. A metal
strap located to the rear of the housing and attached thereto can be

Fig. 2¢4D. Magnetic deflection apparatus. The circular housing contains the

four coils, which are brought close to the tube’s neck when it is inserted in

the opening. The lead at the rear connects the tube’s base to its socket in
the oscillograph so that its power supply unit can be used.

fastened around the neck of the tube, keeping it rigidly in place. The
cable and plug arrangement connects the cathode-ray tube to its
respective terminals at the socket contained in the conventional cathode-
ray oscillograph. The connecting terminals to the deflection coils are
mounted upon the coil housing.

We want to take this opportunity of stating that while we say that
magnetic deflection is not as satisfactory as electrostatic deflection, we
are referring in particular to the 3-inch and 5-inch tubes intended for
electrostatic deflection and for applications to problems in the radio
receiver field, amplifier design and servicing and for “ham’ transmitter
adjustment. We recognize that certain cathode-ray tubes have been
designed for magnetic deflection only, such as the RCA 903, and that
magnetic deflection has its field of utility, but when viewed from the
practical angle, with respect to our problems, we cannot come to any
but the conclusions which have been voiced.



CHAPTER 11
SWEEP CIRCUITS

The greatest amount of the discussion presented thus far concerned
the action of the deflecting fields upon the electron beam and the
positioning of the spot. We progressed through the application of d-c.
voltages to the vertical and horizontal deflection plates and have made
very brief mention of the application of a varying or a-<. voltage to
the deflection plates.

Now, the primary function of the cathode-ray tube as used in oscillo-
graphs employed in connection with radio receiver and amplifier design
and servicing, “ham” transmitter adjustment and other related activ-
ities, is the observation of a-c. phenomena of one type or another. The
first step then can well be an exposition of the spreading of the a-c.
wave, so that the waveform of a-c. and pulsating currents and voltages
can be examined by viewing the cathode-ray screen.

Investigation of electrical phenomena such as waveforms of voltage
and current with the cathode-ray tube, requires that some means be
available whereby the electron beam, which has been placed under the
influence of the phenomenon to be examined or observed, will be caused
to move also in accordance with a predetermined time base, because
investigation of electrical waveforms can be carried out only if one can
determine the variation in amplitude with respect to time. If such a
time base or sweep circuit is available, the pattern or image is given
two dimensions: one, time and the other amplitude.

The time base deflection must position the spot at a certain point upon
the screen, move the spot across the screen at a definite known rate
and instantly return to its original position to begin a new cycle. This
time base is referred to as the sweep voltage or sweep signal and the
rate at which it moves or sweeps across the screen is known as the
sweep frequency. Application of the term sweep seems quite appro-
priate, since its action is to sweep the beam across the screen. As a

general rule, the deflection representing amplitude is usually applied to
4
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the vertical deflection plates and the deflection representative of the
time is applied to the horizontal deflection plates. You can very easily
comprehend the absence of the time base, by examining figure 24.
While it is true that the deflecting force applied to the vertical plates
is that of an a-c. voltage wave, the image upon the screen is a single
straight line—of just one dimension. The time base is absent. Such
would be the image for any type of waveform applied to the vertical
deflection plates—until such time when a voltage providing the hori-
zontal deflection is applied.

To reproduce the original wave shown in figure 24, it is necessary
to apply to the horizontal deflection plates a voltage which will cause
the electron beam and resultant spot to move in accordance with the
amplitude of the wave and the instantaneous displacement with respect
to time. ‘The simplest means of illustrating this action is to apply an
a-c. wave to the vertical plates and to apply a varying d-c. voltage to
the horizontal plates. By arranging that the horizontal deflection takes
place at a definite time rate, we establish a known time base. If this
horizontal deflection be of a-c. character, and it were desired to estab-
lish a definite time base, a voltage of known frequency would be
applied. However, that is for later discussion. In the meantime, let
us sweep the beam across the "X axis, by means of rotating poten-
tiometer, thereby developing the time base.

Figure 25 illustrates a very low frequency signal, say 1-cycle, applied
across the vertical deflection plates, We select this frequency because
it enables observation of the motion of the spot. The horizontal voltage
is developed across the potentiometer P. This potentiometer is ar-
ranged in the form of a circle with a rotating arm. You will note that
contacts are provided and are numbered from plus 14 to 0 to minus 14.
You will have to visualize a2 minute jump which the arm makes as it
rotates and moves from the minus 14 to the plus 14 terminal. The
spacing between these two terminals will have to be assumed to be
extremely small, so that the time interval elapsing during the jump is
extremely small with respect to the time interval existing whén the
contact arm moves between the resistance steps or taps upon the poten-
tiometer arm. You must also assume that this contact arm is rotated
by a motor at a predetermined and constant speed.

The circles shown in figure 25 for the vertical and horizontal deflec-
tions indicate the spot positions during the deflection of the beam,
when only one deflection exists at one time. In other words, the
column of spot positions along the “Y" axis exists without the hori-
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Fig, 25. The sine wave at the left is impressed on plates VDP-1 and VDP-2
by the oscillator, giving spots 0 to 28 along the Y axis. The arm of the
potentiometer, P, makes one revolution in the time required to complete one
cycle of the voltage impressed on the vertical plates. The spots, 14 to 0 to 14
along the X axis correspond to the points on the potentiometer. The resulting
figure is shown in Fig. 26. Fig. 27 shows the trace when the potentiometer
arm moves twice as fast as the wave and Fig. 28 is the figure seen when the
arm moves at one-half the rate.
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zontal deflection and the line of spot positions along the X" axis
exists without any vertical deflection. The reason for the uneven
spacing of the circles along the vertical axis is the fact that the ampli-
tude variations are at a sine rate. You will also note that while only
seven positions of the spot are shown above and below the "X axis
along the "Y" axis, each spot other than that which indicates the
peak amplitude appears twice during each half cycle. This is shown
by the lines which connect the designated spots on the curve and the
circles on the tube screen. The same is true for the second alternation
of the cycle.

To enable closer association between the vertical and horizontal
deflections, when both exist, we have numbered the vertical deflection
spot positions consecutively. The numbers adjacent to the vertical
column of spot positions correspond with the numbers shown upon the
wave. In other words, the zero position or normal center position of
the spot corresponds to numbers 0, 14 and 28 on the wave. Spot
position 1 on the rising quarter of the cycle is also spot 13 on the
second quarter. Spot positions 2 and 12 coincide, because they repre-
sent equal displacement from the normal position, or "X axis. The
same is true of 3 and 11, 4 and 10, 5 and 9, 6 and 8. Spot position 7
occurs just once during the half cycle, because it is the peak amplitude
and the voltage causes this displacement but once during each half
cycle. In the second half cycle, spot positions 15 and 27, 16 and 26,
17 and 25, 18 and 24, 19 and 23, 20 and 22 coincide. Spot position
21 occurs but once during this half cycle, because it indicates maximum
displacement, which occurs only once during the half cycle.

You will further note that the horizontal deflection sweep voltage
potentiometer has 14 taps each side of the zero position, between the
zero point and the two positions of maximum voltage. The position
of the spot upon the screen for each position of the potentiometer
rotor arm is indicated by the corresponding numbers. The speed of
the potentiometer rotor arm is such that a complete revolution is made
in the time required to complete a cycle, so that a single cycle appears
upon the screen.  When this condition exists, it is said that the sweep
frequency corresponds with the frequency of the signal being observed.
The effects of different sweep or timing axis frequencies will be shown
as we progress through this chapter. Again we want to remind you
that the rotor arm on the potentiometer moves from what is indicated
as minus 14 to plus 14 in an extremely short interval of time. You
will learn soon just why this fact is brought to your attention:
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Let us now develop the image upon the screen by combining the
two deflections shown in figure 25. We shall assume that the rotor
arm of the potentiometer is set at the plus 14 tap when the motor starts
and that this position coincides with the start of the a-c. cycle or the
0 point on the wave. With the rotor arm at plus 14, horizontal deflec-
tion plate HDP-1 is 14 units positive and in accordance with figure 25,
the beam spot at that instant has a horizontal displacement of 14 units
towards HDP-1 but no vertical displacement, hence occupies the
position 0-14 in figure 26. At the next instant, the rotor arm is at
‘plus 13 tap and the voltage wave amplitude has advanced to position 1.
The resultant displacement of the spot then is 1 unit up along the
“Y" axis and plus 13 units along the "X axis and the resultant spot
position is shown in figure 26 as 1-13. The first of these numbers
designates the vertical displacement with respect to the numbers shown
in figure 25 and the second number represents the horizontal displace-
ment due to the potentiometer voltage, with respect to the numbers
indicated in figure 25.

At the next instant the potentiometer rotor arm is at plus 12 tap
and the amplitude of the wave has advanced to point 2. The resultant
displacement is 12 units along the horizontal axis and 2 units along
the vertical axis and the resultant position of the spot is 2-12 as indi-
cated in figure 26. The potentiometer rotor arm continues revolving
and as it makes contact with taps 11, 10, 9, 8 it causes resultant dis-
placement of the beam spot in accordance with the vertical deflection
to the positions 3-11, 4-10, 5-9, 6-8 and 7-7. Now the a-c. voltage
starts on its downward half of the half cycle, but the potentiometer
rotor arm continues revolving and makes contact with taps 6, 5, 4, 3,
2, 1 and 0. The resultant displacement of the spot is indicated by the
numbers 8-6, 9-5, 10-4, 11-3, 12-2, 13-1. At the moment when the
voltage of the a-c. wave reaches the point marked 14, which is zero,
the potentiometer arm has also reached the zero voltage tap, so that
there is no deflecting force exerted upon the beam, hence the spot
remains in its normal center position.

You now see half the wave upon the viewing screen. The upper
half of the straight line image, existing when the vertical displacement
is without horizontal displacement, has been spread out with a time
base or sweep. Let us now develop the remaining half cycle. The
lower half of the voltage wave, making VIDP-2 positive with respect to
VDP-1, causes the spot to move downward, below the X" axis and

the movement of the potentiometer rotor arm, past the 0 point, causcs
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HDP-2, to become positive with respect to HDP-1, so that the image
will appear in the D quadrant, namely below the “X axis and to the
right of the Y axis. As the rotor arm moves to new tap 1, the
voltage wave increases in the reverse direction and the resultant dis-
placement places the spot in position 15-1 in figure 26. Further
motion of the rotor arm in synchronism with the voltage wave, causes
resultant spot displacements of 16-2, 17-3, 18-4, 19-5, 20-6, 21-7, 22-8,
23-9, 24-10, 25-11, 26-12, 27-13 and 28-14. The last position is zero
voltage or deflection along the vertical axis, but maximum deflection
along the horizontal or “X" axis.

Continued operation of the rotor and application of the voltage wave
repeats the process, for, as previously stated, an extremely short in-
terval after the spot 28-14 has been positioned, the horizontal timing
voltage sweeps back to its original position of plus 14, which is in
time with the start of the cycle, at point 0. This return from the
maximum sweep voltage position to its original return position is
known as the “return of the sweep voltage.” The rate at which this
return takes place is usually made to occupy a time interval which is
from 1/25th to 1/100th of the time required for the completion of a
single cycle.

You have seen how the time base is introduced and how what is
first an image of the amplitude only (figure 25), becomes an image of
the wave by simultaneously applying the vertical deflection and the
horizontal time base deflection. At this point we want to mention that
the time base here shown is not applied commercially with the type
of apparatus described here. However, this description will serve to
explain the manner in which the sweep voltage, developed by some
other means, spreads the wave. It might also be well if you under-
stood that the slow speed of the rotor arm and the very low frequency
of the a-c. wave were purposely selected in order to expedite compre-
hension. With both frequency and potentiometer rotor speed increased,
it is impossible to follow the movement of the spot, but the positioning
of the spot remains the same. The image, instead of being shown as a
spot, which moved from place to place, assumes the form of a solid
line, of the wave shape shown.

Time Sweep Frequency Changed

The example cited, that is when just one cycle appears upon the
screen, is obtained when the time sweep speed or frequency is the same
as the frequency of the phenomenon being observed. What happens
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if the time sweep frequency is twice as great as that of the wave being
observed? . . . If it is one-half the frequency of the wave being
observed? . . . Let us analyze the former. The frequency of the
sweep circuit is twice the frequency of the voltage wave being exam-
ined. ‘This means that the potentiometer rotor arm makes two revolu-
tions during the period required to complete one cycle of the wave
being observed. In the case being discussed, the potentiometer rotor
arm completes two revolutions during one second. During this dis-
cussion we must assume that a certain phase condition exists between
the varying d-c. voltage applied to the horizontal deflection plates and
the a-c. wave applied to the vertical deflection plates. By phase rela-
tion, we mean that the potentiometer rotor arm starts moving simul-
taneously with the start of the a-c. wave. With the wave and the arm
moving at constant frequencies, they will stay in phase.

The basic data is furnished in figure 25. For proper comprehension
of what is being explained, it will be necessary to correlate figures 25
and 27. Since the potentiometer rotor moves twice as fast as the
voltage wave under observation, it completes half of its complete rota-
tion during the time that the voltage wave under observation completes
one-fourth of the complete cycle. Referring to figure 25, the rotor
starts moving at the plus 14 tap when the voltage wave is at zero.
Since there is no vertical displacement, but there is a horizontal dis-
placement towards HDP-1, because this plate is positive with respect
to HDP-2, the resultant displacement places the spot at 0-14 in figure
27. By the time that the voltage wave has advanced to point 1 in
figure 25, the rotor arm has advanced to tap 12, which represents a
vertical displacement of 1 unit and a horizontal displacement of 12
units, resulting in the positioning of the spot at 1-12 in figure 27. By
the time that the wave has advanced in amplitude to point 2, the rotor
has moved to tap 10 and the resultant displacement is shown as 2-10
in figure 27. Maintaining the same rate of rotation, the rotor is at
tap 8, when the wave amplitude has reached point 3, thus positioning
the spot as 3-8 in figure 27. Continuing, the next three spots are
positioned at 4-6, 5-4, 6-2, in figure 27. When the wave reaches its
maximum amplitude, point 7 in figure 27, the rotor arm has reached
the 0 tap. With no horizontal deflection and 7 units vertical deflection,
the spot is positioned on the Y axis, as 7-0 in figure 27. It is evident
that one-quarter cycle of the wave has been covered for one-half of the
complete arc of the rotor arm.

The amplitude of the wave now decreases and passes through the
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points 8, 9, 10, 11, 12, 13 and finally to 14, which is zero. At the
same time, the rotor arm is advancing'in its arc of travel, Having
passed the zero point, it is making horizontal deflector plate HDP-2
positive with respect to HDP-1, so that the spot is positioned to the
right of the “Y” axis, or vertical reference line. Furthermore, the
wave is still above the “X" axis or horizontal reference line and ver-
tical deflector plate VDP-1 is still positive with respect to VDP-2, so
that the spot positions are still above the horizontal axis. During the
time that the wave is passing through its second quarter cycle, the rotor
arm is passing through its second half of the complete revolution and
-the spots are positioned at 8-2, 9-4, 10-6, 11-8, 12-10, 13-12 and as
the wave reaches its zerc point, designated as 14 in figure 25, the rotor
arm is also at 14.

At this instant, the arm moves from minus 14 to plus 14, which
means that the sweep goes back to its original starting point and makes
horizontal deflection plate HDP-1 14 units positive with respect to
HDP-2 and brings the spot back to the 0-14 position, as shown in
figure 27. If you can view this return from minus 14 tap to the plus
14 tap upon the potentiometer rotor as taking place in an extremely
small interval of time, it can be said that there is no time lost between
the movement of the horizontal sweep from spot 14-14 in figure 27 to
spot 0-14 in the same figure, with respect to the continued motion of
the wave. According to the wave illustrated in figure 25, it now starts
upon its half cycle below the zero reference line. When so doing it
makes vertical deflector plate VDP-2 positive with respect to VDP-1,
so that the beam is deflected towards the former plate and the spot
is positioned below the "X axis. At the same time, the rotor arm,
moving on the plus side, also positions the spot to the left of the “Y”
axis. By the time that the wave has increased in amplitude to point 15
in figure 25, the rotor arm has moved to tap 12 and the spot is posi-
tioned as 15-12 in figure 27. Continued operation during the same
quarter cycle of the wave results in motion of the rotor arm over the
entire half of the potentiometer, from plus 14 to 0 and the spot is
positioned as 16-10, 17°8, 18-6, 19-4, 20-2 and 21-0. When the
maximum amplitude is reached during the second alternation of the
wave, the rotor arm has reached zero. Since there is no horizontal
displacement and there is maximum vertical displacement, the spot is
positioned on the vertical or Y axis. The wave now starts on its
last quarter cycle, while the rotor arm starts advancing in that segment
which makes horizontal deflection plate HDP-2 positive with respect to
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HDP-1, so that the spot is positioned in the D quadrant. The resultant
displacement causes the spot to move through positions 22-2, 23-4,
24-6, 25-8, 26-10, 27-12 and when the wave reaches its zero point,
number 28 in figure 25, the rotor arm is at minus 14 and maximum
horizontal displacement with zero vertical displacement positions the
spot at 28-14. Continued operation repeats the cycle, and the recurrent
action results in the line image shown as figure 27.

If you examine figure 27, you will see that operation of the sweep
at a frequency which is twice that of the wave being observed places the
alternation below the zero line, directly beneath the alternation above
the zero line.

Sweep Frequency Reduced to Half That of Wave

What happens when the horizontal displacement occurs at a rate or
speed which is one-half of that of the wave under observation; in other
words, when the sweep frequency is one-half of the frequency of the
wave under observation? Again we refer to figure 25 as the source of
the basic facts. We refer you to figure 28 as the illustration of the
wave when so developed. Now, the wave under observation moves
twice as fast as the sweep, which means that a complete cycle will
occur during the time that the rotor arm is passing through one-half
of its total arc of travel. The result is the presence of two cycles upon
the screen. In this connection, we want to stress that the number of
cycles which appears upon the viewing screen is a function of the
frequency relation between the sweep frequency and the frequency of
the wave being observed, not solely that of the wave being observed. It
is possible, by proper adjustment of the horizontal displacement fre-
quency, to place but one cycle of a 5,000-cycle signal or ten cycles of
a 600-cycle signal upon the screen.

Once again the rotor starts at plus 14, when the a-c. wave is at 0
in figure 25. Since the wave is moving twice as fast as the sweep, a
half wave will be spread or swept by one-quarter of the arc of travel
of the rotor, or one-quarter of the total sweep. This is evident in
figure 28, where the wave moves through its half cycle, during the time
that the sweep moves from plus 14 to the plus 7 tap. The second
alternation is swept by the horizontal deflection voltage as the rotor
moves from tap 7 to 0, so that the complete cycle is swept during half
of the sweep cycle. The second cycle is swept by the horizontal deflec-
tion voltage, as the rotor moves through its arc in the negative side,
from 0 to minus 14. The placement of the first two alternations to the
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left of the “Y” axis in figure 28, is due to the fact that during this
period of time, horizontal deflection plate HDP-1 (figure 25) is posi-
tive with respect to HDP-2. The second cycle appears to the right
of the "Y" axis, because during this period, HDP-2 is positive with
respect to HDP-1.

At this time we again repeat that the battery-potentiometer form of
time base is not commonly used—that it is here employed as a means
of establishing the foundation for comprehension of the means whereby
the modern sweep circuits of different design provide the time base or
horizontal deflection. The figures, which are shown as being developed
when the sweep frequency is equal to half the frequency of the wave
under observation, are applicable to all forms of sweeps of substan-
tially linear character. The same is true of the pattern developed when
the sweep frequency is twice the frequency of the wave being observed.
This should be borne in mind, for, as you shall see later, modern
sweep circuits are of the electron tube variety.

Perhaps it is premature to mention it at this time, but departure
from linearity in the sweep circuit causes distortion of the image upon
the screen. In othér words, it is not a true reproduction of the actual
wave applied to the deflection plates for investigation. More will be
said about this subject later in the text,

Before advancing to the actual electronic means of developing the
sweep voltage or time base, it might be well to consider another form
of battery operated sweep voltage source, as being the electro-mechanical
equivalent of the sweep used in several cathode-ray oscillographs, and
different from the type previously described. In this arrangement, the
normal position of the spot is off-center—as a matter of fact, it is located
at one end of the tube screen along the “X” axis. The operation of
this circuit is along the following lines:

A potentiometer with a continually rotating contact arm is connected
across the battery B. See figure 29. The design of this potentiometer
is such that the arm jumps from the minus to the plus terminal in an
extremely short interval of time, with respect to the time elapsed during
its rotation around the resistor portion. A separate supplementary
spot-positioning battery B-1 is connected as shown, with the plus ter-
minal joined to horizontal deflection plate HDP-2. With the polarity
of the main battery B, as shown in figure 29, and with the arm set to
the plus end of the potentiometer control, the action is as follows:

With the rotary arm at the plus end of the potentiometer, the beam
spot is deflected towards the horizontal deflection plate HDP-2, because
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of the deflecting force of the battery B-1. ‘This positions the spot on
the "X axis, but quite distant from the exact center of the screen.
Deflection plate HDP-1 is negative with respect to HDP-2. The arm
starts rotating and as it moves in the direction shown, the voltage from
battery B starts bucking the voltage of battery B-1, and the potential
difference existing between HDP-2 and HDP-1, with the former posi-
tive with respect to the latter, becomes less and less, and the spot moves
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Fig. 29. An electro-mechanical equivalent of the sweep circuit nsed in several

oscillographs. The normal position of the spot is at one side of the screen on
the X axis instead of at the center.

towards the center of the screen away from plate HDP-2. As the rotor
arm moves towards the minus end of the potentiometer resistance §trip,
the greater voltage of battery B nullifies the positive charge from
battery B-1, making deflection plate HDP-2 negative with respect to
plate HDP-1 and the spot moves towards HDP-1. At the instant
when the rotor arm reaches the most negative point on the poten-
tiometer resistance strip, HDP-1 is most positive with respect to HDP-2
and the beam spot has moved the greatest distance from its original
position and has swept across the screen. At the next instant, an
extremely small interval of time, as stated before, the arm jumps from
the most negative point on the potentiometer strip to the most positive
point on the strip and instantaneously returns the spot to its original
starting position. The return of the spot occurs during the interval
when the rotor arm shifts from the most negative to the most positive
points on the potentiometer resistance strip. If the speed of rotation
of the arm is sufficiently great, and the rotation is recurrent, the trace
of the beam spot constitutes a single line across the screen. The return
sweep, occurring at an extremely rapid rate is not visible. An example
of an electronic sweep circuit, functioning in this manner, will be
given later.
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Electronic Sweep Circuits

There ate available 2 number of ways of developing the sweep or
time base voltage. The rotating potentiometer and battery method
has been shown. There are other arrangements which employ the
charge of a condenser, controlled by a breaking contact, but since these
are seldom if ever used, we do not feel justified in devoting space to a
discussion. Whatever space we have available can be utilized to better
advantage by discussing various types of electronic sweep circuits,
since they find application in modern cathode-ray oscillograph apparatus.

The most commonly used unit is what is known as a relaxation
oscitlator. By a relaxation oscillator is meant a generator of distorted
currents in which the variations are due to the charge and discharge
of a condenser through a resistor. This is in contrast with the normal
signal generator, wherein anything but distorted waves are desired.
Furthermore, whereas the normal electron tube oscillator develops a
fundamental frequency determined by the values of capacity, inductance
and resistance in the circuit and the order of the harmonics present is
kept as low as possible, the relaxation oscillator’s frequency is a product
of the capacity and the resistance and its harmonic content is greatly
desired. Generally speaking, the frequency generated by such relaxa-
tion oscillators is increased as the capacity and resistance over which
the charge and discharge occur are decreased, and is decreased as the
capacity and/or resistance are increased. Similar variations in funda-
mental frequency and, naturally, the harmonic frequencies can be
developed, by varying but one of the constants, say the condenser or
the resistance, with the other maintained at a constant value. The
frequency varies inversely with capacity and resistance.

There are several reasons why such relaxation oscillators are better
suited as time base or sweep voltage sources than other types of oscil-
lators.  The first of these is the nature of the output voltage developed
by the unit. The relaxation oscillator develops an output voltage which
rises slowly to maximum and then very rapidly decreases to zero, i.e.,
a saw-tooth wave. The rate of decrease from maximum to zero occurs
in an extremely small portion of the time required for the rise to
maximum. This extremely rapid decrease from maximum to zero is
utilized to return the beam to its original position and, naturally, the
spot to its original position. The rise in voltage constitutes the deflec-
tion field which swings the beam across the screen in the horizontal
direction, along the “X" axis. The drop to zero is the return trace,
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which is desired to return at such a fast rate that it produces a minimum
trace upon the screen. The brilliance of the return trace depends upon
the fundamental frequency, for if the fundamental frequency is very
high, the return trace, while much faster than the original sweep across
the screen, may still be sufficiently slow to produce a trace. The
decrease from maximum voltage to zero, when returning the spot to
its original starting position, is the equivalent of the movement of the
potentiometer rotor in figure 29 from the extreme minus end of the
resistor strip to the extreme positive end of the strip.

The second reason is that by proper design, the increase from zero
to maximum of the output voltage, utilized to sweep the beam, can be
made linear, so that a uniform time base is available. A supplementary
reason is that a fairly wide range of fundamental frequencies may be
had with comparative ease and also that synchronization between two
frequencies is easily accomplished. In other words, relaxation oscilla-
tors can be stabilized and kept constant by frequencies which are
multiples or submultiples of the fundamental.

SmE
Fig. 30. A glow-discharge tube {]

,;T

used as a relaxation oscillator g «
is here shown. The frequency Q 4 N
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resistance. -~ —AMAM, A

The simplest form of relaxation oscillator is the glow-discharge tube
used in conjunction with a resistor and condenser and a d-c. voltage
source. This is shown in schematic form in figure 30. The oscillator
portion of the circuit consists of the d-c. voltage source, the variable
condenser C and the glow tube, which is a neon or argon gas-filled
tube of the common variety. The .5-mfd. condenser is the output
condenser. According to the circuit shown, the discharge tube is
connected across the frequency controlling condenser. The resistor R,
being variable, also can be used to control frequency, but for the sake
of illustration, we can consider the unit as being fixed in value.

Operation of the device is along the following lines: Current from
the d-c. voltage source flows through the resistor, charging the con-
denser to a certain voltage. Normally, were it not for the presence of
the glow discharge tube, the d-c. voltage would charge the condenser
to its full value, but with the tube connected across the condenser, this
does not occur for the following reason: These tubes contain gas. When

the voltage across the two anodes of the tube reaches a certain value,
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the gas within the tube ionizes, the tube flashes and becomes a con-
ductor. When this happens—and it is an instantaneous action—the
tube short circuits the condenser and dissipates its charge.

Now, it is a characteristic of such gas-filled tubes, that when ignition
or ionization has occurred, it will persist for a period of time, which
means that while the flashing point may be a certain voltage, once the
flash has occurred it will persist, even if the voltage across the tube
electrodes is somewhat reduced. However, when the voltage actoss the
tube anodes reaches the lower critical value, ionization ceases and the
tube again becomes a non-conductor and the condenser charging cycle
starts all over again. Once the tube has again become a non-conductor,
it will require the original upper critical voltage to cause ionization
again. Thus the tube can be said to have two values of critical voltage,
namely, that which will cause ionization and that which is the lower
limit required to maintain ionization, once that it has been started.

The usual arrangement is to use a glow discharge tube, that has a
breakdown voltage rating which is appreciably lower than the voltage
of the voltage supply source, which in this case is the 110-volt d-c.
line. Suppose for the sake of illustration that the tube used is rated
at a critical voltage of 60 volts. When, during the initial charge
cycle, the voltage across the condenser reaches 60 volts, the tube ionizes
and the condenser is instantaneously discharged through the tube.
When this happens, the voltage across the condenser falls to a value
less than that required to keep the gas within the tube in a state of
ionization and the tube again becomes an infinite resistance and the
condenser starts its charging cycle.

When a system of this type is used to supply the sweep voltage or
time base, the charging voltage across the condenser is used as the
voltage which sweeps the beam spot across the screen and the discharge
cycle is the voltage which returns the spot to its initial starting position.
Consequently, the output voltage waveform of such a circuit is in effect
a picture of just what is happening during the charge and discharge of
the condenser. The glow-discharge tube serves the purpose of dis-
charging the condenser at the predetermined instant. Just what this
instant is in the units which are used in actual practice is a matter of
design. 'The discharge at a certain instant, with respect to the voltage
across the condenser, bears a definite relation, as will be shown, to the
frequency and to the degree of linearity.

Figure 31 shows two cycles of the output voltage waveform of the
neon tube oscillator illustrated in figure 30. You can, if you wish,
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consider the sloping line which rises from zero to maximum as the
charging cycle, since it indicates the rise in voltage across the condenser.
The discharge trace is the steep drop from maximum to zero and
which is barely visible. This pattern is for a 400-cycle wave, so that
the duration of each cycle is about 1/400th of a second. You can
therefore see that the duration of the discharge period is extremely
small with respect to time.

The frequency of a relaxation oscillator can be varied in three ways:
With the flashing voltage and the resistance constant, variation of the
capacity will vary the frequency. With capacity and flashing voltage

Fig. 31. Two cycles of the voltage

wave taken across the output terminals

of Fig. 30. The charging portion of the

cycle is the sloping line and the vertical

line is the discharge from maximum
voltage to zero.

constant, variation of the resistance will vary the frequency. With
resistance and capacity fixed, variation of the flashing voltage will vary
the frequency. The frequency variation with respect to capacity and
resistance has been mentioned. The variation with respect to the flash-
ing voltage is such that the higher the ionization or ignition or flashing
voltage of the tube, the lower the frequency; and the lower the flashing
voltage, the higher the frequency. Just how this is done will be shown
in a subsequent paragraph.

It is relatively simple to understand why these variations in capacity,
resistance and flashing voltage vary the frequency. With fixed resist-
ance, fixed supply voltage and fixed capacity, the time required to
charge the condenser to the flashing voltage of the tube is finite. If
the flashing voltage is reduced, the time required to reach this value of
charge or voltage across the condenser will be less, hence the number of
times the condenser will reach that charge and discharge across the tube
in a definite time will be greater, which means that the frequency will
be higher. If the flash voltage is raised, then the period of time
required to charge the condenser to the critical voltage will be longer
and the number of times the condenser will reach that charge and be
discharged by the tube in a definite period will be less and the fre-
quency of the output voltage will be lower.

With a constant supply voltage source, fixed resistor and fixed flash

voltage, the variation of frequency with capacity variation is due to the
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time required to charge a condenser to the proper voltage. The higher
the value of capacity, the greater is the time required to charge that
condenser to a certain voltage, and if this certain voltage is the critical
ionization voltage, the less will be the number of times that the
condenser will be properly charged and discharged in a definite amount
of time. This means that the frequency will be lower than if the
capacity value of the condenser were smaller. The smaller the capacity,
the less is the time required to charge it to a critical voltage and the
more frequently will this condenser reach its proper charge and be
discharged in a definite amount of time. Hence the frequency will be
higher than for a condenser of greater capacity.

As far as the resistance is concerned, the greater the value of the
resistor for fixed supply voltage, fixed capacity and fixed flash voltage,
the longer is the time required to charge the condenser to the critical
voltage. Hence the lower the number of charges and discharges in a
definite period of time; consequently, the lower the frequency. The
lower the value of the resistance, the more rapidly will the condenser
receive its required charge in a finite time, and the greater the number
of charges and discharges ; hence the higher the frequency, for a definite
time interval.

What is said here is applicable to all such relaxation oscillators, be
they much more complicated than the one illustrated in figure 30 and
when the fixed or variable resistance is replaced by some other device.

If you examine figure 31, you will of necessity note certain significant
details. If you examine the portion of the cycle representing the rise
in voltage or the charging period, you cannot help but note that it does
not progress at a uniform rate with respect to time. In other words,
the rise in voltage for each fraction of the charging cycle is not the
same. The steepest portion is that which occurs as the charging cycle
starts. The slope of the curve is greatest here. Then the slope becomes
less and less until, when nearing the maximum amplitude (which
means, approaching the critical voltage), the rise of the charge in the
condenser is very little for the few moments before the maximum is
reached. If this rising voltage is applied to the horizontal deflection
plates so as to swing or sweep the spot across the screen, the speed of
the spot across the screen would not be uniform with respect to
intervals of time. The spot would move fastest at the start of its
journey and gradually slow down its rate of travel as it approached the
other limit of the screen. Its start of travel is the start of the charging
cycle and it slows down as it approaches the other side of the screen,



SWEEP CIRCUITS 63

because the rate of voltage increase with time (figure 31) is reduced.
In sum and substance, the output voltage is not linear with respect
to time.

A relaxation oscillator of this type can be used, but it would not
be wholly satisfactory because it would develop a distorted image upon
the screen. Nevertheless it has utility, because a certain portion of the
charging cycle possesses sufficient linearity to enable examination of the
pattern upon the screen, provided that a number of cycles of the wave
being observed are caused to appear upon the screen. The cycle or
cycles positioned near the start of the spot travel would be substantially
true images of the waveform being examined.

In connection with linearity of the sweep voltage, the mode of
application of the cathode-ray oscillograph to servicing, public address
and “ham” transmitter adjustment, or where quantitative observations
are of not prime importance, is such that a certain departure from
perfect linearity is permissible. As a matter of fact the commercial
cathode-ray oscillographs now available possess sweep circuits which
enable observations of various kinds and are of extreme value to the
industry, yet which are not 100 percent. linear. Of course, all of these
are more linear than the representation in figure 31, but a departure of
from 10 to as high as 20 per cent., is not sufficient to cause trouble.

AMPLITUDE

TIME

—_—t e >

Fig. 32. The ideal saw tooth wave. Note that the charging portion of each
cycle of this wave is linear, i.e. a straight line, indicating a constant increase
in voltage with respect to time. The discharge from maximum to zero voltage
is perpendicular, indicating an instantaneous return to the starting point.

The primary reason for the lack of linearity with the oscillator,
shown in figure 30, is that the use of a fixed or even variable resistor
of the common type does not keep the flow of charging current at a
constant rate, which requisite must be fulfilled if linearity is to be
attained. There are two simple ways of obtaining at least a close
approach to linearity of the sweep voltage. One of these is commonly
employed in the majority of commercial cathode-ray oscillographs.
The other is used in some few isolated cases and, while somewhat more
complicated, affords a closer approach to the ideal.
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The ideal saw-tooth wave output of a relaxation oscillator is that
shown in figure 32. This was drawn and affords a good comparison
with the photograph of the neon tube oscillator output shown in figure
31. Note that the rise in voltage in figure 32 is constant with respect
to time and that the discharge time is theoretically zero, since it is a
straight line from maximum to minimum. The variation of the voltage
increase, being a straight line, is linear, in contrast with the exponential
variation of figure 31. With figure 32 as a basis, we can compare ways
and means of securing the closest approach to the ideal and note the
discrepancies of various forms of sweep circuits. Incidentally, very
satisfactory application of the cathode-ray tube is possible with an
approach to the ideal saw-tooth sweep voltage.

The most commonly used method of obtaining a fairly linear,
although not really linear, sweep voltage, consists of an arrangement
whereby the gas discharge tube ionizes at a certain voltage, appreciably
less than the full charging voltage. Consider figure 33. Figure 33-A
shows two cycles of a saw tooth wave supposedly developed by a fixed
resistor-condenser-discharge tube combination, wherein the tube trips
or flashes at 105 volts. The charging voltage or supply voltage is 110
volts. From what has been said, it is obvious that this type of sweep
voltage would be unsatisfactory. If we consider the ordinates or
vertical reference lines, as representing time; each heavy vertical line
represents 1/100 of a second. For the first 1/100 second, the voltage
rises approximately 32.5 volts, For the next, it rises about 29.5 volts.
For the next, it rises about 15.5 volts. For the next, it rises about 11.5
volts. For the remaining equal time variations, this voltage rises in
steps of 7.3 volts, 6.7 volts, 4.1 volts, 3.5 volts, 2 volts and 1 volt,
respectively, when the tube flashes and the discharge occurs. (We are
assuming an ideal case, where the discharge is instantaneous from
maximum to zero. In actual practice, a certain amount of time would
elapse for the discharge period, because the tube possesses resistance,
even when it is ionized and the condenser possesses resistance. Also
that the tube does not become a non-conductor until the voltage has
reached zero. In practice this is not so, as stated earlier in the refer-
ence to the upper and lower critical values of voltage.)

It is evident that the rate of charge and voltage increase is very
irregular. If we assume that this is a cycle of a 10-cycle wave, the rise
in voltage mentioned before would occur in each 1/100 of a second.
Suppose that we arrange for the tube to flash at 87.7 volts. The
charging voltage, resistance and capacity remain the same. The dis-
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charge then occurs after an interval of 5/100 of a second. Hence the
frequency is 20 cycles. See figure 33-B. What are the effects?

They are two in number. The first is that the amplitude of the
sweep voltage is reduced. The second is that the portion of the charge
curve actually used is steeper than the entire curve previously used and

Fig. 33-A. Two cycles of a theoretical saw-tooth wave such as would be

developed by a resistor-condenser-discharge tube combination with the tube

tripping at 105 volts. Fig. 33-B shows the waveform when the tube flashes at

87.7 volts and Fig. 33-C shows the wave when the tube flashes at 52 volts.

When the flashing voltage is reduced to 32.5 volts, Fig. 33-D, the charging
portion of the wave is fairly linear.

while it is true that linearity is still far from attainment, the rate of
travel of the spot across the screen will not vary as much as it did when
the amplitude was greater as a result of using most of the charging
voltage. It is to be understood that the rise in voltage with respect to
time is not yet a close approach to being constant, but the change in
speed from the start to the finish is not as great as before. From this
we can gather a very important bit of information. Namely, that if any

attempt is made to employ the maximum amplitude by utilizing almost
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the full charging voltage, the departure from the required linearity is
greatly increased. The change in frequency also brings to light the
fact that under certain conditions, that is, if the adjustments of the
sweep circuit change the amplitude very much, it is possible to cause
a change in frequency of the sweep voltage.

Suppose that we reduce the flash voltage still more, say to 52 volts.
See figure 33-C. The charge and discharge period now occurs in 2/100
of a second. This means that the frequency of the sweep is 50 cycles.
It is obvious that the slope of the voltage curve is a closer approach
to the ideal straight line than the curves of either figures 33-A or 33-B.
Since figure 32 shows the ideal curve, wherein we know the variation
to be linear, we can take for granted, without going into a discussion
of actual figures, that the condition obtained, when the flash voltage is
as stated in figure 33-C, is improved over that of the other curves.

Suppose that we reduce the flash voltage still more, say to 32.5
volts, as shown in figure 33-D. The charge and discharge cycle occurs
in 1/100 of a second, hence the frequency has been increased to 100
cycles. At the same time the amplitude has also been decreased.
However, we are producing what appears to be a fairly linear wave. At
no time is it possible to produce a truly linear wave, unless the control
of the charging current is such that the flow is kept at a constant rate
during the entire charging cycle. We have seen how, by utilizing a
certain portion of the complete charging voltage to constitute the
charging cycle, we can definitely improve the degree of linearity. This
is done in a number of instances in commercial cathode-ray oscillo-
graphs.

It might be well at this time if we made mention of the fact that the
voltage values mentioned in connection with figure 33 were purely
arbitrary. They do not designate the actual charging voltage values
employed in commercial devices. The similarity, however, between
these values and commercial equipment lies in the fact that the voltage
used to charge the condenser, through whatever current limiting device
is used, is much greater than the actual voltage developed across the
condenser and employed to flash the gas discharge tube.

The method of employing the type 885 gas-discharge tube to provide
the sweep circuit for commercial oscillographs is shown in simplified
form in figure 34. This tube differs somewhat from the two-anode
neon or argon gas tube. The 885 is a gas content grid controlled triode.
The heater heats the cathode, which is the electron emitter, just as in
the ordinary indirectly heated a-c. triode. The tube contains an inert
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gas, which will ionize when the voltage between the cathode and the
plate reaches a certain value. The voltage at which ionization will
occur depends upon the bias applied to the grid. In other words, the
flash voltage is a function of the grid voltage. With a certain negative
bias applied to the control grid, the tube will flash at a certain plate
voltage. This is the voltage developed across the condenser. When
the flash occurs, the condenser discharges through the tube. When the
voltage across the condenser is reduced to the lower critical potential
of the tube, the grid again takes control and the tube becomes a non-
conductor and the charging cycle starts all over again.

The potentiometer P in this case is used solely to establish the proper
flash voltage to produce the most linear sweep possible. In practice P
is fixed, or at least the bias voltage is fixed, so that when R and C are
varied to produce the sweep voltage at the required frequencies, the
sweep voltage will be linear. Some commercial units employ a poten- -
tiometer across the bias battery, in order to provide an amplitude con-
trol, whereas other commercial units employ the power supply voltage
divider as the source of the bias voltage and by properly tapping this
source, provide the correct bias and eliminate the potentiometer, The

Fig. 34. A simplified schematic
diagram showing the use of an 885
gas discharge tube for providing
a sweep circuit. This circuit is
typical of those used in several
commercial oscillographs.

1
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charging cycle of the system, shown in figure 34, is exactly like that of
the system shown in figure 30, hence requires no detailed discussion.
Some commercial oscillographs do not employ the tube as such but
employ the G.E. Thyratron, known as such. However, as far as opera-
tion is concerned, both are of like character, except that the 885 type
of tube is rated at a much lower plate voltage, so that its output under
correct conditions is not as great as may be secured from the thyratron.
We are referring to amplitude of the sweep. It is to be understood
that the 885 and the tube known as the grid-controlled gas discharge
thyratron are of substantially the same design.

The effect of amplitude control of the gas discharge tube, which
means operation at various portions of the charging or adjustment of
the flash voltage, is illustrated in figures 35, 36 and 37. Figure 35

shows the output waveform of a commercial sweep circuit which has
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been adjusted to trip at a low plate voltage, which is accomplished by
the application of a comparatively low value of negative grid bias.
The waveform is a good approximation of the ideal. These photo-
graphs were taken by spreading one sweep circuit with another, so that
a certain amount of non-linearity may appear in the photograph.

Fig. 35 (left) shows the output waveform of a sweep circuit of a
commercial oscillograph with a low tripping voltage, making the
charging portion of the wave fairly linear. Fig. 36 (right) shows the
same wave with the amplitude control advanced, resulting in a
slight departure from the good linearity of the wave of Fig. 35.

Figure 36 shows an advancement of the amplitude control; that is, the
application of a higher negative bias. A bend in the upper portion of
each cycle is visible. Figure 37 shows the application of the amount

Fig. 37. This waveform is the result of applying the bias

necessary to produce maximum amplitude of the sweep. Note

the very definite bend in the charging portion of the cycle and
the consequent non-linearity.

of bias required to produce maximum amplitude. Note how the sweep
voltage has departed from the good wave shown in figure 35. It
might be well to state that the sweep voltage shown as figure 37 was
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not passed through any amplifiers. It is the output of the sweep oscil-
lator, fed directly to the plates of the test oscillograph.

A modification of the relaxation oscillator shown in figure 34 is
shown in figure 38. This is substantially the same as that shown in
figure 34, except that a current limiting tube is used in place of the
current control resistor R.  Also that the unit is shown with output
connections to the deflection plates of the oscillograph tube. The
function of the type 34 pentode—incidentally, it is not imperative that
this tube be exactly this pentode—is to keep the flow of current charg-
ing the condensers C1, C2 or C3, whichever is in the circuit, at a
constant value during the entire charging cycle. If this is done, then
the rise of the voltage is at a constant rate and the output is linear.
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Fig. 38. The type 34 tube replaces the resistor, R, (Fig. 34) as a current

limiting device in this relaxation oscillator sweep circuit. The constant

current flow tends to charge whatever condenser is in the circuit at a constant

rate, making the voltage rise constant thereby supplying a linear output to the
deflecting plates.

This current limiting tube functions somewhat like a ballast, and, in
general, sweep circuits equipped with current limiting tubes function
as follows: When the d-c. voltage is first applied, no voltage exists
across the frequency control condensers C1, C2 or C3, whichever one
is in the circuit; consequently, the entire supply voltage is impressed
across the plate and cathode. As the condenser begins to charge and
the voltage across the condenser starts to increase, it decreases the
voltage across the pentode and eventually the voltage built up across
the frequency control condenser is sufficient to flash the 885 tube.

It is obvious from the wiring diagram that the voltage applied to the
plate of the pentode controls the current through the pentode and the
balance between the supply voltage and the voltage across the frequency
control condenser results in uniform current flow through the pentode

during the charging cycle. The 700-ohm fixed resistor between the
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pentode and the plate of the 885 is used to limit the peak current
during discharge. The coil L is a low impedance transformer winding,
whereby the synchronizing signal is fed into the 885 oscillator tube.

Although not mentioned, there are definite limits to the fundamental
frequency obtainable with such sweep circuits. The 885 tube used as
the saw-tooth oscillator can be made to develop frequencies up to
about 20,000 with comparative ease. Higher values entail problems.
Commercial cathode-ray oscillographs equipped with thyratron tubes
usually limit the frequency of the sweep circuit to a maximum funda-
mental of 15,000 cycles. No doubt higher fundamental frequencies -
have been obtained, but we are quoting values experienced in practice.
It might also be well to state, that shielding of these circuits is required,
in order that radiation of the signal into whatever unit is under test
be avoided.

We made mention of the ability to synchronize such saw-tooth wave
oscillators with multiples and submultiples of the frequency being
generated. Such can be done by feeding into the control grid circuit
of the gas filled triode a small voltage from the frequency source being
observed. By feeding a pulse into the control grid circuit of the oscil-
lator tube, this small voltage will tend to keep the frequency of the
oscillator steady and unvarying. Such a signal would be fed into the
circuit through the transformer winding L in figure 38 or through a
condenser and resistor into the grid circuit of the system shown in
figure 34. If the frequency of the saw-tooth oscillator is an exact
multiple or submultiple of the frequency being observed and part of the
voltage has been fed into the oscillator circuit, the two will be locked
in step and the pattern will remain stationary. More data concerning
such synchronization is given in connection with the practical applica-
tion of the cathode-ray oscillograph.

Other Types of Saw-Tooth Wave Oscillators

There are several other types of saw-tooth wave generators. The
ordinary glow-discharge tube of figure 30 used with an amplifier
enables operation at a low amplitude, so as to produce a linear sweep
voltage which is amplified or built up in the amplifier.

Another method of producing a saw-tooth wave is shown in figure
39. 'This circuit is known as a multi-vibrator, although no mechanical
vibrator is used. If you examine the circuit you will see that it is
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nothing more than a two-stage resistance-capacity coupled amplifier
which is so arranged as to feed back upon itself. The unit is extremely
rich in harmonics and has an exceptionally high range of fundamental
frequencies. By proper design it is capable of generating fundamental
frequencies as high as 30,000 to 40,000 cycles per second. For such
high frequencies, it is necessary that all parts be of high quality and
constancy, particularly the diode tube employed as a variable resistance.
This circuit differs from the normal sweep, in that the voltage used to
sweep the spot across the screen is the discharge of one of the con-
densers, rather than the charge. The diode tube used as a variable
resistor provides a discharge path through which the current is inde-
pendent of the voltage, so that the rate of the condenser discharge
becomes uniform and a linear time axis is available.
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Fig. 39. Schematic diagram of the so-called multi-vibrator circuit. Note that

this is nothing more than a two-stage resistance-capacity coupled amplifier

arranged to feed back on itself. It is possible to generate fundamental
frequencies up to 30 or 40 kilocycles.

Condensers C and C1 are alternately and very rapidly charged. Con-
denser C discharges through the diode tube, in which the plate current
is limited by the filament temperature, hence control of the filament
current of T-3 provides a wide range of frequencies. The time axis
output of the unit is secured through the two 2-mfd condensers. The
constants shown are those which were used by the writer for many years.
The tubes originally employed were W.E. 203B for T-1 and T-2 and a
215-A for tube T-3. The circuit is adaptable to the conventional tubes,
rated at from 10,000 to 20,000 ohms plate resistance. By making C
and C-1, fixed condensers of from .0005 mfd. to the value shown,
arranged in switch controlled steps, additional control of frequency is
available. A synchronizing pulse can be fed into the circuit in series
with the 48,000-ohm grid leak.

Stil] another form of relaxation oscillator, whereby higher sweep
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frequencies are available is the ordinary oscillator circuit arranged in
such manner that the grid circuit will periodically block. The dis-
charge of the grid condenser is arranged through a diode tube with a
controlled filament, so that the current through the tube is governed by
the filament temperature. The filament temperature is the rough fre-
quency adjustment and the variable grid condenser is the fine frequency
adjustment.

The circuit is shown in figure 40. The oscillator is adjusted to some
high frequency, say, within the broadcast band. The grid condenser,
consisting of the two condensers C and C1, becomes charged. As a
result of the value of the grid leak, which is the diode tube, the grid
of the oscillator tube becomes highly negative and the tube blocks.
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Fig. 40. This circuit is capable of producing frequemcies of a fairly high
order. It is an ordinary oscillator circuit so arranged that the grid circuit will
block periodically. The filament temperature of the diode is the rough
frequency adjustment and the condenser C is the fine frequency adjustment.

Oscillations cease. The charge which has accumulated across the con-
densers now leaks off through the diode tube. After a time interval,
sufficient charge has leaked off, so that oscillations start again. The
charge again accumulates and the process is repeated. The time interval
required for the charging of the condenser can be controlled by the
tuning of the resonant circuit. The period of the discharge is adjust-
able by means of the grid condenser and the diode tube filament
resistor. 'The discharge curve of the grid condenser-diode tube combi-
nation is sufficiently linear to provide a satisfactory time base. However,
the amplitude of this voltage may not be high enough to provide the
correct width of the sweep without amplification and this is somewhat
of a problem at high frequency, particularly when this frequency must
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be variable. Then again, the constancy depends upon the care with
which the unit is assembled and the parts employed.

60-Cycle Sweep Circuit

All of the sweep circuits mentioned thus far have been of the variable
frequency type. There are found in some commercial cathode-ray oscil-
lographs sweep circuits which are not of necessity linear sweep systems.
In other words, the voltage which causes the spot to move across the
screen does not vary in a linear fashion. One of these sweep circuits
is the regular sine wave G0-cycle supply, or at any rate, the frequency of
the supply which provides the power for the oscillograph unit. When
a linear sweep is available, the utility of the rated 60-cycle sweep is

Fig. 41. The sweep of the Egert
oscillograph is different from those
shown before. Here the charging por-
tion of the cycle is steep and the dis-
charge is more gradual, both parts
of the cycle being used for sweep-
ing the spot across the screen. Com-
pare this wave with that of Fig. 35.

comparatively small, for, as shall be shown, it possesses certain dis-
advantages. In the first place it can stop only one band of frequencies,
those which are direct multiples or submultiples of the supply frequency
and this band is of necessity limited, since the sweep frequency is fixed.
Then again, it does not lend itself to very satisfactory obsetvation of the
waveform of signals which are of frequencies near these multiples or
submultiples, because they cannot be made stationary. Furthermore, the
rate of variation of this sweep voltage distorts the image which appears
upon the screen.

However, there is another form of 60-cycle sweep circuit, which is
used in the Egert oscillograph, of which a few are available. This is
the discharging voltage developed across the input filter condenser in
the power supply rectifier system. The nature of this voltage is shown
in figure 41. The charge is fairly rapid and steep, whereas the dis-
charge, which occurs, is more gradual. The waveshape looks like a
reversed saw-tooth cycle. Since the rectifying system is a half wave
affair, the sweep voltage has the frequency of the power supply. By
using a small value of capacity as the load upon the rectifier, the change
in voltage representing the amplitude of the sweep is made appreciable.
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We have said a great deal about different types of sweep circuits—

about distortion which occurs when a sweep is not linear and the need
for linearity. It might be a good thing to develop several sine waves
with linear and non-linear sweep voltages. These are shown in figures
42, 43, 44 and 45. Figures 42 to 44, inclusive, illustrate how a normal
fairly linear sweep voltage spreads one, two and three cycles. You
will note that in each and every case, there is some effect upon the
shape of the developed pattern as a result of the discharge portion of

Fig. 42. The single cycle
of a sine wave on the
right is spread by the
linear sweep (below) re-
sulting in the waveform
at the upper left. The
sweep’s return is from
12 to 14.

o0 :__ﬁ__-_‘- Fig. 43. How a sweep
1 S =T spreads a two-cycle sine
K] i Rty wave, the sweep’s return

being 24 to 28.

the cycle. Its effect is greatest when a single cycle appears, because this
portion of the sweep cycle takes place during a part of the waveform
cycle being observed, so that there is a tendency towards distortion.
However, as you see in figure 44, if three or more cycles are placed
upon the screen, the first cycle is substantially an undistorted representa-
tion of the sine wave applied to the vertical deflection plates. The
effect of a non-linear sweep in distorting the developed image is evident
in figure 45. You can very easily imagine the effect upon a single or
two-cycle images. In a single-cycle image one of the alternations would
appear normal and the other half of the cycle would be crowded. In
the two-cycle pattern, one of the cycles would appear normal, whereas
the other would be crowded.
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However, we do not want you to forget the statement made earlier
in this chapter to the effect that even a non-linear sweep may enable
observation of the character of a waveform, if a sufficient number of
cycles are shown upon the screen. This is so, because, as you note, one
portion of the non-linear sweep voltage is a fair approximation of
linearity. Hence with three or four cycles upon the screen, those slightly

The three cycles of the sine wave at the
right are spread by a linear sweep in
Fig. 44 and by a non-linear sweep in
Fig. 45. Note the distortion that
occurs in the second and third cycles
due to the curvature of the sweep. It
should be noted that in Figs. 42 to 45
the return of the sweep occupies a
greater percentage of the cycle than is
used in practice. Compare the angle of
the returm sweep of these drawings
with the oscillograms of Figs. 35, 34
and 37.

in from the position which is the start of the beam may be fairly true
representations of the waveform voltage applied to the vertical deflec-
tion plates. The sweep voltage frequency in figures 42, 43, 44 and 45
has been kept constant and the voltage being observed has been
changed in frequency. In practice to obtain a greater number of cycles
upon the screen, for any one frequency input to the vertical deflection
plates, the sweep frequency is changed.

Although we do not definitely tie in the sweep voltage shown in
figures 42 to 45, inclusive, with the basic electro-mechanical sweep of
figure 25, it is to be understood that the operation of the electronic
sweep in tracing the pattern is like that which has been described for
the electro-mechanical sweep consisting of the battery voltage and
potentiometer. In the electronic sweep the trace and return of the
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beam spot from one end of the screen to the other is done automatically.
You should realize that the sweep voltages shown in figures 42 to 45,
inclusive, are divided into uniform time intervals just as the sweep
voltage in figure 25 is divided into uniform time intervals. Also that
the waveforms being observed and developed upon the screen are
likewise divided into uniform time intervals. The fact that a screen
is not shown in figurés 42 to 45, inclusive, should not confuse you.
The sweep voltage is being applied to the horizontal deflection plates
and the voltage to be observed is applied to the vertical deflection
plates. The developed pattern is assumed to appear upon the screen.

So much for the general discussion of sweep circuits. The associa-
tion between the basic electronic sweep circuits shown in this chapter
and the commercial arrangements used in- cathode-ray oscillographs
will follow in a subsequent chapter.



CHAPTER 111

A-C. VOLTAGES ON BOTH SETS OF PLATES

Before embarking upon the discussion of the commercial cathode-
ray oscillographs and the practical application of such units, there is
one very important subject which must receive attention. This is the
result of applying a-c. voltages to both sets of deflector plates. In this
connection one very important point comes to the fore. This is phase
relation. The phase relation between the a-c. voltage applied to the
vertical deflection plates and the a-c. voltage applied to the horizontal
deflection plates has a tremendous effect upon the shape of the pattern
which appears upon the screen. It is extremely important that you
realize this qualification.

After all is said and done, the pattern which appears upon the screen
is the result of displacement of the spot in two dimensions, at right
angles to each other. Assuming any one value of voltage, a uniform
voltage applied to both plates, the shape of the pattern is going to be
determined by the phase relation between the instantaneous deflecting
voltage fields. At the same time, if the phase relation is constant, the
shape of the pattern is also going to be influenced by the relative ampli-
tudes of the horizontal and vertical deflection fields.

Fortunately, certain information is possible with the cathode-ray
oscillograph, even when the phase relation is unknown, despite the
fact that the existing phase relation does influence the pattern. This is
50, because the pattern, if understood as a pattern, conveys the informa-
tion desired, despite the fact that the existing phase relation has mani-
fested its effect. Also because the same information may be conveyed
to the observer for any one of a number of different phase relations.
At the same time, it is extremely valuable to comprehend the reason
why the shape of the pattern is as it is.

It is also of interest to realize that simple and complex patterns
result from the application of a-c. voltages to both plates. However,
irrespective of the nature of the pattern, be it simple or complex, it is

n
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important to understand that the pattern is created by the movement of
a single spot—that each of the lines, no matter how many appear upon
the screen, is being traced by a single spot in motion and the line or
lines are the result of the recurrent tracing of that path by the moving
spot.

The nature of the a-c. voltages, which are applied to the two sets of
plates, is of no consequence. They can be sine waves or distorted waves.
They can be modulated waves or unmodulated waves. As far as the
latter two classifications are concerned, certain limitations are imposed
and these relate to the ability of the amplifiers within the oscillograph
to ‘pass or amplify the voltages at these carrier frequencies. Simplest
patterns appear when the simplest waves are placed upon the respective
plates, and when they bear some simple relation to each other with
respect to frequency. If the nature of the voltages applied to both
sets, or to one set of plates, is complex, due to distortion or modulation,
the resultant pattern will show the complexity of one of the voltages.
Two voltages, which are of such frequency that they are not integral
multiples of each other, will produce complicated patterns. So much
for that. Let us now see how two simple sine waves deflect the electron
beam.

Suppose that we apply two sine waves of like amplitude and like fre-
quency, one voltage to each set of plates. The two voltages are exactly
in phase. What is the fina]l pattern upon the screen? . . . Examine
figure 46. The normal position of the spot is in the center of the
screen. ‘The horizontal and vertical deflecting fields start at zero. Con-
sequently, at the start of each voltage cycle, the deflecting force exerted
by the two voltages is zero. The numbers for each spot upon the screen,
in each direction, correspond with the numbers shown upon the waves.
Each spot, with the exception of the zero and the peak points, has two
numbers, corresponding to the two times that the spot passes through
that point during each alternation. The zero point has three numbers,
because the wave reaches that point three times in a complete cycle.
The peak points have but one set of numbers, because the wave passes
through the peak amplitude but once in each alternation. The time
interval between the amplitude designations is uniform for both volt-
ages.

At the start the spot remains at rest in the center of the screen.
This is indicated as zero on figure 46-B. After the passing of the first
time interval, the vertical field has a deflection of 1 unit and the
horizontal field has a deflection of 1 unit, positioning the spot as 1-1
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in figure 46-B. As time passes, the voltage of each wave increases and
the resultant spot displacement for each time interval is shown as 2-2,
3-3, 4-4, 5-5, 6-6 and 7 in figure 46-B. Both waves now have reached
their peak amplitude on the rising half of the first alternation. Now,
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Fig. 46. The sine wave at the left is impressed on the vertical plates and the

one below is impressed on the horizontal deflection plates. Each spot on the

screen bears two numbers, except the peaks, as the voltage varies from zero

to maximum and returns. The resulting figure is shown in Fig. 46-B. These
waves are in phase.

they both decrease in amplitude at a constant rate and the spot positions
pass through the same points as before, since the time interval is the
same. To correspond with the spot positions shown in figure 46-A,
for the second half of the first alternation, we have also numbered the
resultant displacement positions of the spot to correspond. These are
8-8, 9-9, 10-10, 11-11, 12-12, 13-13, and 14 is again zero. The posi-
tioning of the spots in this quadrant is due to the polarity of the
plates as a result of the voltages applied.
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We now start upon the second alternation. As a result of the
polarity of the respective vertical and horizontal deflecting plates, the
spot now is positioned in the D or fourth quadrant. The increase in
amplitude of the second alternation causes displacement equal to ampli-
tudes indicated as 15, 16, 17, 18, 19, 20 and 21 in the vertical direction
and amplitudes indicated as 15, 16, 17, 18, 19, 20 and 21 in the hori-
zontal direction. The resultant spot positions are 15-15, 16-16, 17-17,
18-18, 19-19, 20-20 and 21-21 in figure 46-B. During the last half
of the second alternation. the vertical and horizontal amplitudes
decrease and they cause resultant displacement of the spot through
positions 22-22, 23-23, 24-24, 25-25, 26-26, 27-27 and 28-28 in figure
46-B. As is evident, the result is a diagonal line of spots. If these
two voltages are recurrent, instead of number of spots, we have an
image which is a straight line.

A pattern of this type indicates certain definite conditions. First
that the frequency of the two voltages applied to the vertical and
horizontal plates is identical and, second, that they are exactly in phase
with each other. In other words, that the instantaneous values of the
two voltages are exactly alike with respect to time. A pattern of this
type is independent of frequency. That is to say, such would be the
pattern for any frequency, provided that both voltages were of the
same frequency and exactly in phase or have a zero phase difference.

(Two voltages or currents or a voltage and a current are said to be
in phase if they pass through their maximum and zero points in the
same direction, at the same time.)

What other significant information can we glean from figures 46-A
and 46-B? . . . In the first place, the bisection of the angles of the
second and fourth quadrants by the image is attained, because the
amplitude of the two deflecting fields is the same. Try to visualize
the horizontal deflection equal to half of that which is shown and the
vertical amplitude as shown. What would happen? Since the vertical
amplitude would be the same, but the horizontal displacement would
be less, the line would tend to approach the vertical reference line, the
“Y" axis. If the horizontal deflection is decreased in steps, the resultant
pattern would gradually approach the vertical line, until, when the
horizontal deflection becomes zero, the image is a straight line along
the Y axis. If the reverse were true, that is, the horizontal deflection
is maintained constant and the vertical deflection is decreased, the line
would tend to move towards the horizontal or "X axis, until, when
the vertical deflection is zero, the pattern is a straight line along the
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“X" axis. In practice, variation of the horizontal or vertical amplitude
controls, seems to rotate the pattern around the zero point.

The exact position of the single line pattern as it appears in the
B and D quadrants (see figure 46-B) is not of great importance, for it
indicates a zero phase difference as long as the pattern is a single line
and is the result of the presence of both deflecting fields. The exact
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Fig. 47. The development of the resulting image seen on the screen in Fig.

47-B is the same as Fig. 46, but in this case the two sine waves impressed on

the deflecting plates of the tube are 180° out of phase; hence the image slopes
to the right instead of the left, as in Fig. 46.

angle is an indicator of the relative amplitudes of the two voltages

applied to the plates. The fact that the image is a single line partern

is the indicator of the zero phase relation between the two voltages.
Suppose that one of the voltages is 180 degrees out of phase with the

other voltage. (Two waves are said to be 180 degrees out of phase,
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if they pass through their maximum and minimum points at the same
time but move in opposite directions.) Suppose that the two voltages
of like frequency and like amplitude shown in figure 46-A are now 180
degrees out of phase. Wave B has been turned through 180 degrees.
See figure 47-A. Both voltages start at zero, but increase in amplitude
in opposite directions. With the individual spot positions as shown in
figure 47-A, the resultant pattern is as shown in figure 47-B. Note that
the pattern now occupies space in quadrants A and C or if you designate
the quadrants by numbers, in quadrants 1 and 3. What was said about
amplitude variations in connection with figure 46-B is applicable to
figure 47-B, except for the difference introduced by the orientation of
the pattern upon the screen. A similar pattern would be obtained, if
wave B had been left intact as in figure 46-A, and wave A had been
changed through 180 degrees. If both waves are turned through 180
degrees, the result is the original zero degree phase difference. Exactly
180-degree phase difference is indicated only if the pattern is a single
line, located in the quadrants shown. Additional details concerning
the phase relation indicated by such patterns will be found in the
chapter devoted to practical applications of the tube for the determi-
nation of phase relation.

The phase relation of two voltages applied to the vertical and hori-
zontal plates, respectively, is not limited to O or 180 degrees. Any
phase difference between 0 and 180 degrees may be recognized upon
the screen. In connection with phase difference, while it is true that
the complete cycle of angular rotation is 360 degrees, certain phase
angle representations appear alike, when viewed upon the cathode-ray
tube screen. Phase difference patterns representative of angles between
0 and 90 degrees find their duplicates in patterns which vary in phase
from 270 to 360 degrees. Patterns, which vary in phase from 90 to
180 degrees, find their duplicates in patterns which vary in phase from
180 to 270 degrees. In other words, a pattern which indicates a 45-
degree phase difference may also be 315 degrees; 90-degree phase shift
may also be 270 degrees and 135 degrees may also be a 225-degree
phase shift. For ordinary purposes, however, in connection with radio
receiver, public address amplifier and “ham” transmitter adjustment,
phase difference observations between 0 and 180 degrees are entirely
sufficient.

Continuing with like frequency signals supplied to the two sets of
deflecting plates, if these signals differ in phase by 90 degrees, the
resultant pattern is a circle, providing that the amplitudes of both waves
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are alike. The development of this circular pattern is shown in figure
48. Any deviation from like amplitudes results in an elliptical pattern,
instead of a circle. However, the shape of the pattern cannot be con-
fused with one of different phase difference, because the “Y” axis
divides the image in two, when the exact 90-degree phase difference
exists. For that matter, the "X" axis is also a bisecting line. For
higher or lower values of phase difference, the image tilts one way or
the other.

Fig. 48. The sine wave at B is 90° out of phase with the one shown at C, so
that the resulting pattern is a circle. Note that the time axis here is divided
into degrees of a circle instead of fractions of a second as in previous
drawings.

You will note, if you examine figure 48, that the time reference line
has been designated in degrees, the divisions being in uniform time of
30 degrees. This should make it easier to comprehend the resuleant
movement of the spot through a circle of 360 degrees. A general idea
of the effect of waveshape and phase relation upon the pattern devel-
oped, when both voltages are of like amplitude, is given in figure 49.
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Fig. 49. In eack case A is the resultant image that will appear upon the

screen when the wave at B is impressed on the vertical deflecting plates and

the wave at C on the horizontal plates. These waves are of equal amplitude
and have the same frequency.

In each of these, A is the resultant image, B is the vertical deflection
voltage and C is the horizontal deflection voltage. Furthermore, the
frequency of both voltages is the same. From these patterns one can
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gather an idea of the resultant pattern, under the conditions cited,
when the wave shape lies between limits represented by sine waves as
one limit and linear waveforms as the other limit. (The idea to present
such limits was obtained from the Western Electric Bulletin No. 176.)
In each case, the resultant can be computed from the two deflecting
voltages, because all three patterns are based upon the same time interval
and also upon a uniform amplitude basis.

Photographs of various phase relations for different kinds of deflect-
ing voltages will be found in the chapter devoted to practical application
of the cathode-ray tube.

Whether or not the patterns shown in figures 46-B, 47-B, 48 and 49
will remain stationary for any one condition, or will drift from shape
to shape, that is, drift from a single line to an ellipse and to a circle
and reverse, depends upon the constancy of the frequency and phase
relation. If one of the frequency sources, or if the frequency of one of
the deflecting voltages is continuously changing, no matter how slight
this drift, the pattern will not remain stationary. It is going to be in
motion and change its shape continually, because the phase relation is
continually changing. Normally two signals which bear a certain phase
relation to each other remain in that phase relation as long as the
frequencies remain constant, and other controlling factors remain
constant. The movement of a pattern resulting from the application
of two frequencies, which are substantially identical, takes place at a
rate equal to the difference frequency. In other words, the rate of
change of a pattern through the complete 360 degrees is an indication
of the frequency difference between the two frequencies.

From what has been said so far, it is evident that these patterns are
suitable for frequency comparison. In other words, a stationary pattern
indicative of any phase relation, and which is a single line, circle or
ellipse, shows that both frequencies are identical. If one of these
voltages be of known frequency and the other of an unknown fre-
quency, the adjustment of the unknown to produce the patterns men-
tioned, is that for the known frequency and can be so calibrated. As
a matter of fact, one of the important functions of the cathode-ray
oscillograph is frequency comparison, as will be shown later. In this
connection, it affords an excellent and extremely accurate means of
comparing audio frequencies, which normally require very elaborate
and expensive standards. By proper operation, as shall be shown, one
or two audio standards of single frequencies are sufficient to calibrate a
range as great as from 30 to 10,000 cycles.
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The patterns formed when two varying voltages are applied to the
two sets of deflecting plates, one such voltage to each set of plates, are
known as Lissajous’ figures. These figures can be developed under
various conditions and they will assume various shapes. It is the
nature of the pattern which enables its use for frequency comparison.
When both voltages are sine waves, or for that matter, if both contain
several harmonics, or if only one contains several harmonics, one type
of pattern is developed. If one of the waves is a sine wave and the
other is a saw-tooth wave, another type of pattern is developed. It
might be well at this time to distinguish between Lissajous’ figures,
which result from the application of sine-wave voltages to both sets of
plates, modulated or unmodulated, and the figure which appears when
one of the voltages is 2 saw-tooth wave. It has been customaty in the
past to apply the term Lissajous’ figures to those patterns which occur
when two varying voltages are applied to the two plates, in any phase
relation and in any frequency ratio. Also to apply the name to the
pattern which appears when one of the voltages is a saw-tooth wave
and the frequency ratio between the two voltages is not a simple integral
ratio, with the saw-tooth voltage being the lower of the two frequencies.
The reason for making this qualification is that under certain con-
ditions, namely, when the saw-tooth voltage is of a frequency which is
an exact submultiple of the other voltage, the pattern which appears
upon the screen is the waveform of the other voltage. It would be incor-
rect to call such a pattern a Lissajous’ figure.

Lissajous’ figures may be of varied shapes. They may be complex or
simple, depending upon the frequency ratio between the two varying
voltages and the characteristics of these voltages, whether modulated
or unmodulated, sine or distorted, relative amplitudes and phase rela-
tion. As a general rule, when used for the comparison of frequencies,
the known and unknown signals are secured from oscillators, so that
a certain type of pattern is usually developed. Fortunately, when the
frequency ratio between the two voltages is higher than a certain order,
a stationary pattern is not desired. Instead, a slowly changing pattern
is arranged. This means that the two frequencies are not in exact ratio
and a continual change in phase relation is taking place. The determi-
nation of the frequency is made during the time that the pattern is
rotating very slowly. Then the exact calibration is accomplished by
stopping the pattern and noting the exact setting of the oscillator being
calibrated. All of this is practical data. Let us devote some attention
to the development of a Lissajous’ pattern.
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We have shown the pattern resulting from the application of two
sine waves of like frequency. Suppose that we make one frequency
three times as high as the other. The exact numerical values are of
no importance, just so long as the amplitude of the voltages is sufficient
to cause the proper deflection, and the ratio of the two frequencies is
as 3 is to 1. The higher of the two frequencies is applied to the
vertical deflection plates and the lower of the two frequencics is applied
to the horizontal deflection plates.

§TANGENT TOUCHING THREE LOOPS

TANGENT
TOUCHING

ONE LOOP
|

51

Fig. 50. The sine wave at A is three times the frequency of that at B and is
90° out of phase. Both waves are divided into equal time intervals. The
numbers on the resultant image at C indicate the amplitude displacement of
each wave at the same instant.
Fig. 51. By drawing tangents to the loops at the horizontal and vertical sides
of the pattern and counting the number of loops that each teuches, the ratio
between the two frequencies impressed upon the plates of the tube can be
easily found.

In figure 50, A is the vertical deflection voltage, B is the horizontal
deflection voltage and C is the resultant pattern. You will note that
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the two voltages are 90 degrees out of phase. Both vertical and hori-

zontal deflection voltages are divided into the same equal time intervals.
To develop the resultant pattern, you position the spot as a result of the
amplitude displacement of both waves. This is indicated by the num-
bers. The pattern shown is quite common for various frequency ratios.

Once again we want to call to your attention that the pattern is made
by a single spot which moves through these various positions. The fact
age is in line form is due to the repeated movement of the
gh the same positions. The pattern is uniform, that is,
rawn to each side would produce a square. This is shown
uniform amplitude of both of the deflecting voltages. If
the vertical deflection voltage is greater than the horizontal deflection
voltage, the pattern would be higher and the image formed by the
intersectidns would be narrower. Conversely, if the horizontal voltage
is greater|than the vertical deflecting voltage, the pattern widens and
becomes flatter.

By draping a tangent to one vertical side of the image and one
horizontall side of the image, it is possible to determine the frequency
ratio. THe frequency ratio is the ratio between the number of loops
which tourh the tangents. See figure 51. With such simple patterns,
it is not necessary to draw tangents to determine the frequency ratio.
The number of loops upon each side can be counted without any
additional |aids.

The number of patterns which may result from the application of
two equal|such voltages are quite numerous, and as has been stated,
depend upon the phase relation. Figure 50 illustrates a pattern
obtained when the two voltages are 90 degrees out of phase. Figure 52
illustrates the pattern which is produced when these two voltages are
in phase. |If you check the development of this pattern, you will find
that certaif loops are in back of others, so that only two peaks are
seen, instedd of the six peaks in figure 50. Peak 10 is directly behind
peak 2. Reak 14 is directly behind peak 22. Peak 6, appears as a
straight line at the left and peak 18 appears as a straight line at the
right. To|comprehend properly such Lissajous’ figures, it is necessary
to imaging the wave traveling around a transparent glass cylinder,
through which the front and rear patterns are visible. The view
obtained is|the elevation or side view. At certain time intervals in a
moving patftern, certain parts of the pattern would be directly behind
each other, |so that all parts of the wave would not be visible. This is
shown later in this book.

tangents
because
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The transition from the pattern in figure 50 to that shown in figure
52, occurs in the time required for a 90-degree travel of the wave. For
the purpose of frequency comparison, phase relations other than 0 or
180 degrees are preferable. The 0-degree and 180-degree patterns

2 18 18
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3 ) 19]17
9 1l
4 120 20[16
8 24
1\23 2!
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|2 Fig. 52. The sine wave at A is three times the
3 frequency of the one at B, as in Fig. 50, but in this
15’ case the two waves are in phase instead of being Y0
6 out of phase. Compare the resultant patterns at C of
g each drawing. In Fig. 52 note that the loops, of which
9 points 10 and 22 are the peaks, are in
front of those having the points 2 and 14.

are very similar, lacking all intersections, but differ in the positions of
the peaks shown in figure 52. In the 180-degree pattern, the whole
image would be turned upside down. The appearance of the pattern
for 90-degrees and 270 degrees is also identical, except for the fact that
the image would be turned upside down. However, since the image
is symmetrical, turning it upside down, would not change the appeat-
ance of the pattern. Separation of the peaks, which are directly behind
each other in the 3-1 patterns for 0 and 180 degrees, is accomplished
by changing one frequency very slightly. A fraction of a cycle change
is sufficient to separate the peaks,
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Ratios as high as 10 to 1 can be easily observed with patterns such
as that shown in figure 50. In each case tangents drawn to two sides
and counting the number of loops or peaks which touch these tangents
will identify the frequency ratio. Such identification requires that one
frequency be known and further that the plates to which this voltage
has been applied, be known. The relation between the frequency of
the voltage and the plates to which the voltage has been applied is
important, because it places the loops along the proper axis.

Space does not permit a complete explanation with full data concern-
ing the development of all types of Lissajous’ figures. We feel that
illustrations of various types of these figures, given in connection with
the practical application of the tube to frequency comparison, will serve
its purpose better than a detailed accounting of how the final pat-
terns are developed. Development of the most intricate pattern pro-
gresses exactly as outlined for the simplest of patterns. However, the
actual work is naturally more detailed and more intricate because of
the greater number of spot positions which must be established.

As far as the positioning of the beam spot to produce any one type
of pattern, it should be understood that it is applicable to all types of
voltages. While it is true that the pattern resulting from a 4-3 ratio,
obtained by applying two sine voltages, will differ from that developed
when one of these voltages is a saw-tooth wave, the actual method of
development remains the same. If you are interested in solving such
a problem, draw four cycles for the vertical deflection plates and three
cycles of a saw-tooth wave for the horizontal axis, employing the same
time interval for both. Mark off the respective amplitudes and project
the resultant spot displacement as has been done for a number of illus-
trations in this chapter. We take this opportunity of advising you
that it will be an arduous task.

We feel that it is not necessary to advance any further with the
actual development of Lissajous’ figures, because far more valuable
information can be conveyed by showing the types of figures which arc
actually experienced in practice, and explaining the applications of
these figures. ‘

Voltages with Variable Frequency and Amplitude

Before closing this chapter, we must make reference to one other
combination of varying voltages applied to the two sets of deflecting
plates. This is the arrangement wherein the voltage applied to the
vertical deflection plates varies both in frequency and in amplitude and
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wherein the horizontal voltage is a saw-tooth wave. This material is
related to what takes place during visual alignment. There is much
more to be said about the subject, but what is here presented should
be of value in comprehending the basic development of the pattern
upon the screen. Reference to the chapter devoted to the practical
application of the tube for visual alignment will establish the remaining
details, as they relate to the various methods in use at the time of this
writing.

Fig. 53. The sweep frequency is
such that one cycle occurs during
the time that the oscillator’s fre-
quency varies from 455 to 485 kc.
The tuned circuit to which this
band of frequencies is applied is
resonant at 470 kc.. The frequency
response curve taken across the
detector load appears at the right
and its image, as seen on the screen
is at the left, above the sweep.

Examine figure 53. Let us assume that an oscillator is arranged to
vary in frequency of output from 455 kc. to 485 ke., once each second.
The signal from this oscillator is applied to a detector tube through a
tuned circuit. ‘This tuned circuit is made resonant to a frequency of
470 kc., which is the mean frequency of the band covered by the con-
tinuously variable oscillator. There is supplied to the detector tube
a signal voltage, which varies in amplitude with the response charac-
teristic of the tuned circuit. As a result the rectified voltage across the
detector load varies in accordance with the response characteristic of
the tuned circuit. If this voltage is applied to the vertical deflection
plates of the cathode-ray tube, it is the equivalent of applying to these
plates a voltage which varies in amplitude at a definite rate, namely, the
rate at which the oscillator covers the frequency band specified. The
sweep frequency is adjusted so that one full sweep cycle takes place
during the oscillator frequency change over the band. The result is
that the sweep voltage displaces the spot in one direction (horizontal)
and the signal voltage applied to the vertical plates displaces the spot
in the other direction (vertically). The resultant displacement of this
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spot develops the resonance curve. The pattern is stationary, because
the sweep is in step with the frequency variation and the position of
the spot is recurrent during each cycle.

Actual visual alignment devices employ this basis of developing the
resonance curve. There are, of course, certain differences between the
design of the practical units and the explanation here given, but the
basis of operation, as here presented, is substantially that experienced in
practice.  Although this reference and explanation covers what is the
i-f. band, let it be known that it is applicable to the r-f. band and also
to the a-f. band. As far as the latter is concerned, the shape of the
resonance curve differs, as a result of the difference between an a-f.
system response characteristic and an if. or r-f. system response char-
acteristic, but the basis of operation remains unchanged. What has
been said, as will be shown later, is applicable to all types of frequency
modulator circuits and to single and double pattern systems.



CHAPTER 1V

COMMERCIAL CATHODE-RAY OSCILLOGRAPHS

We now are ready to consider the structure of the cathode-ray oscillo-
graphs offered for commercial use. Let it be known that it is our
intention to discuss those devices which are being offered for use by the
radio servicing industry for radio receiver design and servicing, public
address design and servicing and to the amateur radio fraternity, for
the adjustment of “ham” transmitters. There are in use a large number
of cathode-ray units intended for the industrial field and college labora-
tories. In many respects these devices are like the ones to be described
in the pages following, but since we are catering to a limited field, we
deem it best to devote very little space to the application of the tube
to fields and industries other than those named. At the same time,
we recognize that many of the industrial applications are similar to
those found in our fields, because the method of utilizing the cathode-
ray tube is to convert mechanical and other physical impulses into
electrical impulses and to interpret the cathode-ray tube image ac-
cordingly. As such we hope that some of the information con-
tained in this volume will be of value to the men, who will employ the
cathode-ray tube in the industrial field.

To analyze properly the structure of the commercial cathode-ray
oscillographs available at this writing, for use in the fields named, we
must of necessity classify the instruments in basic types. Perhaps others
may not agree with our method of classification, but since no definite
standard classification is available, we take the liberty of establishing
our own.

1. The basic unit is the cathode-ray tube with its power supply.

2. An elaboration upon this basic unit, which forms class 2, the

most popular is the cathode-ray tube with its power supply and
to which has been added amplifiers for the vertical and horizontal
deflection plates and a linear (saw-tooth oscillator) sweep circuit

93
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These are the two basic divisions. Elaboration upon basic units 1

and 2, are accomplished in several ways, dependent upon the nature of
the service involved. Basic unit 1 can be converted into basic unit 2,
thereby greatly expanding upon its field of application, by the addition
of the component circuits stated,

Elaboration upon basic unit 2, is also possible by the addition of
some means, generally known as a frequency modulated multi-wave-
band oscillator covering the i-f. and broadcast band, sometimes the
high frequency band, whereby a frequency modulated signal is avail-
able. (By frequency modulated signal is meant a constant voltage
output which changes over a pre-determined frequency band, as a result
of some action associated with the oscillator, or as a result of a separate
unit intended to perform that function.) This is the unit intended for
visual alignment work.

Investigation of the cathode-ray instrument market brings to light
the fact that certain instruments intended solely for such visual align-
ment and not possessing controlled sweep circuits, are available. It is
possible that this type of unit constitutes a third classification, but we
feel that it is not justified. Recognizing the tremendous versatility of
the cathode-ray tube as used in basic unit 2, the addition of equip-
ment for alignment is just an expansion of its functions, particularly
so when a unit, such as that stated as basic unit 2, can be expanded
to include alignment by means of simple external equipment. Conse-
quently, we openly state that it is preferable to expand basic unit 2 to
include alignment than to expand a cathode-ray system, developed
solely for alignment, to include the functions and capabilities of the
tube equipped with power supply, amplifiers and linear sweep circuit.
We make this statement with the full knowledge that it is possible
that several visual alignment cathode-ray units, intended solely for such
work may make their appearance upon the market. As such, they fill
only one need. When expanded upon, as stated before, the ease of
operation, so much required, is not achieved.

It is true that certain types of units of limited utility are suitable,
if they fill certain needs—when it is definitely known that the needs
considered are all which will ever be required. Thus, the basic unit 1
is suitable for the modulation percentage checking of transmitters, with-
out any additional equipment. But as will be shown later in this vol-
ume, there is much more to the adjustment of a “ham” transmitter than
merely determining the percentage of modulation, so that basic unit 2,
is by far preferable.
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No serviceman, after analyzing the servicing field, can say that the
only function he can see for the cathode-ray tube is its use for visual
alignment. With this thought in mind, we will embark upon the
discussion of the various types of cathode-ray oscillograph units avail-
able in this country and the structure of each. It is not the purpose of
this volume to compare the merits of each of the instruments described
herein. All that we shall do is to discuss the structure of each. De-
cision to buy one or the other must come from the prospective pur-
chaser. The only aid we can give is to describe the operating capabil-
ities of the devices presented.

It might be well at this time to call to your attention something which
you may or may not notice as you examine the wiring diagrams of the
commercial units. The examples of spot displacement, cited in an
earlier chapter, showed all four deflecting plates free and with separate
connections. This is contrary to the electrical connections actually
found in the usual run of three and five-inch tubes. As a general rule,
one plate of each set is joined to the other and connected to anode
number 2, so as to keep these two plates at ground potential. This
gives rise to a slight amount of distortion of the pattern, in the form
of a departure from a perfect square when equal amplitude voltages
are applied to the two sets of plates. However, this amount of dis-
tortion in no way interferes with the normal operation of the tube when
making tests of the type outlined in this volume.

National Union Model 3.5 Cathode-Ray Oscillograph

Various views of this unit are given in figure 54. The schematic wir-
ing diagram is given in figure 55. Referring to the mechanical struc-
ture of the device, the unit will accommodate either a 3-inch or a
5-inch tube. The major variable operating controls are located upon
the front of the panel and the switching controls, to be outlined, are
located in the rear of the metal housing. Incidentally, the construction
just mentioned is undergoing a change during this writing. Advice
has been received that the connecting terminals, now located upon the
rear, will be mounted in front with the variable controls.

Referring to the variable controls, they consist of a rough frequency
adjustment of the linear sweep circuit; a fine frequency adjustment of
the same circuit and an amplitude control, whereby the length of the
sweep beam across the screen is controlled. Also a synchronizing con-
trol, for synchronizing the sweep voltage with the frequency of the volt-
age under observation and the control which adjusts the intensity of the



96 THE CATHODE-RAY TUBE AT WORK

spot. A spot positioning control, operating along the “X” axis is mount-

ed on one side and is accessible through a hole in the housing. From in-
formation gathered at the time of this writing, the new units will also

Photograph at Ie cou_rte ;z;;:onal U:llonﬁt/u;O-Curp. i
Fig. 54. Left, panel of the National Union oscillograph. The cross-section lines
are ruled on a transparent shield that clamps over the screen of the tube.
Middle, chassis showing the 5-inch cathode-ray tube in position. Right, rear
panel to which connections are made to the deflecting plates.
possess a 'Y axis positioning control. A focusing control is also
available through the side of the metal housing. It controls the anode
number 1 voltage.

Referring to the schematic wiring diagram, the unit consists of the
cathode-ray tube, a full-wave rectifier power supply for all of the
voltages, a thyratron sweep circuit oscillator and two single stage re-
sistance-capacity coupled audio amplifiers. By means of pin plugs and
pin jacks, designated as A, D, S, D and A upon the wiring diagram, it
is possible to arrange the single stage amplifiers in such manner that
voltages to be observed and applied to the vertical and horizontal plates,
are amplified. These amplifiers are rated at a voltage step-up of 35
for each stage. It is possible, if so desired, to feed the sweep circuit
through one amplifier to the horizontal plates. It is also possible to
connect the sweep circuit directly to the horizontal deflection plates;
in which case, both amplifiers may be connected in cascade to amplify
the signal being applied to the vertical deflection plates.

By means of these pin jacks, plugs and terminals, direct connection
may be made to the horizontal and vertical deflection plates without
passing through the amplifiers or without involving the sweep circuit.
Each of the amplifiers is independent of the other, so that either one
may be used in connection with the horizontal or vertical deflection
voltages, without making it necessary to employ the other amplifier.
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Provision is made by means of the connecting terminals to employ in-
ternal or external synchronizing pulses. According to the manufac-
turer’s rating, the amplifiers used in the unit are linear from 20 to
100,000 cycles. The range of the linear sweep circuit, according to
the manufacturer is such that frequencies up to 20,000 may be studied.
(Editor’s Note. By using the 5-inch tube, frequencies up to about
100,000 cycles have been studied, although a more reasonable limit
would be about 80,000 to 90,000 cycles.)
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Fig. 55. The schematic diagram of the National Union Model 3-5 oscillo-
graph. The terminals within the dotted square and the two amplifier gain
controls are on the rear of the instrument.

Perhaps it would be well to say a few words about the sweep circuit
used in this instrument. When this sweep voltage is applied to the
horizontal deflection plates without going through the amplifier, the
position of the spot, with the amplitude control set at minimum, is to
the extreme right end of the screen. As the amplitude control is varied,
the spot moves towards the left and the sweep voltage results in a
line, which can be lengthened until it extends across the screen. The
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operation of this system, may prove puzzling, hence this short descrip-
tion. When the unit is placed into operation with the sweep ampli-
tude control set to minimum, the potentiometer adjustment across the
thyratron control grid bias battery is such that the tube is fully ionized
and is, in effect, short circuiting the frequency control condensers.
With the horizontal deflection connection plug in the pin-jack S, the
thyratron cathode potential is approximately that of the plate and since
the free horizontal deflection plate is joined to the cathode, this plate
is positive with respect to its associated horizontal plate and the beam
is deflected towards the free plate and away from the center of the
screen.  During this state, the voltage developed across the frequency
control condensers is substantially zero. It is conceivable that a small
amount of voltage is being built up across these condensers, or that
the amplitude of the sweep voltage is a finite value, rather than zero,
but it is more convenient to think of the sweep voltage at zero, since
the spot is not moving at all and does not appear to be larger than
originally adjusted with the focusing control.

As the amplitude control is varied, a higher voltage is necessary be-
tween the thyratron plate and cathode, in order that the tube trip or
flash. This means that a finite value of voltage is being built up across
the frequency control condensers. As a result of the electrical connec-
tion of the free horizontal plate to the cathode of the thyratron and
since the cathode is connected to what is the negative side of the fre-
quency control condensers, the voltage developed across the frequency
control condensers nullifies a portion of the original potential differ-
ence existing between the two horizontal plates. Also since the free
horizontal plate now is not at the same positive potential with respect
to its associated plate, the spot moves away a certain distance from the
free plate. With this adjustment of the amplitude control, the tube trips
at a definite rate and each time that it flashes, it returns the spot to
its original starting position. As the voltage builds up across the fre-
quency control condensers, the spot again moves across the screen. This
is repeated and the result is a line part way across the screen representa-
tive of the sweep voltage.

As the amplitude control is increased, a greater value of voltage
builds up across the frequency control condensers and the spot is
moved further across the screen and away from its original position,
thus making the sweep voltage line longer. To aid in the movement
of the spot past the center of the screen, the thyratron plate receives
a positive voltage as a result of its junction on the power supply voltage



COMMERCIAL CATHODE-RAY OSCILLOGRAPHS 99

divider. The sum total result is that by means of the sweep circuit
amplitude control, it is possible, as has been stated, to increase the
sweep voltage until the line spreads across the entire screen. This
sweep circuit has its potentiometer sweep analogy in the sweep cir-
cuit shown in figure 29.

As is the case with all thyratron circuits, the linearity of the sweep
voltage is influenced by the amplitude. The lower the amplitude, the
more linear the saw-tooth wave output. More about this later. Re-
ferring to the amplifiers, both have variable gain controls. Synchroniza-
tion of the sweep voltage and the voltage waveform being observed is
accomplished by feeding a small portion of the voltage fed to the ver-
tical deflection plates into the control grid of the thyratron. A poten-
tiometer controls the magnitude of this synchronizing pulse, obtainable
internally or externally. The letters V, H and G designate the ter-
minals; for the free vertical plate as V, for the free horizontal plate as
H and the common ground as G.

In the operation of the sweep circuit, the rough frequency adjust-
ment is accomplished by varying the condensers, five being used and
selected by means of a switch. Fine frequency control is accomplished
by varying the resistor in series with the frequency control condenser
bank. As has been stated in connection with sweep circuits earlier in
this text, adjustment of the amplitude control has an effect upon the
frequency, so that when any adjustment is made upon the amplitude
control to spread the image, a supplementary adjustment will be re-
quired in order to stop the image, so that it is stationary upon the
screen. The fine frequency control is used for this purpose. The in-
strument does not contain a sinusoidal sweep.

Much more can be said about the synchronization control, but per-
haps it is best to wait until we discuss the practical application of these
devices, since the effect of the synchronization adjustment is general
with respect to all units which possess such a control.

Dumont 145 Cathode-Ray Oscillograph

The details given in connection with the National Union model 3-5
cathode-ray oscillograph are applicable in their entirety to the Dumont
model 145 instrument. See Appendix for Dumont Model 148
Oscillograph.

RCA Model TMV.122.B Cathode-Ray Oscillograph
Various views of this unit are shown in figure 56. The schematic
wiring diagram is shown in figure 57. As far as components are con-
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cerned, the instrument consists of a type 885 grid controlled gas triode,
which is in effect a thyratron, as the saw-tooth wave-time axis oscillator,
two individual resistance-capacity coupled amplifiers, a two-tube recti-
fying system, one tube functioning as a full-wave rectifier supplying
the plate and grid voltages for the two amplifiers and the other tube
functioning as a half-wave rectifier supplying the various operating
potentials required for the 906 cathode-ray tube.

Fig. 56. At the right is the front panel view of
the RCA Model TMV-122-B oscillograph and
above is the bottom view. Fig. 22 on page 41
shows the top view of the chassis with the case
removed. All controls are on the fromt panel
with the exception of the two spot positioning
controls, which are on the side.

All of the continuously variable controls are mounted upon the
front of the panel. The spot positioning controls for the “X” and
“Y" axes are accessible through holes in the side of the metal housing.
Referring to the controls on the front of the panel, they are the spot
intensity control, the spot focusing control, on and off control for the
vertical deflection plate amplifier, gain control for the vertical deflection
plate amplifier, on and off control for the horizontal deflection plate
amplifier, which also controls the connection of the sweep circuit to the
horizontal deflection plate amplifier, rough frequency adjustment con-
trol, fine frequency adjustment control, gain control for the horizontal
deflection plate amplifier, switch for selecting the internal or external
synchronization pulse and synchronization control. Also the terminals
for the horizontal and vertical deflection plates and external synchroni-
zation pulse.

Referring to the schematic wiring diagram, the type 879 tube is used
as the half-wave rectifier. The type 80 tube is the full wave rectifier.
The type 885 tube is the time axis voltage oscillator. The two type 57
tubes are the individual amplifiers. A 3-inch type 906 tube is used as
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the cathode-ray tube. There are several significant features which must
be brought to your attention. Selection of the amplifiers is done by
means of switches. Provision is made to feed the vertical deflection
voltage through an amplifier or to the vertical plates without the am-
plifier. However, at no time is direct connection to the plates available
without entering the chassis. A 0.25-mfd. condenser is connected into
the circuit lead to the vertical plates. This condenser is in the circuit,
with or without the amplifier. The same is true of the horizontal de-
flection plate input circuit. The input systems of the two amplifiers
have a blocking condenser of 0.1 mfd. in each grid lead. The gain
control is in the grid circuit of each of the amplifier tubes.

The sweep circuit is tied in with the horizontal deflection plate ampli-
fier, so that whenever the sweep circuit is used, its output voltage is
amplified by the horizontal deflection plate amplifier. Whenever the
switch is set for internal synchronization, a portion of the signal voltage
at the plate of the vertical deflection plate amplifier is fed into the
grid circuit of the sweep oscillator. The amplitude of the synchroniza-
tion pulse is controlled by means of a 1000-ohm gain control poten-
tiometer across the input of the synchronizing pulse transformer. In-
ternal synchronization cannot be used, unless the vertical deflection
plate amplifier also is used. The external synchronization pulse may be
applied with or without the vertical deflection plate amplifier in use.

It is possible that if you try to correlate the four frequency con-
densers, shown in the schematic wiring diagram, with the eight ter-
minals used for the rough frequency control, that confusion may arise.
A variation in frequency is accomplished by automatically switching
different values of fixed resistance into each of the condenser circuits.
The rough frequency control gang switch is in two sections. The first,
third, fifth and seventh positions place the fixed condensers into the
circuit in series with the fine frequency control variable. This takes
care of four of the eight positions. The second, fourth, sixth and
eighth positions of the switch connect a fixed resistor in series with
the rough frequency control condensers, which combination in turn
is connected in series with the fine frequency control resistor. This
takes care of the remaining four tap positions. The design of the
unit is such that each position of the switch changes the frequency of
the sweep in such manner that multiples of the lowest frequency are
available, and with sufficient synchronization, the image remains locked
and all that varies is the number of cycles appearing upon the screen.
The basic equivalent of this sweep circuit is that shown in figure 34.
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You will note in the diagram that the amplitude of the sweep volt-
age is controlled by the horizontal deflection plate amplifier. The
amplitude of the actual sweep voltage developed in the timing axis
tube is definitely fixed, by means of a fixed bias between the cathode
and the ground, which is the return position of the thyratron control
grid. The free vertical and the free horizontal deflection plates are
connected to ground through a 400,000-ohm resistor in each leg,
which joins the voltage divider. This minimizes the collection of a
charge upon either set of plates, when only one set is actually in use.
It is significant to know that the impedance of the synchronizing
circuit input is very low, so that proper provision must be made, when
connecting the high side of this circuit to the external synchronizing
signal source, not to load the circuit supplying the signal. The ground
in the system is common to all of the circuits. The 60-cycle synchron-
izing pulse is secured from a 2.5-volt winding upon the power trans-
former.

Kaltman-Romander Cathode-Ray Oscillograph

Various views of this instrument are shown in figure 58. The con-
necting terminals to the horizontal and vertical deflection plates and

Fig. 58. Above is the panel view of
the Kaltman-Romander oscillograph
and on the right is the side view,
showing the locations of the various
batteries.

external synchronizing signal, are located in the rear of the housing.
All of the other variable controls, inclusive of the switches, are located
on the front panel.

The schematic wiring diagram of the unit is shown in figure 59.
There are five tubes in the complete instrument. They are the 906
3-inch cathode-ray tube, a type 81 as a half-wave rectifier to supply
the anode voltages to the cathode-ray tube, a type 80 full-wave recti-
fier which supplies the plate voltage for the sweep circuit, a type 885
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thyratron and a type 34 pentode, used as the constant current tube in
the sweep circuit. The knobs upon the panel control the rough ad-
justment of the linear sweep frequency, the fine adjustment of the
sweep frequency, the amplitude of the linear sweep, the degree of
synchronization, the intensity of the signal voltage applied to the
horizontal deflection plates, the intensity of the signal applied to the
vertical deflection plates, the spot intensity, spot focus, selection of
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Fig. 59. The schematic diagram of the Kaltman-Romander oscillograph.

internal or external synchronization, direct connection to the vertical
deflection plates, connection to the vertical deflection plates through a
series condenser, exclusion of the vertical deflection plate potentiometer,
internal or external sweep voltage to the horizontal deflection plates
and on-off switch. This unit does not incorporate amplifiers for the
horizontal or vertical deflection plates.

The screen and control gtid voltages for the constant current control
tube in the sweep circuit are secured from batteries. Battery form of
supply is used for the filament current of this tube. A battery form
of supply is used for the control grid of the 885 thyratron. The
synchronization control potentiometer is located in the secondary circuit
of the input transformer, but the impedance of this input circuit is still
comparatively low, about 1,000 ohms.
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The design of the sweep circuit used in this unit is substantially
the same as that illustrated in figure 38. There is no means of posi-
tioning the spot along the “X" or “Y" axis.

National Cathode-Ray Oscillograph

This is what may be classed as being a “basic” unit. Several views
are shown in figure 60. The schematic is given in figure 61. Con-

Fig. 60. Above is shown the interior of the
National oscillograph and on the right is the
panel view with the 3-inch screen of the cathode-
ray tube.
Fig. 61. Below is the schematic diagram of the
National oscillograph. No sweep is provided ex-
cept the 60-cycle sinusoidal voltage from the
power transformer. Other types of sweeps must
be externally supplied.

1, Diagram courtesy National Co.
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trols are mounted upon the front of the housing and upon the right
side. The spot intensity and spot focusing controls are mounted upon
the front panel; also the power supply switch. The horizontal and
vertical deflection plate connection posts are mounted on the side;
also the potentiometer controlling the amplitude of the voltage sup-

plied to the horizontal plates. The unit is equipped with a 60-cycle
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Fig. 62. Above is the schematic diagram of the Clough Brengle Model CRA

oscillograph. The tube complement is as follows: Type 906 cathode-ray tube

with 3-inch screen; 81 rectifier for the anode of the cathode-ray tmbe and

various control voltages; §0 rectifier for supplying the amplifier voltages;

885 tube as the timing axis voltage oscillator; type 2AS as the timing axis

voltage amplifier and a type 57 for amplifying the voltage fed to the vertical
deflecting plates.
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sinusoidal sweep, which can be placed into or taken out of the circuit
by means of a switch located on the side of the housing. This same
switch makes provision for the connection of an external sweep to
the horizontal deflection plates. The sinusoidal sweep voltage is se-
cured from a winding upon the power transformer, hence the fre-
quency of the voltage supplied by this winding is that of the power
supply voltage. Two tubes are used in this instrument, namely the
906 3-inch type cathode-ray tube and an 81 half-wave rectifier, sup-
plying the anode and control voltages for the cathode-ray tube. This
unit is not equipped with a linear time axis oscillator. Direct con-
nection to the horizontal and vertical plates is available through the
terminal posts. There is no means of positioning the spot along
either the "X or "Y" axis.

Clough Brengle CRA Cathode-Ray Oscillograph

The schematic wiring diagram of this unit is shown in figure 62.
Six tubes are used. These are the 906 3-inch cathode-ray tube, an 81
as a half-wave rectifier for the cathode-ray tube anode and control volt-
ages, an 80 as a full-wave rectifier supplying the amplifier voltages, an
885 tube as the timing axis voltage oscillator, a 2A5 as the timing axis
voltage amplifier and a 57 as the amplifier for the signal voltage fed
to the vertical deflection plates. Variable controls are available for
the spot intensity, spot focus, spot positioning along the X" and "Y”
axis, including or excluding the vertical deflection amplifier, gain con-
trol for the vertical deflection, gain control for the horizontal deflection,
rough linear swcep frequency adjustment, fine linear sweep frequency
adjustment, synchronization pulse amplitude, and choice of internal,
external or 60-cycle synchronization pulse. Synchronization between the
sweep and the voltage applied to the vertical deflection plates is avail-
able, with or without the vertical deflection amplifier in the circuit. The
amplifier, which is used to amplify the linear sweep voltage, is not
available for separate use in connection with application of a volrage,
other than the sweep, to the horizontal deflection plates.

The timing axis oscillator is of the type shown in figure 34, with
the addition of an amplifier. The actual amplitude of the sweep volt-
age, developed by the timing axis oscillator, is fixed, as the result of a
fixed bias. The variation in sweep voltage amplitude is achieved by
varying the intensity of the amplified sweep voltage. The amplitude
of the synchronizing pulse is governed by a potentiometer across the
secondary of the input transformer. The primary winding of this trans-
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former is not grounded. However, the impedance of this input cir-
cuit is comparatively low, so that care must be taken when connecting

this circuit to an external source of synchronizing pulse. Photographic
views of the unit are shown in figure 63.

Fig. 63. On the left is the panel view
of the Clough Brengle oscillograph.
Provision is made for using either a
3-inch or 5-inch cathode-ray tube.
Above is the top view of the chassis.

Photo at left courtesy Clough Brengle Co.

According to the manufacturer’s rating, the linear sweep circuit
has a frequency range of from about 20 to 15,000 cycles as fundamental
frequencies. As such, with about 6 cycles on the screen, observation
of frequencies up to about 90,000 cycles is possible.

Other Cathode-Ray Oscillographs

There are available a number of other cathode-ray oscillograph units,
produced by manufacturers not mentioned. The exact nature of these
units is not known, but from available information, we can hazard the
statement that they do not depart from what constitutes the features
of the instruments described thus far. There may be slight variations,
but as a general rule, recognizing existing requirements, most of the
devices within a certain price class, are very similar in unit design,
components and capabilities. One of the prominent manufacturers of
oscillographs, intended for laboratory and industrial work, but whose
units are not described herein because the data was not available, is
General Radio Co. The absence of schematic and other data is due
primarily to the fact that it was not supplied. The other schematics
shown were supplied with the equipment which was purchased for use
in connection with the preparation of this volume in the Successful
Servicing Laboratory, owned by the publishers of this volume.
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It is necessary at this time to call your attention to the fact that we
consider alignment operations as just another practical application of
the cathode-ray oscillograph, hence we will describe the cathode-ray
instruments, intended solely for alignment or the development of
response curves, when we discuss the development of response curves.
Furthermore, since any one of the cathode-ray oscillographs described
thus far can be used for the development of a response curve by the
addition of other equipment, we shall show and discuss those units,
when we apply the cathode-ray oscillograph to alignment operations.



CHAPTER V

PRACTICAL APPLICATION OF THE CATHODE.-
RAY OSCILLOGRAPH

Practical applications of the cathode-ray oscillograph, there are
plenty. To present a list of its practical uses and to enumerate again
these units in connection with the actual work, would be just so much
duplication.  Accordingly, we shall omit the usual list and consider
each application in turn.

When talking about certain operating characteristics of cathode-ray
oscillographs, we must take for granted that you who read these pages
possess the type of equipment which is covered by this text. Of course,
it is possible that the unit you own or operate may not be as versatile as
that which we discuss. In that event a portion of what is said in these
pages will apply to your equipment and you will be familiar with what
other effects are experienced or introduced as a result of the manipu-
lation of the controls existing in more elaborate equipment. However,
there are certain subjects which can be discussed with total freedom,
since they encompass operating features common to all types of cathode-
ray oscillographs.

In as much as the general operation of the instruments is generally
useful information, we shall start the discussion of practical applica-
tions by describing those points which come under the general opera-
tion category.

Spot Position

Spot positioning is a very important operation. While it is true
that tubes should be manufactured in such manner that the normal
position of the spot is in the center of the screen, certain slight dis-
crepancies may arise, which will cause the spot to be off-center. This
may be experienced when cathode-ray tubes are changed, or as a result
of aging of the spot positioning resistors, or perhaps imperfect ad-
justment during some test. Unless the tube is so designed, that the
normal position of the spot is off center (which is not the case in units
now being sold), the first adjustment is the correct positioning of the

110
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spot. If the unit on hand does not include spot positioning controls,
then some other means, to be mentioned later, must be used. In the
meantime, we shall assume that spot positioning controls are available.

The spot can be moved in two directions, vertically and horizontally
across the tube. Figure 64 illustrates nine positions of the spot upon
the cathode-ray screen. You will note a slight halo around the spot.
This indicates an incorrect adjustment, as will be described later.
However we deliberately made the spot larger than normal and ex-
posed the film for a long time in order to bring out the full limits
of the tube screen. Consider these illustrations from the angle of spot
position only and not from the size of focus of the spot. These position
adjustments were obtained by varying the vertical and horizontal spot
position controls. Of these nine, only one is the correct position, and
that is figure A. All the other pictures indicate location of the spots
in incorrect positions.

Location of the spot in the correct position is important, because
it influences the placement of the image upon the screen. The screen
is not a perfectly flat surface and with the spot off-center, examination
of a waveform, which may not have equal amplitudes for its positive
and negative alternations, may place one portion of the image off the
screen. Then again, spot positioning is also important, in order to
permit the viewing of just such an image which does not have equal
amplitudes both sides of the zero line. Whereas under one condition,
the spot must be in the center of the screen, in the other, it may be
necessary to move the spot above or below the center along the “Y”
axis.

Often, when viewing resonance curves, when a comparison of ampli-
tude is being made, the spot may move off the screen at the peak point.
To bring the image within the screen limits the spot would be moved
down from the center, along the "Y"" axis. For an inverted resonance
curve, with the conditions cited, the spot would be moved up from the
exact center, along the "Y"” axis. However, normal operation requires
exact centering. After each change, for certain types of test, the spot
should be moved back to its original position,

Whatever the type of cathode-ray instrument, the horizontal and
vertical plates must be connected to ground, when adjusting the spot
position. This ground can be effected by connecting a 500,000-ohm
resistor between the free vertical deflecting plate and ground and a
similar resistor between the free horizontal plate and ground. In-

struments, which are equipped with gain control in both deflecting
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Fig. 64. A shows the correct position of the spot at the screen’s center.

B, C, D and E show the spot above, below, to the right and to the left of the

center respectively. The spot in E happened to coincide with the reflection

of the light on the external surface of the tube. F, G, H and I show the spot

in the different quadrants. It should be noted that the size of the spot was

made very large intentionally and it was too intense, as is evidenced by the
halo surrounding it.
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plate circuits, automatically are connected to ground. However,
units which are arranged in such manner that direct connection is pos-
sible to the plates of the cathode-ray tube, require such ground-
ing resistors. If the plates are allowed to float, they will collect elec-
trical charges, which will interfere with correct positioning of the spot.

Referring to figure 64, A is the correct position. In B, the spot
has been moved up along the Y axis. In C, the spot has been moved
down along the “Y” axis. In D, the spot has been moved to the right
along the "X axis. In E, the spot has been moved to the left along
the "X” axis. In F, the spot has been moved into the first quadrant,
to the right of the vertical reference line and above the horizontal
reference line. In G the spot is in the second quadrant, to the left
of the vertical reference line and above the horizontal reference line.
In H, the spot is in the third quadrant, below the horizontal reference
line and to the left of the vertical reference line. In I, the spot has
been moved to the fourth quadrant, to the right of the vertical refer-
ence line and below the horizontal reference line,

There are several ways of positioning the spot when the normal
voltage divider adjustments are not available. The old suggestion to
position the spot by means of an external magnet, placed near the
deflecting plates on the outside of the tube is not satisfactory, because
it distorts the image formed when the spot is made to move. For
that matter, such a condition must be guarded against. Time and
again, an external field may cause the spot to be out of position. To
insure against such action, the metal case housing the cathode-ray unit,
must be grounded. If the tube is used without a metal housing or
shield, it should be kept away from all steel or from units which de-
velop strong, magnetic fields, unless, of course, a test is being made,
which requires that a strong magnetic field act upon the spot.

A fairly satisfactory method of centering the spot, when the proper
controls are not available, is to sweep a horseshoe magnet back and
forth across the tube, near the plates. By properly orienting the mag-
net with respect to the plate and noting the movement of the spot,
correct placement will be achieved. The magnet need not be closer
than perhaps six inches from the tube. The average horseshoe magnet
about 3 inches long is big and powerful enough. It may be necessary
to place the magnet closer to the tube. Experience will indicate the
correct distance. As a general rule, the amount of correction required
is not very great, for a fairly high degree of uniformity exists between
tubes.  The magnet should be moved past the tube, parallel with the
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neck of the tube and then the change in spot position noted.

Take care that such a remedy is applied, only when it is needed.
Make certain that the off-center position of the spot is not due to cir-
cuit adjustment, as, for example, in the National Union instrument,
the normal position of the spot, when the sweep is in operation and
adjusted to minimum amplitude, is at the extreme right hand side of
the viewing screen.

The use of a biasing battery in the vertical or horizontal deflection
plate circuit is quite in order. The battery is connected into the free
deflection plate lead. However, this battery can be utilized only if
direct connection to the plates is possible. If a blocking condenser is
used in the circuit, the battery biasing arrangement cannot be employed.
The amount of voltage required for the battery is dependent upon the
amount of spot position shift desired. The battery voltage may be
controlled with a potentiometer. The complete biasing voltage source
in series with a 3.0 or 5.0 megohm resistor may be connected between
the free deflecting plate and the ground plate. The signal voltage to
be observed or applied across the same set of plates, then is applied
to the cathode-ray tube in normal fashion. The high resistance in
series with the battery serves to maintain the input impedance of the
biased set of plates at a reasonably high value. The circuit which sup-
plies the signal voltage to be observed is connected across the free plate
and the grounded plate. This signal feed circuit may incorporate the
blocking condenser if desired. Since most of the commercial units
incorporate blocking condensers, it will be necessary to make proper
contact inside the unit, in order to apply the biasing voltage.

Spot Focusing

We have made reference to the fact that the spot intensity or bril-
liancy and focus influenced the detail of the image appearing upon the
screen.  Once the spot has been properly centered, which operation
need be carried out but once for each tube, the next item is the focus-
ing and brilliancy adjustment. As a general rule, for any one focus
adjustment arrived at in conjunction with the brilliancy adjustment,
it is necessary to operate but one control, to maintain the same detail
of image. This is true for certain periods of time. Naturally, as the
tube ages, the emission characteristic varies and the rectifier tube emis-
sion varies, so that both brilliancy or intensity and focus controls must
be readjusted.

Figure 65 shows three photographs of spot images. A is the cor-
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rect spot size, attained by proper adjustment of the intensity and focus
controls. Note that the spot is uniformly round, without any jagged
edges. B shows a spot which is out of focus. Note that the spot is
somewhat elliptical and has a slight fringe. C shows a spot which

Fig. 65-A. Left. The proper size of the spot. Note that it is round and has

smooth edges. Fig. 66-A. Right. The line resulting when a voltage is

impressed on the horizontal deflecting plates. Note that it is uniform in
thickness.

Fig. 65-B. The spot is here out of focus, evidenced by its elliptical shape.
Fig. 66-B shows the resulting line when this spot is spread across the screen.
Note its non-uniformity of thickness.

is too intense. You can see the halo around the spot. The effect that
the intensity and focusing adjustment has upon the image is shown in

figure 66. A voltage was applied to the horizontal deflection plates,
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for each of the conditions shown in figure 65. A is the line developcd
when the spot is correctly focused and of proper intensity. As a mat-
ter of fact, it is necessary to readjust slightly the intensity control when
the spot is spread into a line or image, to maintain the intensity of

Fig. 65-C. Here the intensity control was too far advanced, this being
evidenced by the halo around the spot. Fig. 66-C. The spot of Fig.65-C shows
a trace that is broad at one end and narrow at the other.

the spot. This is so because the spot is in motion. Note that the in-
tensity of the line is uniform, its width is even throughout its length
and that the width is equal to the diameter of the spot. Actually,
correct intensity and focusing produces a spot which is about 1/64 or
perhaps 1/32 inch in diameter.

The out of focus adjustment, shown in figure 65-B, develops a line
which is wider at one end than at the other. Improper intensity and
focusing adjustments may switch the wide portion from the right side
to the left side, but one side will always be wider than the other. Ex-
cessive intensity is indicated in figure 66-C. Note the ragged edges
and the excessive width of the line. Such a spot adjustment would
kill all detail in a pattern.

As far as intensity adjustment is concerned for any one correct focus
adjustment, let it be known that the minimum brilliancy consistent
with ease of examination of the image, is the best adjustment. Of
course, if the image is to be photographed, as we have done, then far
more brilliancy is required. Nothing is gained, when viewing the
image with the eye, by making the image very brilliant. As a matter
of fact, a stationary image of excessive brightness is apt to damage the
screen of the tube, if the image is allowed to stay on the screen for
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too long a time. A single brilliant spot should not be allowed to stay
on the screen for too long a time. It will burn the screen and that
part of the screen will thereafter not fluoresce as brilliantly as the bal-
ance of the screen.

Sweep Circuit Control

The oscillograph is valuable because it enables observation of various
alternating phenomena. One of the reasons why such observation
is possible is that the device provides a time base. In the majority
of cathode-ray tube instruments, the greater majority at that, this time
base is of a variable frequency. In a few isolated cases, the time base
is the 60-cycle supply. Since this type of time base, and we are speak-
ing about what is known as the 60-cycle sweep, is of very little, if any
value, we do not deem it worthwhile to devote space to it as a sweep
circuit. Instead it shall be considered as just a sinusoidal wave applied
to the horizontal plates in connection with the development of Lis-
sajous’ figures. . . . Do not confuse this reference to a 60-cycle sine
wave sweep with a GO-cycle synchronizing pulse, which will be dis-
cussed in a subsequent paragraph. The two are very definitely differ-
ent, although the original signal is secured from the same place. In
the immediate paragraphs to follow, we shall dwell upon what has
been presented as being the linear sweep or timing axis.

There are numerous pertinent facts relating to the operation of a
sweep circuit which you should know and understand. The frequency
relation between the sweep circuit voltage and the voltage being ob-
served or to be observed, has very much to do with the ease of making
such observations. If it is necessary to make photographic records of
the pattern upon the screen, even greater stress must be placed upon
proper application of the sweep system. As we stated in a preceding
paragraph, the amplitude of the sweep voltage has a bearing upon the
shape of the image and it is necessary for the person, who is using the
equipment, to understand the nature of the circuit employed in the
instrument, so that he can employ the device to greatest advantage and
with greatest accuracy.

Subsequent paragraphs will be devoted to what can be generally
called “the ways and means of developing waveform images upon the
screen.” However, we hasten to say that this discussion will not in-
clude what is really the interpretation of waveforms. That will fol-
low later. Before walking, we crawl. So it is with the operation of
the oscillograph, for if the proper means are not employed when
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establishing the wave upon the screen, the imperfect shape of the wave,
due perhaps to improper handling of the instrument, may result in
false conclusions. You may find it necessary, as we progress through
this discussion, to refer back to some of the earlier diagrams showing
the development of waves of various types by means of spot position.

As has been stated earlier in this chapter, linear sweep circuits, used
in modern cathode-ray oscillographs, are of the variable frequency type.
As a result of the controls available upon the panel, it is possible to
select any one frequency within the range of the device and to produce
a sweep voltage, or timing axis voltage, of the pre-determined fre-
quency. In as much as these sweep circuits are only partly calibrated,
a rough and fine frequency adjustment is available. The band selection
is made by means of the rough adjustment and the final adjustment to
the required frequency is made by means of the fine control, which, as
has been shown, is a resistance of one type of another, which controls
the rate of charge in one type of sweep circuit and the rate of dis-
charge in another type of sweep circuit. The process of distinguishing
whether the charge or discharge portion of the cycle is being used for
the sweep, is nothing more than an examination of the circuit being
used. As a matter of fact, knowledge of this type is not essential to
the proper application of the instrument.

The Sweep Frequency

The frequency selected for the sweep circuit usually is a sub-multiple
of the frequency of the voltage wave to be observed. In other words,
the frequency of sweep circuit is less than the frequency of the voltage
wave to be examined. The result is that several cycles of the wave to
be observed are developed on the screen. Of course, it is not im-
perative that several cycles be developed upon the screen. One cycle
would do, but since better judgment of the true shape of the wave
under examination is possible when several cycles, say two or three or
three or four, are upon the screen, the sweep frequency is varied until
this number of cycles appear upon the screen. Irrespective of what the
frequency of the wave to be observed, providing that it is within the
limits of the cathode-ray oscillograph, which means about 100,000
cycles with today’s equipment, the number of cycles which appear upon
the screen vary directly in proportion with the integral ratio between
the frequency of the wave being observed and the sweep frequency.
If the wave being observed is at 5000 cycles and the sweep fre-
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quency is 1000 cycles, five cycles will appear upon the screen. If the
sweep frequency is 2500 cycles, two cycles appear upon the screen. If
the sweep frequency is 500 cycles, ten cycles will appear upon the
screen. If the sweep frequency is 5000 cycles, one cycle will appear
upon the screen.

Now, it is important to understand that some form of pattern will
exist upon the screen for all ratios between the sweep frequency and
the frequency of the wave to be examined. However, the nature of
these patterns is too complicated to be of any value and, as a general
rule, the patterns are moving. To establish the waveshape of the
voltage applied to the vertical deflection plates, it is necessary that the
pattern appeating upon the screen be the simplest showing the wave
shape. Such a pattern is established when the relation between the
sweep frequency and the frequency of the voltage under observation,
is a simple integral ratio and not a fractional ratio. When
this simple ratio exists, such as 2-1, 3-1, 4-1, 5-1, etc. and the lower
frequency is that of the sweep circuit, the maze of lines moving across
the screen will develop into a simple waveform. Whether or not this
wave will be sine or distorted, depends upon a number of factors,
which need not be discussed at this time. At any rate, the pattern
desired is that which has a single line waveform of one or more cycles.

The greater the ratio between the sweep frequency and the frequency
of the voltage under observation, the greater the number of lines which
appear in the pattern, during the time that a fractional ratio exists
between the two frequencies. However, as the sweep frequency is
changed and approaches that value which provides the simple integral
ratio, the number of lines in the pattern becomes less and less, until a
single line waveform pattern appears. This adjustment is reached by
manipulating the fine frequency control.

The Synchronizing Control

Before showing you examples of various patterns, we want to re-
mind you of the synchronizing control, which is also available on the
majority of cathode-ray oscillographs. This part of the instrument is
the means whereby the image upon the screen is kept stationary for
observation. What is accomplished, as a result of the synchronization
adjustment, is that the sweep frequency is “locked in step” with the
frequency of the signal being observed. This is done by feeding a
small portion of the voltage to be observed, which has been applied
to the vertical plates, to the input circuit of the timing axis or sweep
voltage oscillator tube. These pulses will maintain the frequency of
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the sweep oscillator at the setting made to develop the proper image.
As stated before, one of the properties of a relaxation oscillator, such
as is used to produce the timing axis, is to keep step with a frequency
which is applied to the input circuit of the oscillator. The sweep
oscillator will keep step with this synchronizing pulse, be the pulse a
sub-multiple or a multiple of the frequency of the sweep oscillator.
This locks the image and it stands stationary upon the screen.

Hence, after the preliminary adjustment of the sweep frequency to
produce the required pattern, the synchronizing control is manipulated
so as to keep the image stationary upon the screen. For operation of
the type being described, the synchronizing selector switch would be
set to the “internal” position. Just what is meant by this internal
position can be gleaned by examination of the RCA, National Union
or Clough-Brengle oscillograph circuits. In the first unit you will
find that a portion of the signal voltage, developed across the vertical
deflection plate amplifier, is fed to the synchronizing circuit of the
sweep oscillator. In the case of the other two units, you will find that
a portion of the signal voltage fed to the free vertical deflection plate
is also fed to the synchronizing circuit of the sweep oscillator. At times,
a slight readjustment of the fine frequency control is required after the
synchronizing control is manipulated. This is so because of the change
in frequency of oscillations created in the sweep circuit, as a result of
the application of the synchronizing pulse. The greater the amount of
synchronization voltage, as determined by the setting of the control,
which usually is a potentiometer, the greater the effect upon the fre-
quency of the sweep circuit. At times, as shall be shown, the degree of
synchronization also influences the shape of the pattern.

It is necessary that you understand the operation of the synchroniz-
ing adjustment, otherwise you will find it extremely difficult to pro-
duce a stationary pattern upon the screen. The frequency adjustment
of the sweep circuit, when correct, will stop the image, but the image
will not stand stationary, because of slight drift in the source of the
voltage being observed and in the relaxation oscillator. But when the
sweep has been synchronized with the voltage under observation, the
pattern will remain stationary despite slight changes in frequency of
the voltage being observed, because these changes in frequency, being
transmitted to the relaxation oscillator tube, also tend to change slightly
the relaxation oscillation, and thus keep the sweep circuit in step with
the frequency being observed.

Let us now assume the application of a 700-cycle sine wave voltage
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to the vertical plates. This figure is mentioned because it happened
to be the frequency used to make the photographs which follow. With
the synchronization control advanced somewhat beyond its minimum
setting and the rough adjustment of the linear sweep frequency set to
around 700 and then followed by the manipulation of the fine adjust-
ment until a single line pattern appears, we develop an image such as

Fig. 67. The sine-wave voltage impressed on the vertical plates and the

sweep voltage are both 700 cycles, resulting in the appearance of a single

cycle on the screen. In A and B, the sweep amplitude is insufficient to give

a true image; whereas in C the wave is spread out enough to present a
substantially undistorted image.

in figure 67-A. This is a single cycle of the 700-cycle voltage applied
to the vertical plates. The sweep and signal frequencies are the same.
Obviously, it is not the most perfect looking wave. The image stands
still. There are several reasons why a perfectly symmetrical wave is
not upon the screen. One of these is the amplitude of the sweep. The
second is that the sweep is not absolutely linear and tends to distort
a single cycle. Also there exists too much synchronization; that is,
the synchronization control is advanced too far. Also there is imperfect
phase relation between sweep and signal. With this single cycle upon
the screen, we can experiment with the action of the sweep amplitude
We increase the sweep amplitude control. In the unit we were using,
the sweep amplitude control was the horizontal deflection plate ampli-
fier. The actual sweep voltage developed by the thyratron was fixed
in amplitude. The amplitude variation was accomplished by the am-
plifier gain control. The amplitude is increased and the image shown
in figure 67-A now looks liké 67-B. The fact that the return trace is
not in the middle of the pattern is due to the phase relation between the
sweep and signal voltages. The phase can be altered by slowly adjust-
ing the fine frequency control.

We now reduce the frequency of the sweep circuit and after a number
of complex images appear, we develop three cycles upon the screen,
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The sweep amplitude adjustment is the same as it was for figure 67-C.
The three cycles are shown in figure 68-A. It now is possible to judge
the character of the wave. We reduce the amplitude of the sweep
voltage by varying the amplifier control. The vertical deflection plate
amplifier has not been changed, as is shown by the uniform vertical
amplitude. The new image appears as in figure 68-B. If you compare
figures 68-A and 68-B, you will note that the rounded tops of the sine
waves appear more pointed in figure 68-B. The reason for that is the
reduced sweep amplitude. It is possible to judge the character of the
wave by examining figure 68-B, but not so well as in figure 68-A.
Obviously, a certain sweep amplitude is required for the development
of an image which is suitable for inspection.

Fig. 68. The sweep amplitude of A is the same as that in Fig. 67-C, but the

sweep frequency has been reduced so that three cycles appear on the screen.

When the amplitude of the sweep is reduced, as in B, the peaks of the waves

become sharp and make it difficult to get a true idea of the wave’s shape.

In C the sweep frequency has been further reduced with the result that the
peaks are more pointed than in B.

We reduce the sweep frequency still further and we now have 8
cycles upon the screen, as in figure 68-C. The character of the wave
can be judged by examining this image, but not so well as in figure
68-A, hence we come to the conclusion that between three and four
cycles upon the screen is most satisfactory for wave form examination.

What information can we glean from the images shown in figures
67-A to C and 68-A to C? First, that the greater the number of cycles
upon the screen, the more crowded the image; that is, the closer is one
cycle to the other and the more difficult is it to examine the character
of the wave. A rounded peak looks like a sharp peak, when the cycles
are crowded. Second, that it is difficult to judge a wave by looking at
one cycle, so that more than one cycle should be placed upon the screen.
Third, that irrespective of the number of cycles shown upon the screen,
the width of the image is determined by the sweep ampiitude. Fourth,
that by varying the sweep frequency, we can vary the number of cycles
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upon the screen. We hasten to add, that the character of the sweep
circuit which produced these waveforms is fairly linear. The effect of
non-linearity, as a result of increased amplitude will be shown later.

Suppose that the synchronization control is not properly adjusted.
There are two conditions of incorrect adjustment: insufficient synchroni-
zation, in which case the image will not be stationary, and over syn-
chronization, which will distort the pattern somewhat and also change
the frequency of the sweep. Neither one of these adjustments is cor-
rect. Insufficient synchronization is due to insufficient voltage fed into
the sweep circuit oscillator. Over-synchronization is caused by excessive
voltage fed into the sweep circuit oscillator. Both are, as a rule, due to
incorrect adjustment of the synchronization potentiometer. It is also
necessary that you realize that the synchronization voltage adjustment
is influenced by the sweep amplitude adjustment, when using a sweep
circuit, which has as its amplitude control a unit which actually in-
creases the amplitude of the sweep voltage out of the relaxation oscilla-
tor tube. As this voltage is increased, it may be necessary to advance
the synchronization control, thereby the synchronization voltage, in
order to keep the image *locked.”

Fig. 69, left, Fig. 70, right. Two examples of patterns that are under-synchron-
ized. The fine lines in Fig. 69 can be seen to follow the usual outline of a
sine wave. This can be readily seen in Fig. 70.

As a general rule, the greatest variation in the image takes place
when the image is under-synchronized. Then the pattern drifts. Of
course, this is a matter of design of the instrument. An example of a
complex image which is under-synchronized and which has become
steady after synchronization, is shown in figures 69 and 70. Two more
examples are given in figures 71 and 72. The images in figures 70
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and 72 are still not perfectly synchronized. Correct synchronization
adjustment comes with experience, because it is a variable and is often-
times closely allied with other controls in the unit. Not that this latter
condition is desired, bu it is an actual condition in practice.

Fig. 71, left, Fig. 72, right. The pattern shown in Fig. 72 resulted from adjust-
ing the synchronization control a trifle after the patterm in Fig. 71 was
photographed. The pattern in Fig. 72 is still under-synchronized.

Referring once more to images appearing upon the screen as a result
of the relation between the sweep frequency and the frequency of the
voltage to be examined, we have considered sweep frequencies lower
than the frequency of the voltage applied to the vertical deflection
plates. Suppose that we consider the reverse, where the sweep fre-
quency is higher than the signal frequency. The patterns resulting
from such conditions are seldom experienced in practice, because they
have no real value. However, since the image may appear, you might
just as well be familiar with its appearance.

The image which appears when the sweep frequency is twice the
signal frequency. (See figure 27 for graphic example.) Under ideal

Fig. 73. The image resulting when the
sweep frequency is twice the frequency of
the wave being observed. Compare Fig. 27.
Such a pattern is difficult to stop on the
screen, as the points are moving on the
fastest portion of the cycle. The top and
bottom halves of the wave should coincide.

conditions, which are quite difficult to attain, because it is necessary to
get two points, moving at the most rapid rate during a cycle, to coincide,
the image which appears upon the screen is shown in figure 73. The
two half cycles should coincide. The open gap between the two ends
resulted from imperfect timing of the photograph, although quite some
time was spent trying to secure a perfect pattern. The most common
type of pattern which appears when the sweep frequency is two times
that of the voltage being observed is that shown in figure 74. This
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differs from figure 73 in but one respect: namely, phase relation be-
tween the sweep voltage and the voltage being observed. The appear-
ance of a pattern, that of figure 74, when it is not stationary, or when

Fig. 74. When the sweep frequency is
twice that of the wave being observed,
the pattern at the right most commonly
appears on the screem. This differs
from the image of Fig. 73 because of a
different phase relation.

it is moving, because of some slight discrepancy of the sweep frequency
or under-synchronization, is shown in figures 75 and 76.

An example of what is really a useless pattern for the observation
of wave shape is shown in figure 77. The sweep frequencv is four

Fig. 75, left, Fig. 76, right. The stationary pattern o) Fig. 14 is here shown
when the sweep frequency is not properly adjusted. These two patterns
resulted from varying the synchronizing control slightly.

times as great as the frequency of the voltage applied to the vertical
plates. Patterns of this type are valuable for frequency calibration,
which subject will receive proper attention later, but as far as wave-
form checking is concerned, such patterns are of little use. To examine

Fig. 77. The sweep frequency is four times the signal’s frequency in both
patterns. While these two patterns are useless for studying the character of
the waveform, they can be used for frequency calibration.

properly the waveform of the 160-cycle signal, the correct adjustment
of the sweep frecluency would be about 40 cycles. The patterns shown

in figure 77 were obtained with just enough synchronization to keep
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them stationary long enough to photograph. For visual observation of
waveform the image can be moving slowly, so that even less synchroni-
zation can be used. An idea of what happens when too much synchro-
nization voltage is applied to the patterns of figure 77 is shown in
figure 78. Note how the sides have been pulled in.

Fig. 78. By applying too much syn-
chronization to the pattern of Fig. 77,
the image at the left was obtained.
Note that the pattern is no longer
symmetrical.

A better idea of what happens when the synchronizing voltage is too
great is shown in figures 79 and 80. Figure 79 shows a single cycle
stopped by applying the synchronizing voltage. The application of
the maximum synchronizing voltage available changed the pattern to
that shown in figure 80, an excellent case of distortion.

Fig. 79, left, Fig. 80, right. The proper amount of synchronizing voltage was
applied to get the single cycle of Fig. 79. When the maximum amount of
synchronizing voltage was applied, the distorted figure of Fig. 80 resulted.

The various illustrations offered in connection with the development
of 2 wave upon the screen employed a sine-wave voltage applied to the
vertical plates. This voltage may be distorted without changing mat-
ters in the slightest. This is shown in figure 81, which picture illus-
trates two cycles of a distorted wave. Actually this is the waveform of
the voltage developed by one of the generators used in our laboratory.
Varying the length of the sweep would close the pattern or open the
pattern still more. The width of the alternations would be greater or
smaller, depending upon the manipulation of the sweep amplitude con-
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trol, assuming that this adjustment did not vary the linearity of the
sweep voltage. The sweep frequency used to produce figure 81 was
about 30 cycles. An example of incorrect frequency adjustment of the
sweep circuit is shown in figure 82. The pattern also shows over-syn-
chronization, evidenced by the fact that the terminations of the two-line

Fig. 81, left, Fig. 82, right. Even though the wave impressed on the vertical

plates of the cathode-ray tube is distorted, as in Fig. 81, the same need for

proper synchromisation exists. Improper adjustment of the synchromizing
control is responsible for the pattern of Fig. §2

pattern are not beneath each other. A slight variation of the sweep
frequency produced the image shown in figure 81. The vertical ampli-
tude in figure 82 is slightly less than that of the image in figure 81.

External Synchronization

All of the patterns shown thus far were synchronized, when so
stated, by adjusting the synchronizing control switch or circuit to inter-
nal synchronization. Similar patterns would be developed if the switch
were adjusted to external synchronization. However, in this case, it
would be necessary to connect the external synchronization terminals
upon the cathode-ray tube unit to the source of the voltage, which
supplies the vertical deflection plates.

Normally, one would imagine that the two terminals provided for
the external synchronization voltage input could be connected across the
voltage source feeding the signal to the vertical deflection plates. Such
is not the case, because of the very low input impedance of the synchro-
nizing circuit. Accordingly, when connecting the “high” terminal of
the synchronizing circuit to the voltage source, insert a 50,000 or
100,000-ohm resistor in series. The ground terminal can be connected
to the grounded side of the voltage source. In the event that the ar-
rangement of grounds is such that a common lead cannot be used, a
condenser may be connected into the circuit. In the event that the use
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of a 50,000 or 100,000-ohm resistor does not supply sufficient synchro-
nization voltage, use a lower value, but bear in mind that the input
impedance of the synchronizing circuit is comparatively low.

60-Cycle Synchronization

It is customary to provide a GO-cycle synchronizing signal with
cathode-ray tube units. This voltage is selected by means of the switch
which controls the source of the synchronizing signal; that is, whether
it is “internal,” “external” or “60-cycle.” The GO-cycle voltage is se-
cured from some part of the power supply system. It is necessary to
understand that this G0-cycle voltage is not the sweep voltage. All it
does is to actuate the sweep oscillator, depending upon the frequency
setting, to generate saw tooth pulses, which are multiples or sub-
multiples of GO cycles or whatever the frequency of the power supply
operating the cathode-ray tube unit may be.

Reference has been made to the fact that some oscillographs contain
a 60-cycle or so called “harmonic” sweep. It should be understood that

Fig. 83, left, Fig. 84, right. The vertical amplitude in Fig. 83 is correct for
observation of the waveshape. The same wave was photographed for Fig. 84,
but the vertical deflection plate voltage was increased to such an extent that
one peak of the wave is blurred as it touches the rounded portion of the screen.

this arrangement possesses a limited utility in that it can not be used
for the examination of waves other than those at frequencies which are
multiples or sub-multiples of 60 cycles. Even at these frequencies, ex-
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amination of the wave form is extremely difficult and the ordinary
linear sweep is greatly to be preferred. However, in large communities,
which maincain an accurate check on the power frequency, the harmonic
sweep can conveniently be used as a frequency standard for calibration
work at audio frequencies. Bear in mind that while the average power
frequency over a period of time is kept at a high degree of accuracy, the
frequency at any given time may be off to an appreciable degree.

Vertical Amplitude

The various images shown thus far were made with the vertical
amplitude of the proper level to place the image in the center of the

Fig. 85. The same wave as was
shown in Figs. 83 and 84 is illus-
trated at the yight. When this
photograph was made the vertical
amplitude voltage was increased so
that the peaks of the wave were
entirely off the screen, and the pat-
tern is useless for observation of the
shape of the wave.

screen. It is quite natural to assume that such would be done in
practice. Excessive amplitude of the vertical voltage will cause the
image to be partly on and partly off the screen. The peaks of the
waves will be off the screen. As a matter of fact, if the vertical ampli-
tude adjustment is such that the peaks of the wave are located at the
boundaries of the tube screen, these peak images will be distorted,
blurred and hard to distinguish. These facts are shown in figures 83,
84 and 85. The image shown in figure 83 is ample for all observation.
The adjustment of the vertical deflection plate voltage was increased
too much and the pattern shown in figure 84 resulted. The peaks of
the wave are at the boundaries of the tube and are blurred. Figure 85
shows the peaks off the screen.
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It is difficule to designate the cotrect size of the image. That is up
to the operator and is also limited by the intensity of the original volt-
age. At times the gain in the amplifier, contained in the cathode-ray
tube unit, is not sufficient to produce an image which is more than
perhaps .5 or .75-inch high. Unless additional amplification is used,
one will have to be satisfied with an image of such vertical proportions.
There are times when even this amplitude is not available.

A certain relation exists between the adjustment of the vertical de-
flection voltage gain control, ot vertical amplitude, and the synchroni-
zation adjustment. This is so in every one of the cathode-ray tube
units adjusted for internal synchronization. The reason is easy to un-
derstand when you examine the wiring diagram. The synchronization
voltage is secured from either the plate circuit of the vertical deflection
amplifier or from the vertical deflection plate circuit of the cathode-ray
tube. As such, the higher the level of the vertical deflection voltage, as
determined by the setting of the vertical deflection amplifier gain
control, the greater the synchronization voltage, for any one adjust-
ment of the synchronization control. That is why you may find that
whten the synchronization control has been advanced beyond its mini-
mum setting, an adjustment of the vertical deflection amplifier gain
control acts upon the degree of synchronization.

Horizontal Amplitude

Although we have made mention of the horizontal amplitude with
respect to the number of cycles which appear upon the screen and the

Fig. 86, left, Fig. 87, right. The same wave is shown in both

illustrations with the same vertical deflection voltage applied.

The horizontal deflection voltage has been increased in
Fig. 87, so that the wave appears to be much flatter,

relation between this number and the ease of examining a waveform or
image, whatever it may portray, we did not state that excessive ampli-
tude in the horizontal direction, when the vertical deflection is not
very great, will change the apparent shape of the pattern. Examine
figures 86 and 87. Figure 86 shows a pattern of a small vertical de-
flection voltage and small horizontal deflection voltage. The sine
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character of the wave form is evident. In figure 87, the vertical deflec-
tion voltage was maintained constant, but the horizontal deflection
(sweep amplitude gain control) was increased. Note how much flatter
the wave appears. Accordingly, it is obvious that an optimum setting
between the horizontal deflection, or sweep amplitude gain control, and
the vertical deflection gain control is necessary in order to cause no
apparent distortion of the image.

Distortion Due to Non-linear Sweep Voltage

We have shown a graphic example of how a non-linear sweep volt-
age distorts the image upon the screen. The distortion takes the form

Fig. 88, left, Fig. 88-A, right. The sweep of Fig. 88 is almost a straight line

and so a sine wave swept by such a linear wave will be undistorted, as that

shown in Fig. §8-A. The curvature of the left-hand trace of Fig. 88 is due to
the curvature of the tube’s viewing screen.

of non-uniform spreading of the wave along the horizontal axis. A

sine wave spread by a linear sweep voltage (see figure 88) appears like

that shown in figure 88-A. The same vertical deflection voltage when

Fig. 89, left, Fig. 90, vight. The same wave as shown in Fig. 88-A is shown

in Fig. 90 when spread across the screen with a non-linear sweep, as illus-

trated in Fig. 89. Note how the right side of the image is crowded due to the
non-linearity of the sweep.

spread by a non-linear sweep voltage, such as that shown in figure 89,

appears as shown in figure 90. If you examine figure 90, you will

note that the right-hand portion of the image corresponds to the top of

the charging cycle, where the rate of charge is the slowest, resulting
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in a slowing down of the movement of the spot across the screen. The
spot is sweeping from the left side to the right side of the screen to
trace the pattern and the return trace is from right to left, as is evident
in the photograph.

" Distortion of this type does not cause a great deal of confusion when
examining a sine wave, since the wave itself is not distorted. However,
in the event that a distorted wave is spread by a non-linear sweep, the
pattern does not show the extent of the distortion present in the wave
in the proper perspective. The portion of the pattern, which is spread
more than the other, tends to flatten peaks, due to the presence of the
harmonic frequencies which constitute the distortion, and the portion of
the wave which is crowded also disguises the presence of the distortion.
The greater the extent of non-linearity of the sweep voltage, the greater
is this effect.

Such distortion also occurs when the sweep voltage is of sinusoidal
character, as for example with the 60-cycle sine wave sweep mentioned
eatlier in the text, and when the frequency of the voltage being ob-
served is not a multiple or sub-multiple of GO cycles. As a sweep volt-
age, the 60-cycle sinusoidal wave is of very little, if any, value. Under
certain conditions, as will be shown later, the use of the sinusoidal
sweep voltage results in the development of a Lissajous figure.

General Signal Voltage Considerations

A more detailed resumé of this subject is given in the discussion
concerning the use of the cathode-ray tube as a voltmeter.

General Operating Considerations

It might be well to make brief mention of a few pertinent points
which are of interest in connection with all types of practical applica-
tions of the cathode-ray tube.

If either the vertical or horizontal pair of deflection plates is not in
use, the free plates should be grounded, thus obviating the possibility
of stray charges accumulating upon the plates of the free pair and influ-
encing the beam and pattern.

The free plate of either the vertical or horizontal deflection plates,
when connected to the associated amplifier and not in use, should be
placed at zero potential by grounding the input circuit of the amplifier
connected to the unused deflection plate. If this is not done, the input
circuit to the amplifier may pick up stray voltages and cause a spurious
deflection in the related direction.
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If the saw tooth sweep is in operation and the vertical deflection
plates are connected to the input amplifier, but not to a source of signal
voltage, stray voltage patterns may appear upon the screen and will give
misleading indications, unless the reason for their appearance is
recognized.

The ground terminal upon the cathode-ray tube unit should be
connected to some grounded point in the operating circuit.

Phase Difference Measurement

There are a number of tests which require that the phase relation
between two voltages or a current and voltage be established. There
are various ways in which this information can be gleaned, but no one
is as handy as the cathode-ray oscillograph, for it enables practically
instantaneous determination by examination of the pattern which ap-
pears upon the screen. An idea of the development of phase differ-
ence or phase relation patterns can be had by reference to figures 46
to 48 inclusive. A phase difference pattern is a Lissajous figure for a
1-1ratio.

The 1-1 frequency ratio obtains, because a single source of signal
voltage is used; that is, the frequency of the signal applied to the
vertical plates is the same as the frequency of the signal applied to the
horizontal deflection plates. Hence, the ratio of the two voltages acting
at right angles upon the beam is as 1 is to 1.

For phase difference tests, several of which will be shown during
the discussion of the practical applications of the cathode-ray tube, the
sweep circuit is not used. By means of the various controls available
upon the cathode-ray oscillograph unit, one of the signal voltages is
applied to the vertical plates through or around the related amplifier,
depending upon the intensity of the voltage, and the other voltage is
applied to the horizontal deflection plates, through or around its asso-
ciated amplifier. See figure 92. It is best, in order to interpret the
image correctly without involving the action of the amplifiers, to use
amplifiers in the vertical and horizontal deflection circuits, or to leave
them out of both circuits. If an amplifier is used in one of these
circuits, it is necessary to recognize the existence and presence of this
amplifier, when finally interpreting the pattern upon the screen.

The following illustrations are given solely for reference purposes
and for what possible value they may have in connection with phase
difference measurements. A phase difference image may assume any one
of a number of shapes, ranging from a straight line tilted to the right
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or to the left, through a series of ellipses, with varied degrees of eccen-
tricity, to a circle. The range of phase angles represented by this range
of patterns is from 0 to 360 degrees. This range of patterns is shown
in figure 91. These patterns, with particular reference to the degree
of tilt and the phase angle, apply for equal amplitudes of the voltages
applied to the vertical and horizontal deflection plates, respectively;
naturally, for equal frequencies as well.

Since phase angle tests are made with a single source of voltage, the
frequency of the voltage applied to both sets of deflection plates is
constant and the phase difference is constant, at whatever value it may
be. Consequently, the pattern will remain stationary. It is, of course,
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Fig. 91. Various patterns that indicate different angles of phase difference.

possible that the exact phase difference for any one condition may be
different from the values specified for the patterns shown in figure 91,
so that the actual shape of an ellipse may indicate a greater or lesser
degree of eccentricity. Be that as it may, any phase pattern for equal
vertical and horizontal voltages, which may appear upon the screen,
will be found within the limits specified in the illustrations,

A similar range of patterns holds true for unequal amplitudes for
the vertical and horizontal voltages, but the exact appearance of
phase diagrams with unequal voltage amplitudes, with respect to the
tilt of the pattern, will be different from those for equal vertical and
horizontal voltage conditions. This is shown in the figure 93 series of
illustrations, soon to be discussed.

The nature of the phase diagram is not mﬂuenced by the degree of
purity of the voltage or current wave. While it is true, as you will see
later, that the presence of distortion influences the exact appearance of
the pattern, the pattern obtained, when all supplementary influences
are eliminated, is the same for a sine wave or a distorted wave.

You will find numerous references to these phase diagrams as you
progress through this volume. You will also find supplementary dia-
grams, as related to frequency comparison, under that heading, else-
where in this chapter. For simplest determination and interpre-
tation of the pattern, the horizontal and vertical deflection voltages
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should be so adjusted that the amplitudes of the two deflections is the
same in each direction. This is accomplished by adjusting, first one
deflection to a definite known length, according to any standard of
measurement, which may be an ordinary ruler. Then the deflection
voltage is removed from that set of plates withont changing the gain

Fig. 92. The schematic diagram on the right
indicates the manner in which two voltages, Q
E-1 and E-2, are connected to the deflection
plates of the tube so that the phase differ- £/
ence between them may be found. E2
= =

control, and the amplitude of the deflection in the other direction is
made equal to the first. See figure 92. One voltage is applied to
one set of plates and the other voltage in quadrature is applied to the
other set of plates.

Several examples of actual phase difference or phase angle patterns
or images, which appear upon the cathode-ray tube’s viewing screen,
are shown in figures 93-A to 93-H. You will note two types of
Fig. 93-4, left,
Fig. 93-B, right.
A phase differ-
ence of 180° ex-
ists in both pat-
terns. That of A
is for equal
amplitudes  of
horizontal and
vertical voltage,
while that of B
has a greater
vertical deflec-

tion voltage.

illustrations in this group. One type shows the vertical and horizontal
reference lines as well as the phase difference pattern. The other group
shows only the phase diagram, that is, the actual pattern, as it appears
upon the screen. The illustrations with the “Y” and “X” axes and
the phase diagram are triple exposures and were made to show the
change in the resultant pattern as the consequence of a change in the
amplitude of the vertical and horizontal voltages. The “Y” and “X"
axes, in this case, are really the two voltages, photographed separately
as individual deflections. The phase diagram is the resultant of the
two deflections. At the same time, these two deflections serve well as
reference lines.

You will have no trouble noting how the tilt of the phase pattern
changes when one of the amplitudes is changed. The triple exposures
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were made in the following manner: One voltage was applied, say to
the vertical plates. The result was a line. This was photographed
The film was allowed to remain in the camera. Then the voltage was
applied to the horizontal plates and the vertical deflection was removed
and the film was again exposed, but remained in the camera. Then

Fig. 93-C, left,
Fig. 93-D, right. A
phase difference
of O° exists be-
tween the two
voltages. In C
equal amplitudes
on both axes give
the pattern a 45°
angle with the
horizontal, but
when the horizon-
tal amplitude is increased, as in D, then the pattern approaches the X-axis.

the horizontal and vertical voltages were simultaneously applied to the
tube and the phase difference image developed. This was photo-
graphed and the result is shown.

Figure 93-A indicates a 180-degree phase difference, with equal
horizontal and vertical amplitudes of voltage. The same phase differ-
ence, but with the vertical deflection greater than the horizontal deflec-

Fig. 93-E, left,
Fig. 93-F, right.
Pattern for a phase
difference of about
45°. Both E and
F are the same
pattern, but the X
and Y axes were
omitted from F.

tion, is shown in figure 93-B. Note how the phase image has moved
up towards the vertical reference line or "'Y”" axis. Figure 93-C shows
the image for 0-degree phase difference, with equal amplitudes along
the vertical and horizontal axes. Figure 93-D is for the same phase
difference, but the horizontal voltage was greater than the vertical
deflection voltage. Note how the phase diagram has shifted towards the
horizontal or "X axis.

As stated eatlier in this volume, the orientation of these phase dia-
grams depends upon the polarity of the respective voltages. The
positioning of the images, for the phase angles stated, is that to be
found in existing commercial cathode-ray tube oscillographs, wherein
one plate of each pair is connected to a common ground within the
unit.  The plates which are grounded are the same in all of the tubes
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offered to the radio industry, with 3 and 5-inch screens, inclusive of
the W.E. 224. In this connection we exclude the General Radio
tube, which has individual connections to each of the four plates, com-
prising the two pairs of deflection plates. Furthermore, the orienta-
tion is to be found in existing equipment, when the positioning of the
tube is according to normal practice.

A phase difference of slightly more than 45 degrees is indicated in
figures 93-E and 93-F. The former illustration also shows the two

Fig. 93-G, left,
Fig. 93-H, right.
Pattern for a
phase difference
of approximately
135°, The pattern
of H is the same
as that of G with-
out the horizontal
and vertical refer-
ence axes.

reference voltage lines and the resultant image, whereas the latter
shows only the image which is seen upon the screen. Figures 93-G
and 93-H show the same phase pattern, with and without the reference
voltage lines, for a phase difference of slightly less than 135 degrees.

So much for stationary phase difference patterns or images. You
will have occasion to examine many more, as related to certain specific

applications and to refer to those shown in figure 91 and in the 93
series.

Frequency Comparison

Herein lies one of the very valuable functions of the cathode-ray
tube, namely, the comparison of two frequencies. This can be carried
out to a very high degree of accuracy, The comparison of two fre-
quencies or the calibration of an unknown by means of a known fre-
quency, is carried out by interpreting the Lissajous figure which is
created when two alternating voltages are applied to the vertical and
horizontal deflection plates, respectively. Just how these images or
patterns are produced, by the combined action of these two voltages
upon the electron beam, was described briefly in connection with figures
50, 51 and 52. In connection with the discussion of this subject at
this time, we shall give details as to how such calibration is carried
out and furnish a number of reference patterns, which should prove
of value during actual operation. However, before starting upon the

actual interpretation of the patterns, it might be well to furnish a few
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pertinent facts pertaining to the application of the cathode-ray tube
oscillograph to this type of work.

Frequency Limits

As a general rule, frequency comparison or frequency calibration
with the cathode-ray tube is usually applied to frequencies from 0 to
about 100,000 cycles. Not that the cathode-ray tube is encumbered
by this figure as its upper limit, but rather because this figure is the
upper limit of amplifiers, which can develop sufficient voltage to pro-
vide suitable deflection upon the screen. As a matter of fact, the
frequency limit of the conventional cathode-ray tube for the purpose
of frequency comparison is about 100,000,000 cycles, but it is not used
at such high frequencies, because suitable means of providing the
correct deflections, required for proper intepretation of the image, is
not available. Consequently, we can say that the frequency limit is
determined by the ability to provide suitably high voltages for the
vertical and horizontal deflection plates. If at any one point of utility,
the related amplifiers can provide sufficient vertical and horizontal de-
flection voltages up to 100,000 cycles, the frequency limit at that point
of operation is 100,000 cycles. If somewhere else, amplifiers are avail-
able which will provide sufficient voltage from the known and un-
known frequency sources up to 1,000,000 cycles, then the frequency
limit is 1,000,000 cycles. The fact that the oscillators or signal gen-
erators are capable of developing test voltages up into the 5.0 to 10.0-
megacycle band is of no consequence, unless these signals are of suffi-
cient voltage to provide a suitable deflection upon the tube’s screen.
The frequency limit of the cathode-ray tube is the ability of the electron
beam to follow the variations of the field.

Generally, it is necessary to work through amplifiers. Up to about
200,000 cycles can be handled by the amplifiers contained in cathode-
ray oscillographs, although they are rated at only 100,000 cycles. The
gain of the amplifier falls off above 100,000 cycles, but sufficient gain
is still available at 200,000 cycles to enable satisfactory operation. With
special amplifiers of the resistance-capacity coupled type, such as we
have used in our laboratory, operation up to about 800,000 cycles is
conveniently possible. With high gain tuned-radio-frequency amplifiers,
operation up to the several megacycles is possible, so that coverage of
from' 0 to several million cycles is available to the man who is suffi-
ciently interested.

As far as audio-frequency work is concerned, that is extremely simple,
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incidentally, we feel that the variable audio-frequency oscillator is going
to play an extremely important part in servicing of the future.

Frequency Standards

In order to be able to compare two frequencies, one must be known
and the known one, naturally, becomes the standard. This standard
should be an oscillator of one type or another, be it a vacuum tube
oscillator, simple or elaborate, an electrically driven tuning fork, with
output circuit connections, etc. ‘The range of the oscillator used as a
standard is not so important, provided that its highest frequency is
at least one-tenth of the highest frequency to be calibrated upon the
unknown. Thus, with a single 1000 cycle standard, it is possible to
calibrate a range of trom 100 to 10,000 cycles.

If the standard is continuously variable and has a range fully as
great as the supposed range of the unknown or uncalibrated oscillator,
calibration is greatly simplified. At any rate, known standard oscillators
are a bewer source than the a-c. line. The 60-cycle power
supply makes a perfect standard,—if one knows definitely the
exact frequency at the time of measurement. . . . The power supply
frequency usually is constant, but not suitable for use as a standard be-
cause of its instantaneous changes and the lack of knowledge of the
exact frequency at the time that its value is thought to be 60 cycles and
set up as a standard.

Under certain conditions, the linear sweep circuit in the cathode-ray
oscillograph may be used as a standard, but only after certain frequency
settings of this system have been definitely established and are accur-
ately known. The use of the linear sweep as a frequency standard will
be described later but its use as such is not recommended.

Sine waves, distorted waves and modulated waves may be used during
such frequency comparison, but not with equal facility. The greatest
ease of interpretation, which means the most rapid and accurate opera-
tion, will occur when two sine-wave voltages are being compared for
frequency determination. Photographic examples of these three will
be shown and you will have the opportunity to judge for yourself.
What has been said is particularly true when complex ratios ate in-
volved; that is, when the two frequencies bear some fractional relation
to each other, and not far removed from an integral ratio.

Relative Amplitude of the Two Voltages

Much can be said about the relative amplitudes of the two voltages
applied to the vertical and horizontal deflection plates. However, effi-
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cient operation is best accomplished by having the image upon the
screen, formed as a result of the two voltages being compared, as large
as possible, yet not roo large; that is, so large that the boundaries of
the pattern extend to the limits of the screen. If such is done, the
edges of the pattern will be hazy and interpretation of a complex
pattern will be difficult. '

There is very little choice between a square pattern and a rectangular
pattern ; whichever suits the requirements for best interpretation should
be used. The simpler the frequency ratio between the two voltages,
the smaller may be the pattern. The more complex the frequency ratio
between the two voltages, the larger must be the image, so as to enable
visual inspection and proper interpretation. At the same time, it
should also be realized that the larger the image, the less its intensity
and the less distinct will be the lines, loops and intersections, all of
which may be involved in making the correct interpretation. Any
effort to make the image brighter may result in impairment of the
focus, thus making the boundaries of the image even more indistinct
and difficult to interpret.

Basic Circuit

The basic circuit utilized to produce normal Lissajous figures for
frequency calibration or frequency comparison is shown in figure 94.
The units are illustrated in block form. The known oscillator is the
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Fig. 94. The basic circuit used for producing Lissajous figures, which are used
in the comparison of two frequencies or for frequemcy calibration.

standard. The gain control or amplifier unit can be the amplifier
within the cathode-ray tube unit, or may be an external amplifier, being
used to provide the required signal voltage. The standard or known
frequency is applied to the vertical deflection plates. The unknown
or uncalibrated oscillator also has its gain control or amplifier and the



PRACTICAL APPLICATION OF CATHODE-RAY OSCILLOGRAPH 141

signal is fed to the horizontal deflection plates. Whether or not ex-
ternal amplifiers are used, is a matter of individual need and discretion.

There are a number of circuit arrangements, in addition to that shown
in figure 94, whereby Lissajous patterns are made possible. Of these,
the simplest is that shown in figure 94, and incidentally, the images
produced are those most commonly found to be of value during fre-
quency comparison or calibration. The images to which we are re-
ferring are the completed loop patterns, such as was developed in
figure 50. Here the loops are completed and open to view. Additional
examples of such patterns will be given soon.

Under certain conditions, as for example when the frequency ratio
is quite complex or when it is quite high, it is convenient to separate
the front and back portions of the pattern, as a means of expediting
the determination of the number of loops present in the pattern. Ex-
amples of the circuit required to produce such patterns and the means
of interpreting the pattern will be given later.

There is another type of pattern, which will be discussed at greater
length, wherein the loops are not completed. These will be shown,
but it might be well to state at this time that these patterns are not
very satisfactory for calibration work, because it is generally difficult
to stop the pattern long enough to make the necessary count of loops
and intersections.

Interpretation of Completed Loop Patterns

We have made mention of the means of determining the frequency
ratio existing between two voltages which have been applied to the
deflection plates and which have produced a completed loop pattern.
This was shown in figure 51, with tangents drawn to two sides. The
number of loops or peaks which touch these tangents are counted and
the ratio between them is the frequency ratio between the two voltages.
It may not even be necessary to draw these tangents. It is possible
to determine the frequency ratio simply by counting the number of
peaks or loops existing on two sides of the pattern. The important
thing is to be able to recognize the existence of the loops or peaks.
In certain cases, it may be necessary to vary the voltage applied to
either the horizontal or vertical deflection plates, in order to bring
out more clearly the existence of the loops in the pattern.

Another extremely important consideration is exact knowledge rela-
tive to the direction of the standard frequency voltage; that is, if it

has been applied to the vertical plates or to the horizontal plates and
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the exact frequency of the standard voltage. If these facts are not
known, calibration cannot progress. The former is of particular im-
portance, because if the standard frequency is maintained constant, the
loops in the pattern will be positioned in a certain way over a certain
frequency range. In other words, if the standard frequency is higher
than the unknown and is applied to the vertical plates, the loops on the
top of the pattern will be greater than the number of loops on either
side of the pattern, until a 1-1 ratio is reached, when the image will be
a circle. If the standard frequency is held constant at its eriginal
value and the unknown is advanced, the greater number of loops will
appear on the side of the pattern and the smaller number of loops will
appear on the top boundary of the pattern. Because of this change in
the number of loops on the side or top of the pattern, it is necessary to
know which plates are being supplied with the standard voltage.

A third important consideration, when working with completed
loop patterns, is to make certain that all of the loops in the image are
being disclosed and that none are covered by others. That is why it
is best to work with a pattern which is moving very slowly. Experi-
ence is a good teacher in this respect.

So much for the general details. Elaboration upon each of these
details will be made as we progress through the actual comparison of
frequencies.

Typical Patterns

We have shown how the phase relation between the two voltages
influences the shape of the pattern. The development of the two
images for the identical frequency ratios in figures 50 and 52 show
how it is possible for a person to become confused and at the same
time how different patterns may indicate the same frequency ratio.

Fig. 95. A, lefe,
B, right. Both
patterns show a
1-1 ratio be-
tween the fre-
quencies. T he
phase difference
in A is 180° and
that in B is 0°.

As stated 2 moment ago, the most satisfactory pattern to use for fre-
quency ratio interpretation is the one which has the uncovered com-
pleted loops. The uncovering of the loops can be accomplished by
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changing the unknown frequency ever so slightly, so that the pattern is
in motion. The most minute change from a stationary condition is
satisfactory. Once the frequency ratio has been determined, the pat-
tern may be stopped, irrespective of how many of the loops are covered
at the instant and the calibration for the known frequency recorded.
The actual frequency difference between the setting required to set
the pattern into slow motion, so as to enable determination of the num-
ber of loops or peaks, and the stopping of the pattern is so little as
to be entirely negligible.

The phase relation has no bearing upon the calibration, other than,
as has been stated, in the production of certain patterns, which, if they

Fig. 95. C, left, D, right. Each pattern indicates a 1-1 ratio. The phase diff-
erence in C is about 45° and that in D is about 90°.

are not understood, may cause incorrect interpretation. However, if

the pattern is understood, so that correct interpretation can be made,

the exact phase relation indicated by the shape of the pattern is of no

consequence.

The ratio indicated in the pattern is a function of the respective fre-
quencies of the two voltages. It matters not what the exact numerical
value of these frequencies, the pattern will be the same for any one
particular ratio. In other words, 2 1000-cycle and a 2000-cycle voltage
will create a 2-1 ratio pattern and this pattern will remain the same
if the two frequencies are changed to 5000 and 10,000 cycles, 2250
cycles and 4500 cycles, 50,000 and 100,000 cycles, etc. The same is
true of all other ratios.

Figure 95 A, B, C and D illustrates four 1-1 ratio patterns for two
sine waves of voltage. Figure 95 E, F and G indicate 1-1 ratio pat-
terns, but with one of the voltages distorted. Such 1-1 patterns may
take the form of anything between a straight or even crooked line,
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through an ellipse of any degree of eccentricity, to a citcle. Whether
or not the pattern will remain stationary, depends upon the frequency
adjustment of the two oscillators. It may be difficult to stop any
pattern formed, when a standard is being compared with an unknown

Fig. 95. E, left, F, middle, G, right. The three Lissajous figures here shown
indicate a 1-1 ratio. One of the voltages impressed on the plates was not o
pure sine wave; hence the distortion.
oscillator, because either one of the oscillators may not be absolutely
constant in its output. The drift, however, may be so small as to
cause a slow change, which will not interfere with the calibration.
However, you are the one to judge the degree of constancy which you

want in an oscillator.

The frequency difference, existing between the two oscillators and
indicated by the motion of the pattern, can be checked by timing the
movement of the pattern. A complete cycle of rotation of the pattern
in one second is equal to a frequency difference between the settings
of the two osdcillators of 1. cycle. If a complete cycle of rotation is
completed in four seconds, the difference in frequency adjustment is
V4 cycle. If four complete rotations of the pattern are made in one
second, the frequency difference between the two oscillators is 4. cycles.

Figures 96 A, B and C show three patterns for a 2-1 ratio, with
both voltages of sine character and unmodulated. These three pat- .

Fig. 96. A, left, B, midle, C, right. Lissajous ﬁgﬁres showing a 2-1 ratio.
terns indicate three phase relations. These three patterns were made by
causing the two oscillators to differ very slightly in frequency, so that
the pattern progressed through the complete range of phase relations
between 0 and 360 degrees. Figure 96-A is an example of a completed
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loop pattern, but wherein one of the peaks is covered by the other and
so is a poor pattern for judging frequency ratio. Figures 96-B and
96-C are suitable for frequency comparison or calibration. The simi-
larity berween figures 96-A and 96-B is quite close and you can appre-
ciate a small lapse of time and possibly visualize how one peak has
moved away from the other, thereby uncovering it.

The effect of having one of the voltages modulated is shown in
figures 96-D and 96-E. These two patterns indicate a 2-1 ratio and
are of the completed loop type, with the loops or peaks uncovered.

Fig. 96. D, left, E, right. A4 2-1 ratio pattern omined by impressing a
100,000-cycle sine wave modulated with 400 cycles and a 50 kc. unmodulated
sine wave on the tube’s plates.

Note that the modulation component does not influence the shape of
the pattern, other than that the line has been spread. Incidentally,
figures 96-D and 96-E are for a 100,000-cycle signal compared with a
50,000-cycle signal, with the former modulated at 400 cycles.

A better example of the range of patterns, which may be expected
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