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THE CATHODE-RAY TUBE

and

ITS APPLICATIONS TO RADIO

INTRODUCTION . —The study of
tubes would not be complete without
a discussion of the cathode-ray tube
and its many applications in the
field of radio. For a number of
years the cathode-ray tube has proved
its usefulness in up-to-date labora-~
tories as an oscilloscope; in broad-
casting stations it provides a means
of quickly checking amplifier fidel-
ity and degree of modulation; in ex-
perimental television the cathode-ray
tube offers the only practically in-
ertialess method of scanning, and
hence is the most practical method
of obtaining the high scanning
velocities necessary for an image of
good definition; in all types of in~
dustries the cathode-ray tube has
proved its usefulness along with
other electronic devices.

Up to several years ago cathode
ray tubes were expensive and had
short operating life. Research by
large manufacturers and others to-
ward tubes that would prove both
economical and practical for tele-
vision, has led to the development
and production on a commercial scale
of highly satisfactory tubes for
everyday use in many branches of the
radio and electronic fields. Fig. 1
shows two modern cathode-ray tubes
manufactured by Western Electric
Company .

(In this discussion the terms
"oscilloscope" and "oscillograph"
will be used interchangeably as will
the terms cathode "ray" and "beam".
In either case the term used is a
matter of personal preference.)

Just aswith radio vacuum tubes,
increased usage of cathode-ray tubes
led to larger manufacturing volume
which in turn led to decreased

prices and improved tubes. Today
cathodearay oscilloscopes are used
in practically every type of radio
test work. In broadcasting stations
the cathode-ray oscilloscope is used
as a monitor for continuous observa-
tion of the modulation characteris-
tics of the transmitter output; in

sl

Fig. 1.—Two cathode-ray tubes made
by Western Electric Company.

some modern broadcast transmitters
provision is made for plugging in an
oscilloscope at a number of points
along the r-f circuit and the more
important adjustments are made with
the use of this instrument. In re-
ceiver factories it allows the visu-
al alignment of intermediate-ampli-
fier circuits and observation of the
tuning characteristics of circuits.
In the radio service field inexpen-
sive oscilloscopes are available for
performing the above functions, for
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measuring voltages and currents, for
checking vacuum tube characteristics,
for inspecting the wave form of the
outputs of radio receivers and
public address systems, for deter-
mining the overload point of ampli-
fiers, etc. The cathode-ray os-
cilloscope offers the only practical
means for adjusting the phase, am-
plitude and wave-form of the many
complex voltages used in a tele-
vision system.

It must not be thought that the
use of a cathode-ray oscilloscope
renders all other test equipment ob-
solete. There are many functions
which meters will perform much more
quickly and more satisfactorily.
However, there are tests and meas-
urements which, by the use of meters
alone, would require many individual
measurenrents and laborious plotting
of curves, that can be greatly sim-
plified with the curves plotted in-
stantly in a visual form by means of
the oscilloscope. Not only can such
curves be made immediately available,
but changes in circuit and voltage
adjustments will visually react on
the curves instantly, so that a cir-
cuit can be quickly adjusted to pre-
determined characteristics with the
operator continuously viewing all
the effects of his adjustments. If
a permanent record is required of
any conditions during adjustment, it
is a simple matter to photograph the
pattern on the fluorescent screen.

For radio work it is essential
that an oscilloscope mechanism be
capable of operation at very high
frequencies. It is highly desirable
that it is not easily damaged by the
application of voltages somewhat in
excess of rated values. For general
use it must be comparable in price
with other available test equipment.
Parts must be standardized and re-

placements easily obtainable.

The cathode-ray tube meets all
of these requirements. It has no
mechanical moving parts, the entire
operation being electrical. The
moving element has very little in-
ertia, being simply a stream of high
velocity electrons. It is capable
of operation at frequencies in the
high radio-frequency range, far be-
yond the scope of mechanical types
of oscillographs. It requires aux-
iliary equipment no more ‘bulky or
complex than the power supply and
audio amplit'ier of an ordinary broad-
cast receiver. It can be produced
on a quantity basis and sold at a
price not beyond the means of the
smallest broadcasting station, or
the average up-to-date radio service
shop. Tubes can be standardized and
closely duplicated in production.
In voltage measurements, the appli-
cation of moderately excess voltage
simply throws the electron beam off
the fluorescent screen but does not
damage a moving mechanism as would
be the case if the measuring device
were an ordinary meter. Thus it
would seem that the cathode-ray tube
has extensive applications in the
field of radio test work.

FUNDAMENTAL THEORY .—A cathode
ray consists simply of a beam of
very rapidly moving electrons. 1In
high-vacuum high-voltage cathode-ray
tubes designed for television the
electrons actually travel at velo-
cities as high as 1/10th the velo-
city of light, or approaching 20,000
miles per second. The negative elec-
trical terminal of a battery or of a
vacuum tube is called the "cathode."
The electron is a negative charge of
eiectricity and the ray consists of
many electrons, therefore, the ray
is termed a "cathode ray" and the
tube designed to utilize such a ray



THE CATHODE-RAY TUBE

and

ITS APPLICATIONS TO RADIO 3

is called a "cathode-ray" tube.

The cathode-ray tube dates back
much further than the conventional
radio vacuum tube. The direct an-
cestor of both the cathode-ray tube
and the X-ray tube is the Crookes
tube invented by Sir William Crookes.
In that tube a stream of electrons
was sent across a vacuum by means of
a high difference of potential. If
the electrons strike certain mineral
substances, those substances will
become fluorescent and glow. If the
electrons are caused to strike a
metal plate within the tube at high
velocity, X-rays will be emitted.
X-rays were discovered in 1895 by
Professor Roentgen while experiment-
ing with a Crookes tube.

In 1897 Dr. F. Braun designed
the cathode-ray tube as a develop-
ment of the Crookes tube. In the
Crookes tube the electrons go from
one electrode to the other through
all portions cf the tube. Braun in-
troduced a metal plate with a very
small hole in it, between the cath-
ode and the anode. This metal plate
is made positive with respect to the

cathode and the electrons emitted
from the cathode attain very high
velocities, normally as high as
10,000 miles per second. Most of
the electrons strike the plate; some,
however, pass straight through the
small hole erd Jorm a pencil or ray
of high-velocity electrons which
strike the cxtreme end of the tube.
The arrangement of such a tube is
shown in Fig. 2.

If the extreme end of the tube,
marked x, is coated inside with cer-
tain fluorescent mineral substances,
such as zinc silicate in the form of
powered mineral willemite, the spot
where the electron beam hits will
glow. The brightness of the glow at
the spot struck by the electron
stream is largely a function of the
velocity of the electrons, so there
is shown in Fig. 2 a second positive
potential applied at the fluorescent
screen on the extreme and almost flat
end of the tube. This second posi-
tive potential is usually several
times greater than that applied to
the first anode so that the elec-
trons passing through the small hole

“hiEs

Fig. 2.—Action of the electron gun.
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in the first anode plate are greatly
accelerated. The luminous glow at
the fluorescent screen, caused by the
impact of the cathode ray, may be
anywhere from a greenish-blue to
white, the exact color being de-
termined by the type of fluorescent
material used.

In some of the older cathode
ray tubes the fluorescent surface,
not being a particularly good con-
ductor, tended to gradually assume
a negative charge which detracted
from the positive charge of applied
voltage and decreased the velocity
of the electrons. To eliminate that
condition the surface of the glass
before the fluorescent coating was
applied, was first coated with a
metal film, so thin as to be quite
transparent. Over the film was
placed the fluorescent material.
This allowed the electrons to leak
off as fast as they arrived but did
cause a considerable loss of light
through the outer surface of the
flat end of' the tube through which
the light is viewed. Modern prac-
tice has developed a fluorescent
coating which will emit the proper
ratio of secondary electrons to pri-
mary electrons to prevent the ac-
cun.iation of a negative charge, the
secondary electrons going to a
highly positive metallized inner sur-
face of the tube. This will be dis-
cussed in greater detail later when
the actual construction of the modern
tube is taken up. With such means
for preventing the accumulation of
negative charge the metal film be-
neath the fluorescent surface is un-
necessary and its elimination per-
mits a brighter light through the
viewing end of the tube.

A consideration of the cathode
ray, which consists simply of a
stream of high-velocity electrons,

will show that it is very little
different from an ordinary flow of
current through a wire. A certain
current flow through a straight con-
ductor is simply a slow drift of
free electrons through the conduc-
tor; the actual direction of the
drift is a straight line because the
conductor is straight and the elec-
trons are restricted to the physical
limits of the conductor even though
their individual movements are not
continuously in a straight line.
The electron drift for a given small
value of current is very slow be-
cause of the extremely large number
of electrons which are free to move
under the influence of the difference
of potential.

The condition within the cathode
ray tube is samewhat different; here
the extremely large number of free
electrons is not available, the cur-
rent consisting simply of the few
electrons which happen to pass
straight through the small hole in
the anode plate after being emitted
by a heated cathode. On the other
hand, those few electrons are not
restricted by continual collisions
with large copper molecules and are
thus free to accelerate to very high
velocity in the length of the tube.
The cathode ray, unlike the current
in the piece of wire, is therefore
made up of a beam of a few very high
velocity electrons, the beam being
held to a straight line, not by the
limits of the conductor, but by the
high velocity of the electrons them-
selves and by a method of focusing
which will be explained. In other
respects, however, the cathode ray
and the current through the conductor
are similar andboth may be consider-
ed simply as a flow of current.

Every flow of current creates,
at right angles to itself, amagnetic



THE CATHODE-RAY TUBE

and
ITS APPLICATION TO RADIO 5
field. In an electric motor the directly heated cathode. Part of
field caused by a current flow in the emitted electrons pass through
the armature conductors when opposed the hole in the first anode and form
to a fixed magnetic field will cause the cathode ray to the fluorescent
the armature conductor to be re- screen. After the cathode ray leaves
pelled and the armature to rotate. the first anode it passes through
If a magnetic field is impressed the field of the two magnetic poles
across a cathode ray, the magnetic as shown and is deflected at right
field caused by the beam itself will angles to the magnetic lines of
cause the cathode ray to be deflect- force. If an alternating current is
ed in one direction depending upon passed through the field windings
the polarity of the fields, and the the cathode ray will move back and
amount of the deflection will. be a forth over the fluorescent screen
function of the strength of the in accordance with the polarity and
fields. This is shown schemntically amplitude of the field current. The
in Fig. 3. (As in a motor, the di- second anode is the metallized in-
Magnetic
Deflection
First /coil
Cathode Anode% =
= ”/
S ---tTTGakt
Ir‘ i
+

Fluorescent
Screen

Fig. 3.—Magnetic deflection of the electron stream 1s used here. |

(Deflection should be assumed at right angles to the magnetic field).

rection of motion is actually at
right angles to the plane of the
magnetic lines of force. Thus a
vertical magnetic field will cause a
horizontal movement of the beam.)

In Fig. 3 the cathode with its
terminals is shown. This may be
either a tungsten or oxide-coated
filament or, in line with modern
| receiving tube practice, an in-

ner coating of the bulb.

Similar results may be accom-
plished by the application of an
electrostatic field. A negative
charge will repel electrons and a
positive charge will attract them.
Thus if two opposing plates, similar
to capacitor plates, are arranged as
shown in Fig. 4, and opposite elec~
trostatic charges are placed on the
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plates making the upper plate posi-
tive and the lower plate negative,
the cathode ray will be deflected as
shown. If a source of alternating
voltage is connected across the two

Deflection.
Plates

)

the only moving mass being that of
the cathode ray. The arrangement of
the plates is shown in Fig. 5. The
horizontal plates cause a vertical
deflection of the cathode ray and

Fig. 4.—Cross section of C.R.T. showing vertical deflection plates.

deflector plates the voltage on the
plates will rise, fall, andchange in
polarity in accordance with the am-
plitude and polarity of the voltage
source and the electron beam will be
deflected up and down across the
fluorescent screen inaccordance with
the amplitude and polarity of the
voltage applied to the deflection
plates. Thus a varying electric
field can be made to accomplish ex-
actly the same results as the vary-
ing magnetic field.

If two sets of deflection
plates, or two sets of magnetic field
coils, are arranged at right angles
to each other, one pair will cause
the cathode ray tosweep horizontally
across the fluorescent screen while
at the same time the other pair will
cause avertical movement of the ray.
By properly timing the voltages ap~-
plied to the pairs of plates the en-
tire surface of a rectangle on the
end of the tube can be "scanned",

the vertical plates cause a corres-
ponding horizontal deflection of the
ray. Fig. 6 clearly shows one set
of plates in a modern RCA cathode
ray tube.

If a voltage is applied to the
vertical deflection plates only, and
the voltage caused to vary over a
certain range, reversing in polarity
as it passes through zero, the lum-
inous spot will move in a straight
line up and down the end of the tube.
If the voltage is ana-c voltage that
varies so rapidly that the eye can-
not follow the movement of the spot,
a vertical luminous line will be seen
on the fluorescent screen. This is
shown in Fig. 7(4).

If the a-c voltage is applied
only to the horizontal deflection
plates, the luminous line will ap-
pear in a horizontal position across
the end of the tube, as shown in
Fig. 7). The length of the line
in either case is a function of the
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voltage amplitude. Thus the dis-
tance above and below center can be

A.C,

T ¥

‘ﬂﬂb\ L -
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both pairs of plates, the luminous

lina will be traced at an inclination

Fig. 5.—Cross section of C.R.T. snowing both sets of deflection plates.

calibrated and, by applying the volt-
age across the vertical deflection
plates as in 7(A), the peak ampli-

fig. 6.—An R.C. A, cathode-ray tube.

tude of the alternating voltage can
be measured. The calibration can be
made with known d-c voltages and
marked on the surface of the bulb.
A similar calibration could be made
along a horizontal line for the use
of the horizontal deflection plates.

If the same values of alter-
nating voltage, in phase and equal
in amplitude, are applied across

as shown in 7(C). If the polarity
of the voltage across one pair of
plates is then reversed, placing
the voltages 180° out of phase, the
inclination will be changed as in
7M. If in 7(C) or 7({D) the phase
relation of the voltages is unchanged
but the amplitude of one or the
other is changed, the inclination
of the line will be changed. If
the horizontal deflection vol‘age
amplitude exceeds that of the verti-
cal deflection voltage, thz incli-
nation of the line will more nearly
approach the horizontal, and vice
versa.

If' the amplitudes of the volt-
ages are equal but the phase rela-
tion between the voltages is varied,
the luminous tracing ceases to be a
straight 1line. If the voltages are
displaced by 90, the tracing takes
the form of a circle, 7(G). At in-
termediate angles between 0° and 90°,
the tracing will be in the form of
various shaped ovals. Figs. 7(E)
and 7 (F) represent the pattern equi-
valent to 7(C) and 7 D) respectively
if the phase angle of one of the de-
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flection voltages in each of the
latter is shifted a few degrees. If
the amplitude ratio and phase re-
lation are both varied, the tracing

(a) (b)

a true 90° phase shift is required
such as in the phase inverting net-
works used in the modulation cir-
cuits of frequency-modulated trans-

(c) (d)

9000

Fig. 7.—Variation in pattern on a C.R.T. for several voltage combinations.

may assume quite complex shapes.
Figs. 7(H) and 7(I) represent
the elliptical patterns which will
be obtained if the horizontal and
vertical deflection voltages are
displaced by 90° but are of unequal
amplitude. In 7 (I) the vertical
voltage exceeds the horizontal volt-
age; in 7 (H) the reverse is true.
The phase displacement in both is
90° and if the voltage amplitudes
were made equal, circular patterns
would result. This is a particularly
important pattern because it is used
as an indication of correct adjust-
ment ot the phase inverting network
of the Doherty high-efficiency am-
plifier and in other circuits where

mitters employing the Armstrong cir-
cuit, and elsewhere.

Thus,, by applying available
voltages to the deflection plates, a
good idea of the relative amplitudes
and phase relation of the two volt-
ages can be had by inspection of the
pattern traced by the cathode ray.

In the study of a wave form,
the alternating voltage tobe studied
is applied across the vertical de-
flection plates. Across the rori-
zontal deflection plates is placed a
"saw tooth sweep" voltage. Such a
voltage is shown in Fig. 8.

The method of producing such a
voltage will be discussed later.
Essentially, during the "Sweep"
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pPeriod a capacitor charges at a
steady rate through a fixed value
of resistance, discharges almost
instantly through a discharge tube,
charges again, etc. Thus during the
"sweep" period the spot moves hori-
zontally across the fluorescent
screen at a steady rate, returns on
the discharge at toc rapid a rate to

l«- Sweep

cupies practically the entire cycle,
the return time being negligible.

With both voltages having the
same frequency, the spot will be
moved from one side of the screen
to the other while one cycle of the
vertical voltage is taking place.
If the vertical voltage is sinusoi-
dal, a sinusoidal cycle will be

L Return

Fig. 8.—A "saw-tooth" wave used as the horizontal sweep.

make an impression on the eye,
"sweeps" across the screen again,
etc. If an alternating voltage is
placed on the vertical deflection
plates only, with no horizontal de-
flection voltage, the luminous spot
will trace a straight vertical line
as in Fig. 7(A). Ieave this alter-
nating voltage on the vertical de-
flection plates and apply the saw-
tooth voltage of Fig. 8 to the hori-
zontal deflection plates, and ad-
just the two voltages to exactly
the same frequency. Then the spot,
in moving up and down in accordance
with the voltage of the vertical de-
flection plates will also be moved
horizontally across the screen at a
steady rate. The position of the
spot will be a function of both
voltages. The "sweep" period of the
horizontal deflection voltage oc-

traced on the fluorescent screen.
This is shown in Fig. 9. The "sweep"
voltage simply "spreads out" the
cycle of voltage applied to the ver-
tical deflection plates so that the
shape of the cycle as well as its
amplitude may be determined.

If the sweep frequency is made
just one-half of that of the verti-
cal deflection voltage, two vertical
cycles will take place during one
sweep across the screen. The lum-
inous trace will then be as in Fig.
10.

If the voltage to be investi-
gated contains harmonic components
so that it is distorted from a sin-
usoidal form, this will be shown.
An example of such a voltage is in
Fig. 11.

If it is desired to find the
form of the plate current in an am-
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plifying tube, and the tube is being
operated into the saturation plate
current region with positive peak
grid voltages, the vertical deflec-
tion should be effected by means of

W

Fig. 9. Fig. 10.

harmonic distortion in the output.
This condition, of course, indicates
excessive grid excitation.
CONSTRUCTION AND OPERATION OF
THE CATHODE-RAY TUBE.—A typical

O

Fig. 11. Fig. 12,

Fig. 9.—A sine wave distortion. Fig. 10.—Two sine waves appear when the

sweep frequency is made equal to one-half the frequency of the vertical de-

flection voltage. Fig. 11.—A wave similar to Fig. 9 but containing harmon-
ies. Fig. 12.—Another distorted wave form.

deflection coils since this will
make the oscillograph a current op-
erated device. Similar results may
be obtained with electrostatic de-
flection by connecting a resistance
of nominal value in series with the
plate circuit and connecting the de-
flection plates across the resistor.
The voltage form across the resist-
ance will be a reproduction of the
form of the current through the re-
sistance. By either method the
tracing on the fluorescent screen
may be somewhat as shown in Fig. 12,
indicating saturation plate current
with a large grid current on the
positive alternation, and plate cur-
rent cut-off on the negative al-
ternation, each condition causing

cathode-ray tube for oscilloscope
operation is the RCA Type TJP1. This
tube is a high-vacuum tube with a
viewing screen 5 inches in diameter.
Other types of fluorescent screens
vary from 3 to 12 inches in diameter,
and one manufacturer has placed on
the market a television type tube
having a diameter of 30 inches. The
3~-inch type, such as the 908 is
commonly used where compactness and
minimum cost are important factors.
As a rule, the larger the tube, the
higher the anode voltages required,
the greater the electron velocity,
and hence the lower the deflecticn
sensitivity. This will be explain-
ed later.

Fig. 13 shows a Sylvania
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rectangular face picture tube
of the type which was designed
specifically for use in television
receivers.

) The cathode-ray tube may be di-
vided, for study into three major
parts: First, the fluorescent
screen; second, the electron gun;
third, the deflection mechanism.

i)

the other hand, the yellow-green of
zinc silicate is near the color of
maximum visual sensitivity, so that
for equal light intensity the spot
will appear to the eye several times
brighter than the blue of calcium
tungstate. In some tubes, where
photographic recording is to be used
along with visual observations, the

Fig. 13.—Sylvania Rectangular picture tube.

THE FLUORESCENT SCREEN.—The
principal factors in the design of
the fluorescent screen are: Bright-
ness of the luminous spot for given
applied voltages; color of the spot,
both as it affects the eye and as it
affects a photographic film; duration
of the spot.

The brightness of the spot, as
it affects either the eye or a pho-
tographic film, is to a consider-
able extent a function of the color
of the spot. For example, the
fluorescent color of calcium tung-
state is a deep blue which is about
thirty times as active photograph-
ically as the yellow-green fluor-
escence of pure sinc silicate. On

fluorescent screen is made up of a
combination of zinc silicate and
calciuwn tungstate, thus combining
the desirable properties of both
subs tances with good visual and good
photographic sensitivity. Such a
combination is used in the W.E. 224-C
low voltage cathode ray tube.

The duration of the spot is very
important. For a given luminous in-
tensity, the longer the duration of
the spot the greater the total
amount of light radiated. However,
where a series of transient phenomena
are to be photographed, where each
transient voltage or current will
probably be different from the pre-
ceding one, or where adjustments are
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being made while visually observing
the luminous trace, too long per-
sistance of the spot will cause a
blur from one condition to the next.
For most work a short spot duration
is desirable. In the case of the
RCA Type 908, the brightness be-
comes negligible in less than 25
microsecoands. This is a much short-
er duration than is ordinarily used
for television work. 1In the kine-
scope, the RCA cathode-ray tube de-
veloped for television reception,
(See Fig. 13), the fluorescent ma-
terial is a synthetic zinc ortho-
silicate phosphor, very much like
natural willemite. This material,
at the end of less than 1/40th second
loses 80 per cent of its lumi-
nescence, and by approximately .06
second practically all the visible
luminescence has disappeared. The
light is yellow-green, peaked to
5,230 Angstroms, very close to the
maximm sensitivity of the eye which
is at 5,560 Angstroms. (The Angstrom
is the unit used to express the A of
light. One Angstrom is equal to
one~hundred millionth of a centi-

Heater Cathode

meter.) With such material the
luminous efficiency is high because
the eye reacts very well to light
of this particular color.

THE ELECTRON GUN.—The electron
gun is that group of tube elements
which produces the cathode ray, or
moving beam of electrons. While in
theory the production of the cathode
ray is very simple, in practice a
number of factors mst be taken in-
to consideration. Among those fac-
tors are, the intensity of the spot,
which is a fimction of the number of
electrons and the velocity with
which the electrons strike the
screen; the size of the spot,which
is controlled by the focusing of the
beam, the sharpness of focus being
a function of the shapes and dimen-
sions of the first and second anodes,
and the ratio of the two anode volt-
ages; the deflection sensitivity,
which is a function of the electron
velocity, the greater the velocity,
the lower the deflection sensitivity.

A typical electron gun and de-
flection plate assenmbly is shown in
Fig. 14. The electrons are pro-

_#ﬁﬂﬁﬂﬂﬁ##ﬁﬁﬁ#
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Fig. 14.—Detailed view of the C.R.T. plate assembly.
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duced by means of an indirectly heat-
ed cathode just as in an ordinary
receiving tube, the only difference
being that the emitting surface is
on the extreme ena of the cathode.
The control grid is made in the form
of a sleeve over the cathode with a
smll aperture immediately in front
of the emitting surface. The control
grid is normally held negative, the
amplitude of the negative bias de-
termining the number of electrons
which pass through the aperture and
hence, for a given anode potential,
the intensity of the spot. The first
anode consists of a metal sleeve im-
mediately following the control
grid. The electrons passing through
the grid aperture are accelerated by
the positive potential of the first
anode and the width of the electron
beam is restricted by the width of
the apertures in the first anode

Control Grid

through which it must pass.

After leaving the first anode
the electrons come under the in-
fluence of the higher positive po-
tential of the second anode and are
both further accelerated and focused
to produce a spot of the desired di-
ameter on the screen. This focusing
is very important. The electrons
in the cathode ray, all being nega-
tive, tend to repel each other with-
the consequent tendency toward dis-
persion of the ray. Thus in the
highly evacuated tube, if the sec-
ond anode were not present, the
electrons leaving the first anode
would repel each other and the fluo-
rescent spot on the screen would be
indistinct and have a large area.
By proper focusing, the spot may be
made small and very intense. Fig.
15 shows the electron gun on a lar-
ger scale. (The second anode in

%ggond Anode

Cathode_EZ]f-

Fig. 15.—Flectric field pattern in a C.R.T.
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many tubes consists of a metallic
[aquadag] coating on the inner sur-
face of the bulb rather than a tube
element as shown in Fig. 14.) The
combination of the electrostatic
fields of the first and second anodes
affects the electron beam just as an
arrangement of lenses controls a

light beam. The combination as
shown in Fig. 15 is the equivalent
of four lenses.

The actual focusing of the beam
is accomplished by varying the ratio
between the first and second anode
voltages. The second anode voltage
is usually fixed at the desired val-
ue—~1,500 volts in the case of
the RCA Type 5UP1—and focusing is
accomplished by varying the first

anode potential. For this reason
the first anode is often called the
focusing anode. In general, the
voltage ratio between anode 2 and
anode 1 should be about .5 to 1 al-
though there is considerable devi-
ation from this ratio in various
types of tubes because proper focus
is also a function of the shape and
dimensions of the first and second
anodes. Thus if the voltage of anode
2 is 2,000 volts, that of anode 1
is usually in the order of 400 volts
for best focus. The focusing volt-
age is taken from a potentiometer in
the power supply voltage divider
circuits.

Fig. 16 shows a typical cathode
ray oscilloscope circuit. It will

Anode 2

Cathode///

R
NAWVA————4

Deflection

6 Voltage o—4—0

Deflection
Voltage 3

Fig. 16.—Typical control circuit for a C.R.T.
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be observed that the control-
grid voltage, which is varied by
means of potentiometer R , is rega-
tive at all adjustments. The first
anode or focusing voltage is con-
trolled by potentiometer R,.

The connection of the deflection
plates and the second anode should
particularly be noted. One of each
pair of deflection plates is con-
nected to the second anode and the
second anode is grounded. The free
deflection plates also connect back
to Anode 2 through R, and R;, those
resistors forming a leakage path to
prevent electron accumulation on the
plates. All deflection plates are
thus maintained at the same d-c po-
tential as the second anode, and the
positive high-potential point is
grounded, with the negative side of
the circuit being at high potential
above ground. This is done as a
safety precaution; connections for
measurement must be made to the de-
flection plate terminals and it is
thus easier and safer to insulate
the negative side of the circuit
above ground. With the positive
side of the high-voltage circuit
grounded, tt is essential that the
heater transformer secondary be in-
sulated for the full anode d-c¢ volt-
age.

The focusing of the beam and
the intensity of the spot, if the
second-anode voltage is fixed, are
controlled by variation of the first
anode and control-grid voltage. The
sharp focus of the beam is accom-
plished by varying the ratio between
the first and second-anode voltages.
The size and intensity of the spot
may then be varied by variation of
the control-grid voltage. Making
the control-grid voltage less nega-
tive increases the second-anode cur-
rent, increases the size of the spot,

and increases the brightness. Thus
when the brightness is increased by
decreasing the negative grid bias,
the first-anode voltage should also
be readjusted to focus and bring the
spot back to the desired diameter.
In the case of the RCA 5UP1 the
negative grid bias for complete
cut-off is approximately -180 volts
with first-anode potential of 2400
volts. If the first-amoae voltage
is increased, the negative grid bias
must also be increased for complete
cut-off.

THE DEFILECTION MECHANISH AND
DEFLECTION SENSITIVITY —The deflec-
tion of the cathode ray may be ac-
complished either by an electro-
static or an electromagnetic field.
The force necessary to deflect the
cathode ray is a function of the
velocity of the electrons making up
the beam, this in turn being a func-
tion of the second-anode potential.
The velocity of the beam is given by
the equation,

v = 5.95 x 107 VE,

where v is the velocity in centi-
meters per second and E  is the sec-
ond-anode voltage. For E = 4,500
volts, the electron velocity is some-
what greater than one-tenth the
velocity of light.

The displacement of an electron
from the straight line as it travels
through a mgnetic field is equal to,

, evBL?®
d' = — @
om v

where d' = displacement fromthe ini-
tial straight 1line, e = the charge
on the electrons, m = the mass of
the electron, B = the intensitv of
the magnetic field, 1 = the length
of the path in the magnetic field,
v = the velocity of the electron.
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As the beam leaves the area im-
mediately under the deflection coils
it must travel the distance to the
fluorescent screen. Thus the addi-
tional amount of the deflection from
the deflection coils to the screen
is a function of the distance travel-
ed, and is equal to,

d L. eVBLL (3)

mv 2

where 1 is the distance from the de-
flecting magnetic field to the
fluorescent screen. Conbining equa-
tions 2 and 3 to obtain the total
deflection d of the cathode ray at
the fluorescent screen,

d=d +q"=%. Bt %+L)
m A\ (4)

centimeters

e and m, the charge and mass of the
electron are constants. Thus the
total deflection of the beam, for a
given tube in which 1 and L are fix-
ed in construction, is a function of
B, the intensity of the magnetic
field,and an inverse function of v,
the velocity of the electrons in the
cathode ray.

When deflection plates are used
instead of colls—the more common
condition in ordinary oscilloscope
work—the deflection sensitivity is
usually expressed in millimeters per
volt d.c., (m/volt d.c.). That is,
if the deflection sensitivity is ex-
pressed as .2 mm/volt d.c., a dif-
ference of potential of one volt be-
tween a pair of deflection plates
will cause the spot on the fluor-
escent screen to be deflected .2
millimeter. If 100 volts is applied
across the same plates, the spot
will be deflected 20 mm.

Where deflection plates are
used, the deflection of the spot is

equal to,

d = .BELL/Ey (5)

where E = the voltage across the
pair of deflection plates, E, = the
second-anode voltage, L = the dis-
tance the electron travels between
the deflection plates, L = the dis-
tance from the center of the deflec-
tion plates to the fluorescent
screen, and Y = the distance btetween
the deflection plates. For a given
tube L, L and y will be fixed in
construction. Thus the amount of
deflection for a given deflection
voltage E will be inversely propor-
tional to the second-anode voltage
E, because the higher the second
anode voltage, the greater the elec-
tron velocity. Since the deflection
sensitivity is defined as the amount
of deflection of the spot per volt
across the deflection plates, the
deflection sensitivity must be in-
versely proportional to the second
anode voltage.

This is shown in the manufactur-
er's tube ratings. For the RCA Type
9054, the deflection sensitivity is
given as follows:

E, = 1500V E= 2000V
Deflection Sensi-
tivity (Plates D1

and D,) mm/v d.c. 295 221

"Deflection Sensi-

tivity (Plates D,
and D) mm/v d.c. .48 262

Two points should be observed
in this rating. First, the deflec-
tion sensitivity.
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Deflection sensitivity is an
inverse function of second-anode po-
tential; therefore, deflection sen-
sitivity plotted as a function of
second-anode potential will not ap-
pear as a straight line but rather
as a (hyperbolic) curve having a
negative slope, as explained in
Graphical Analysis.

In view of the non-linearity of
the curve and the considerable per-
centage difference between two
known reference points, the use of
"proportional parts" or simple in-
terpolation to find the sensitivity
is inaccurate. The use of inverse
proportion is indicaved; tor example,
if the deflection sensitivity at
E_ = 2,000 volts is .221 mm/v d.c.,
the deflection sensitivity at E, =
1,500 volts will be:

X = ,221 x <000
1500

= ,295 mm/v d.c.

Second, the deflection sensitivity
is greater for one pair of plates
than for the other pair. This is
because the deflection plates D ,—D,
are further from the screen than are
the plates D —D,, the value of L
thus being greater. (See Equation
5.) Some tubes are so constructed
that the deflection sensitivity is
the same for both pairs of plates.

It will be seen that if the
cathode-ray oscilloscope is to be
calibrated and used to measure
voltages, as in radio service and
test work, the anode voltage must be
maintained at a constant value be-
cause variations in E  are reflected
as variations in the deflection sen-
sitivity, and hence in the calibra-
tion.

It may be thought that with the
high anode voltages required for

operation of the high-vacuum type
cathode-ray tubes, a large power
supply will be required. That is
not the case. In the case of one
type of tube which operates with
second-anode potential of 5,000
volts, the anode current with nor-
mal grid bias is only 70 micro-
amperes, a total power consumption
of only .35 watt. At full bril-
liance with zero grid bias the power
in the anode circuit is only .7 watt.
Thus while the anode rectifier must
deliver a high voltage, the actual
power consumption from the filter
is almost negligible, and filtering
is extremely easy. A single 2 pF
capacitor across the rectifier cir-
cuit is ordinarily sufficient where
only the cathode-ray tube forms the
load circuit.

The spot should never be left
stationary on the screen for even
a short interval. The beam producing
a spot of high intensity may quickly
burn the fluorescent screen if al-
lowed to remain stationary. Such
operation may also cause excessive
heating of the glass with resulting
puncture. An alternating voltage
should be applied across at least
one and preferably both sets of de-
flection plates before the spot is
produced.

Pyrex glass is ordinarily used
for large cathode-ray tubes to en-
sure strength. The atmospheric
pressure on the face of a highly
evacuated 9-inch diameter tube is
about 960 pounds and good construc-
tion to withstand this pressure is
essential. The total pressure in-
creases directly with area which in
turn varies as the radius squared.
Thus in large cathode-ray tubes as
used in television the pressure on
the tube will be in the order of
thousands of pounds.
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THE SWEEP-CIRCUIT .—Where the
cathode-ray oscilloscope is to be
used in the study of wave forms,
modulation percentage, distortion,
etc., a linear sweep voltage is
necessary to cause the spot to move
horizontally across the screen while
at the same time the voltage under
investigation is applied across the
vertical deflection plates. This
voltage must have a saw-tooth form
with the return time negligible with
respect to the sweep time. This is
shown in Fig. 8, and the effect of
such a sweep voltage is shown in
Figs. 9 to 12 inclusive and in Figs.
22 and 24.

The most simple method of pro-
ducing such a voltage is by means of
a relaxation oscillator employing a
gaseous triode such as the Type 885.

The 885 is a grid-controlled
gaseous rectifier. The operation of
such a tube is simple. With fixed
plate voltage and large negative
bias, no current flows. If the nega-
tive grid voltage is slowly reduced,
a point will be reached at which
plate current flows and ionization
of the gas takes place. After ion-
ization takes place, further vari-
ation of the grid voltage in either
direction has no effect on plate
current and plate current can be
stopped only by the removal or very
great reduction of the plate poten-
tial.

Another method of operation is
as follows: starting with a fixed
negative bias and zero plate voltage,
the plate is made positive and the
plate voltage :s slowly increased.
At a certain critical value of plate
potential, ionization will occur and
a large plate current will flow. As
explained above, plate current can
be stopped only by a large reduction
of plate voltage. The critical

plate voltage at which ionization
starts is a function of the negative
grid bias. With a bias of 20 volts,
ionization will start when the plate
potential is increased to approxi-
mately 200 volts. It is this mwethod
of operation which is used in the
relaxation oscillator to produce the
sweep voltage.

Fig. 17 shows the most simple
form of sweep-circuit oscillator.
With the bias adjusted to some pre-
determined negative value by means
of R , voltage E is applied across
C through resistor R. As explained,
the 885 tube is blocked at this in-
stant. Current flows through R
charging capacitor C, the plate po-
tential of the 885 rising with the
voltage across C as the capacitor
charges. When the capacitor is
charged to the point where the plate
potential (voltage across C) is ap-
proximately 10 times the negative
bias voltage E_, ionization takes
place and C discharges suddenly
through the low resistance of the
ionized tube. The discharge of the
capacitor effectively removes the
plate potential from the tube, plate
current ceases, and the entire op-
eration repeats itself.

The time required for the volt-
age across C toreach the tube break-
down point is determined primarily
by the capacity of C and the resist-
ance of R. Increasing either C or
R will increase the charging time
and thus decrease the oscillation
frequency, and vice versa.

By the adjustment of C and R,
the frequency of the relaxation os-
cillator can be made any desired
value. However, the simple circuit
as shown has a very serious fault
for sweep purposes; the capacitor
charge is not linear with respect to
time and hence the sweep voltage is
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not linear. This is due to the fact
that the current through R is not
constant during the charging period.
When the voltage is first applied
across CR, there is no c.e.m.f. and
the current is large. As the caps-
citor charges the c.e.m.f. builds up

1

il

]

charge to the gas breakdown voltage
is a function of the pentode Ip
which in turn is determined by pen-
tode E . 1f the pentode -E_ is in-
creased, IP is decreased, more time
is required for the capacitor to
charge, and the relaxation oscilla-

Fig. 17.—A simple sweep-circult oscillator.

and the charging current tapers off.
Thus the capacitor charge is in the
form of an exponential curve instead
of the desired straight line.

This can be corrected only by
replacing R with some device which
will 1limit the initial charging cur-
rent and which will allow essen-
tially constant current flow during
the entire charging period. Such a
device is a pentode vacuum tube. An
examination of a family of E Ip
characteristic curves for a pentode
will show, for any given grid volt-
age, almost constant plate current
over almost the entire range of
plate voltage. Thus by adjustment
of the grid bias of the pentode, the
charging rate can be made any de-
sired value within the limits of the
tube and this adjustment is equiva-
lent to varying R in Fig. 17. With
a given value of C, the time of

tor frequency is decreased. Making
the pentode E  less negative has the
opposite effect. A complete linear
sweep-circuit, employing a Type 885
tube as a relaxation oscillator and
a remote cut-off pentode to control
the changing rate of C, is shown in
Fig. 18.

The operation of this circuit
is quite simple. The 885 is the re-
laxation oscillator. Its frequency
is controlled by capacitor C, of
which any one of four capacities may
be selected, 400 upuF, .001 pF, .01
uF or .1 puF, and the capacitor
charging rate which is controlled
by the plate current of the pentode.
It will be observed that the plate-~
filament resistance of the pentode
is in series with the 885 plate
voltage which is supplied by a Type
80 full-wave rectifier. When volt-
age is applied the 885 is blocked,
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as explained for the simple circuit.
Plate voltage is applied to the pen-
tode and plate current flows, the am-
plitude of the plate current being
determined by the pentode control
grid voltage which, by means of the
potentiometer can be adjusted to any
value between zero and -22.5 volts.
As pentode plate current flows ca-
pacitor C charges; when the voltage
across C reaches the critical break-
down point of the 885, ionization
occurs and C discharges almost in-
stantly through the 885, the dis-
charge removes the plate potential
from the 885, ionization ceases, and
the 885 again blocks; C again starts
to charge due to the pentode plate

current, and the entire operation is
repeated. The 700 ohm resistor in
the 885 plate circuit is not a fac-
tor in the charging time; it is
simply a current limiting resistance
to 1limit the discharge current
through the 885 to a safe value.
(A1l the voltages shown as supplied
by batteries will normally be ob-
tained from the rectifier through a
voltage-divider circuit.)

The sweep frequency can be con-
trolled by selection of the proper
capacity at C and by adjustment of
the pentode grid bias. Either the
selection of a smaller capacitor at
C, or a decrease of the negative
pentode grid bias will increase the

50, 000 8
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Fig. 18.—A complete

sweep-circuit.
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oscillator frequency, andvice versa.
In the selection of capacitors for C
it is always desirable to use as
smll capacitors as practical with
the corresponding reduction in pen-
tode plate current, as this will re-
duce the actual capacitor charge per
cycle and hence the discharge cur-
rent though the 885. However, if C
is made too small, the operation
will be unstable.

Unlike most vacuum-tube cir-
cuits, the relaxation oscillator
employing a gaseous triode has a
very definite and quite low high-
frequency 1imit. As the frequency
is increased C or R or both must be
decreased. To obtain sufficiently
high saw-tooth output voltage, C
must be kept small compared with R.
As the frequency is gradually in-
creased and C is decreased in pro-
portion, a point is approached where
the charging current of C decreases
to a magnitude comparable to that
of the leakage currents in the tube
and across C and as this point is
approached the operation becomes un-
stable.

A second high-frequency limiting
factor is the time required for de-
ionization of the tube once the plate
voltage has been reduced. Due to
these factors the upper frequency
limit for really satisfactory oper-
ation is in the order of 10,000
cycles although it is possible to
operate at somewhat higher frequen-
cies. For higher sweep frequencies
a type of blocking oscillator em-
ploying a vacuum tube should be used.

SYNCHRONIZATION .—~1t is obvious
that the oscillator frequency ad-
justments as explained above are far
from precise. The capacities of the
capacitors at C will vary somewhat
with use; the pentode plate current
will change with tube 1life, and even

during periods of operation. There-
fore, when investigating an alter-
nating voltage for wave form, etc.,
it is necessary to exactly synchro-
nize the sweep frequency with the
voltage under test in order to hold
the image stationary on the screen
as shown in Figs. 9 to 12 inclusive.
Evenaslight difference in frequency
will cause the image to drift across
the screen, the velocity of drift
depending upon the frequency differ-
ence,

Fig. 18 shows a method by which
synchronization is accomplished.
Suppose the voltage under test is at
60 cycles, obtained from the same
power source that supplies the sweep-
circuit plate voltage rectifier.
Throw switch S to the right. This
conrects a 60-cycle voltage of 2.5
volts across the primary of the audio
frequency transformer T. (Assume
the relaxation oscillator has pre-
viously been adjusted to approxi-
mately 60 cycles so that a cycle of
the voltage under test is drifting
across the screen.) This 60-cycle
signal is impressed across the 200
ohm potentiometer and hence in series
with the 885 bias. As the charge
on U approaches the critical value a
positive alternation is applied in
series with the 885 negative bias,
decreasing the bias and causing ion-
ization and capacitor discharge be-
fore the critical voltage of C is
quite reached. C again starts to
charge, approaches the critical val-
ue, and is again discharged at the
instant the combined decrease in grid
bias and increase in 885plate poten-
tial are sufficient tostart ioniza~
tion. Thus, although the adjustment
of the natural periodof oscillation
of the relaxation oscillator is only
approximate, it is pulled into posi-
tive and exact synchronism by ihe
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action of the synchronizing voltage
applied to the 885 grid.

If the voltage under test is
not 60 cycles, taken from the power
line, switch S is thrown to the left
and a small portion of the voltage
under test is applied to the ter-
minals shown. Only a volt or so is
necessary for this purpose. To ob-
tain positive synchronism, the 885
grid bias and grid excitation are
adjusted by means of the 50,000 ohm
and 200 ohm potentiometers respect-
ively.

Where it is desired to show two
cycles on the screen, as in Fig. 10,
the oscillator is adjusted, by means
of C and the pentode grid bias, to a
frequency of approximately one-half
that of the voltage under test. The
synchronizing circuit is then cor-
rected by closing S and adjusted un-
til positive synchronism is obtained.
Due to the lower oscillator fre-
quency the charge of C at the first
synchronising positive cycle is not
sufficient to break down the gaseous
tube. By the time of the second
positive synchronizing alternation,
however, the charge in C has in-
creased to the point where ioniza-
tion can be started. Thus the os-
cillator will be locked into syn-
chronism at one-half the synchron-
izing frequency and two cycles will
remain stationary on the screen.
Three or more cycles could be shown
in a similar manner.

A complete cathode-ray tube
circuit with its associated sweep
circuit can be built up by combining
the circuits of Fig. 16 and Fig. 18.
The only additional apparatus neces-
sary is a high-voltage rectifier for
the cathode-ray tube. Since the
load current from such a rectifier
is so small, and the problem of
filtering correspondingly simple, a

half-wave rectifier is ordinarily
used to supply the necessary d-c
high voltage. In order that ob-
servation of voltages over a quita
wide range of amplitude is possible,
the oscilloscope unit usually in-
cludes amplifiers and controls for
increasing and controlling the volt-
ages applied to the horizontal and
vertical deflection plates.

Two amplifiers ordinarily are
used, one to amplify the horizontal
sweep voltage for increasing the
horizontal deflection range as shown
in Fig. 22, and one to allow vari-
able amplification of the voltage
applied across the vertical deflec-
tion plates. The design of the
vertical deflection amplifier may
be quite simple or somewhat complex,
depending upon the purpose for which
the oscilloscope is to be used. In
the ordinary commercial oscilloscore
designed for general purpose use the
vertical deflection amplifier is
uwsually a simple resistance-coupled
amplifier with a variable gain con-
trol. Ordinarily the input voltage
to be inspected can be applied di-
rectly to the deflection plates or
through either one or two stages
of amplification. For inspection of
sinusoidal voltages in the ordinary
audio-frequency range or with any
low-frequency voltages, the simple
amplifier may be used satisfactorily.

However the simple resistance
coupled amplifier, if designed to
have good low and intermediate
(audio) frequency gain character-
istics, has very poor high-freguency
characteristics, the gain falling
off rapidly above about 20,000
cycles per second. This is not par-
ticularly important where a sinusoi-
dal (single frequency) voltage is to
be investigated. However,in some
work and particularly in television,
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very peculiar voltage wave-forms
must be irvestigated—square-topped,
saw-tooth, sharply peaked, etc.—and
same of those voltages are at fairly
high fundamental frequencies. The
principal difficulty here is that
such waves are made up of a sinusoi-
dal fundamental plus a great number
of harmonic frequencies. For ex-
ample, a circuit which will pass
without distortion a 13,000-cycle
saw-tooth voltage must also pass
without noticeable attenuation all
frequencies up to and beyond 200,000
cycles per second. For a narrow
vertical sided flat-top voltage of
the same frequency the necessary
frequency band is even greater. The
simple resistance-coupled amplifier
is not capable of such wide range
amplification.

Thus when using one standard
commercial oscilloscope to examine
the horizontal pedestal voltage of
15,750 cycles per second in a tele-
vision circuit the wave-form as
shown on the screen when applied di-
rectly tothe vertical plates without
amplification is as in Fig. 19.

Fig. 19.—A square-top voltage.

After passing through the vertical
deflection amplifier the wave-form
is as shown in Fig. 20. It is ob-
vious that the loss of high-frequency
harmonic components in the amplifier
tends to make the wave-form approach
that of its sinusoidal fundamental.

Fig. 20.—Result of passing a square-
top voltage through a low-fidelity
amplifier.

To view the video voltages in a
television circuit even higher fre-
quencies are necessary-—in the order
of several megacycles. Thus to be
of any value in the investigation
of television control voltages the
vertical deflection amplifier in the
oscilloscope must be properly com-
pensated just as is a good video am-
plifier, or else the voltage to be
investigated must be applied di-
rectly to the vertical deflection
plates without amplification.

For television work the verti-
cal deflection amplifier should by
all means be of the high-fidelity
wide-range compensated type because
many voltages to be examined are of
insufficient amplitude for satis-
factory direct application to the
deflection plates.

In order to properly interpret
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the patterns obtained on an oscillo-
scope, the engineer must become
thoroughly familiar with the peculi-
arities and weaknesses of his in-
strument as well as with its advan-
tages.

USING THE OSCILLOSCOPE .—Fig.
21 shows a commercial type of os-
cilloscope (Allen B. Dumont labs.,
Inc.) and Fig. 22 the manner in
which the sweep voltage amplitude

cycles are condensed into about one-
third the width of the screen. In
22 (B) nothing is changed except the
amplitude of the sweep voltage (see
horizontal gain control, second knob
from the bottom on the right). With
horizontal gain increased the sweep
amplitude is greater and the four
cycles now occupy the full width of
the screen and the wave-form can be
seen more clearly. 1In 22(C) the

Fig. 21.-—A Dumont type 208-B oscillograph.

may be varied to permit examination
of the wave-form of an applied volt-
age. In 22(A) four cycles of the
applied voltage are shown on the
fluorescent screen. In this case
the sweep frequency is one-fourth
the frequency of the applied volt-
age. The amplitude of the sweep
voltage is reduced so that the four

horizontal gain is still further in-
creased until the beam is thrown
completely off the screen at each
erd and the applied voltage wave is
expanded for critical examination of
its shape.

It should be noted in the il-
lustrations that after the sweep
frequency was locked into step with
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the applied voltage by means of a
synchronizing circuit so that the
trace was stationary, and the am-
plitude of the applied voltage was
adjusted so that optimum use was
made of the horizontal screen di-
mension, the horizontal gain control
of the sweep voltage amplitude al-
lowed the wave to be compressed and
expanded horizontally at will.

Fig. 22 clearly shows the vari-

(8)

Fig. 22.—Front view of a Dumont scope showing panel controls.

ous controls by means of which volt-
ages over a large range of frequency
and amplitude may be examined visu-
ally. The controls allow adjustment
of the focus and intensity of the
beam, horizontal and vertical center-
ing of the image, the step and fine
adjustment of the sweep frequency so
that the latter may be locked into
synchronism with the applied volt-
age, and controllable amplification

of both vertical and horizontal volt-
ages. The necessary apparatus, in-
cluding the sweep frequency genera-
tor and amplifiers, is contained
within the oscilloscope unit. The
tube shown in Fig. 22 has a screen
diameter of five inches. Fig. 23
shows the mounting of a cathode-ray
tube in an R.C.A. oscillograph with
the cover removed.

The vertical oscilloscope de-

ﬁ“
6 ‘¢_9

o 8 o 4
P A

;

g

(©)

flection voltage may be the modulated
output of a radio transmitter, in
which case the percentage of modu-
lation and the form of the modula-
tion envelope will be indicated.
This is shown in Fig. 24.

The outline of the luminous
tracing is the form of the audio
frequency modulation envelope. The
fine veriical lines are the tracings
of the radio frequency. At high
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Fig. 23.—A modern R.C.A. Oscilloscope type W0-60C with cover removed.
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radio frequencies the space within
the envelope is simply a luminous
glow. At lower frequencies the
actual line structure may be seen.
In all the illustrations of Fig. 4,
two audio modulation cycles are
shown, thus the frequency of the
horizontal sweep voltage must be
one-half that of the modulation fre-
quency.
Fig. 24 (A) indicates a con-

dition of under-modulation, the ac-

(b)

(c)

Fig. 24.—~(A) Under-modulation. (B)
100% modulation. (C) Over-modulation

tual modulation percentage being
about 30 per cent. No audio dis-
tortion is indicated. Fig. 24 (B)
represents an ideal condition of
practically 100 per cent modulation
with no noticeable audio distortion.
Fig. 24 (C) indicates a condition of
over-modulation—that is, modulation
in excess of 100 per cent—with con-
sequent serious audio distortion.

To obtain a pattern similar
to those of Fig. 24 it is necessary
that a single modulation frequency
be used and that the sweep frequency
be somewhere in the order of (but
below) the modulation frequency.
For example, to show two complete
modulation cycles at 400 cycles/sec-
ond, the sweep frequency would be
200 cycles/second. Ordinary speech
and music is made up of a complex
arrangement of frequencies, many of
which are quite high. Thus,if the
sweep frequency were made very
low—say in the order of 30 or 40
cycles/second, the individual modu-
lation cycles, except for an occa-
sional low-frequency passage, would
not be apparent. What would be
shown however if the r-f carrier was
modulated, would be the increased
width of the vertical deflection
with modulation.

Thus, if a portion of the un-
modulated carrier voltage is applied
across the vertical input terminals
and the sweep voltage set at a lew
frequency, the r-f cycles will not
be apparent and the image on the
screen will consist simply of a rec-
tangular fluorescent pattern which
may be adjusted to convenient width
and height. If modulation is then
applied to the carrier, the verti-
cal amplitude will increase above
and below the central horizontal
axis. At 100 per cent modulation
the peak carrier voltage will be
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twice as great as that of the un-
modulated carrier and the vertical
dimension of the rectangular pattern
on the fluorescent screen will be
twice as great as for the unmodula-
ted carrier.

Lines may be drawn in ink on
the face of the tube to represent
the unmodulated carrier voltage and
the various degrees of modulation.
it will then only be necessary for
the operator to adjust the unmodu-
lated carrier input so that the
vertical dimension of the pattern
exactly coincides with the upper and
lower zero modulation lines. This
automatically verifies the calibra-
tion and any degree of modulation can
be read directly from the plotted
calibration. This is shown in Fig.
25. (A) shows the width of the

(8)

transmitters a cathode-ray oscillo-
scope is built in as an integral
part of the equipment, just as are
voltmeters and ammeters, arnd so con-
nected that the modulation character-
istics of the output may be continu-
ously observed. Since the indi-
cators on meters have considerable
inertia, and thus do not respond in-
stantly and fully to peak signal
levels, the almost inertialess cath-
ode~ray oscilloscope offers the only
accurate means of maintaining trans-
mitter modulation very near the
maximum allowable value without ex-
ceeding the permissible limits on
the peaks. Under-modulation pre-
vents full utilization of the trans-
mitter radio-frequency carrier power;
over-modulation broadens the tuning
characteristic of the received sig-
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Fig. 25.—Another method of checking modulation.

pattern for the unmodulated carrier.
(B) shows the pattern for 50 per cent
modulation. While this type of
pattern does not indicate distortion
it allows quick visual indication of
the degree of modulation.

In some modern broadcasting

nal, introduces serious audio dis-
tortion, and does not increase the
volume of the received signal. Thus
a cathode~ray oscilloscope is a very
valuable piece of apparatus at a
broadcast transmitting station.
TUNED CIRCUIT ADJUSTMENTS .—The
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cathode-ray oscilloscope is particu-
larly useful to the factory or radio
service shop for adjusting the char-
acteristics of intermediate-frequency
coupling circuits, band-pass fil-
ters, etc. For this purpose some
auxiliary apparatus is necessary.
Suppose it is desired to adjust the
tuning of a stage of i-f amplifi-
cation in a superheterodyne receiver
in which the intermediate frequency
is 456 ko/s. If cathode-ray equip-
ment is not available, this job will
ordinarily be done by the use of a
456 kc signal output from a modu-
lated oscillator, and an output
meter, adjusting the i-f circuit
tuning and coupling for maximum out-
put. However, with modern high
fidelity audio amplifiers, this
simple procedure will usually result
in excessive selectivity instead of
the desired flat top bandwidth. By
the use of a cathode-ray oscillo-
scope and auxiliary apparatus, the
actual tuning characteristics may be
visually observed.

A typical circuit of cathode
ray equipment for such work is shown
in Fig. 26. This circuit is the
Triumph Model 77 (Oscillograph-Wobbu-
lator. The operation of this cir-
cuit, with the exception of the
"Wobbulator" is similar to those
previously described. A Type 913
cathode-ray tube {(one-inch screen)
is shown in the upper right corner.
In the upper left corner is a twin
triode 6A6 which provides amplifi-
cation for both horizontal and verti-
cal applied voltages if required.
The 885 operates in a relaxation
circuit as explained above.

The 6A7 tube operates in an r-f
oscillator circuit the frequency of
which is fixed at 840 kilocycles.
This oscillator, in conjunction with
the 6J5 immediately below, forms

the "Wobbulator" or frequency modu-
lator. The term "wobbulator" is
used to describe a circuit in which
the frequency is "wobbuled" from
side to side. In this case the 840
ke frequency is wobbled or modulated
over a total range of 30 kilocycles,
that is, plus and minus 15 kilo-
cycles, from 825 ko to 855 kc. This
is done in a simple manner as fol-
lows: the grid and cathode of the
6J5 are connected directly across
the oscillator tuned circuit, thus
placing the 6J5 input capacity in
parallel with the circuit tuning ca-
pacity. The 6J5 is then excited by
an adjustable voltage from the sweep
circuit oscillator. As the sweep
voltage is applied to the grid of
the 6J5 it varies the effective in-
put capacity and thus the effective
capacity of the tuned circuit so
that the oscillator frequency is
modulated as explained above.

The 6A7 is a mixer tube. The
cathode and grids 1 and 2 form a
triode oscillator. If 456 kc/s out-—
put is desired, the oscillator os-
cillating at 840 kc/s + and -15 kc/s
and the outpit of an extermal signal
generator at 840 * 456 or 840 - 456
kc/s are applied to grid 4. (This
is shown on the right of the diagram
as "R.F. In".) Thus in this case
the external signal generator will
be tuned to either 1,296 kc/s or
384 kc/s—probably the former. At
the plate of the 6A7, and hence at
the terminals "R.F. Out", will be
the resulting 456 kc/s varied + and
- 15 ke/s or from 441 kc/s to 471
kc/s.

This variable frequency, which
ordinarily will also be amplitude
modulated at an audio frequency in
the external signal generator, is
applied to the grid of the first de-
tector or to the input of the i-f
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Fig. 26.—Circuit of a Triumph Model 77. Oscillograph-Wobbulator.
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stage it is desired to tune. The
audio output of the second detector
will be connected across the verti-
cal deflection input terminals.
(See upper left corner of Fig. 26),
amplified if necessary, and then im-
pressed across the vertical deflec-
tion plates of the cathode-ray tube.
The horizontal sweep (saw-tooth)
voltage is being impressed across
the horizontal plates of the cathode
ray tube., (Sixty cycles will ordi-
narily be used for the sweep fre-
quency in this case.)

As the beam moves horizontally
across the fluorescent screen under
the influence of the sweep voltage,
the frequency applied to the i-f
amplifier is varying at the same
rate. As the variable frequency

Fig. 27.—Loose i-f coupling.

2\

Fig. 29.—Correct i-f alignment.

signal is applied to the i-f ampli-
fier, the rectified audio output of
the second detector reaches maximum
as the frequency sweeps through cir-
cuit resonance (the frequency at
which the i-f amplifier is peaked)
the signal output decreasing on both
sides of that point. The rectified
output voltage of the second detec-
tor is applied across the vertical
deflection plates and the polarity
is made such that the beam deflects
upward with increase of signal.
This traces a line on the fluores-
cent screen as shown in Figs. 27,
28, 29, and 30. Fig. 27 represents
a case where the i-f circuits are
peaked at the proper frequency but
with too loose coupling so that the
higher frequency side-bards are lost.

/\

Fig. 28.—Loose 1i-f coupling and im-
proper alignment.

Fig. 30.—I-f overcoupled.
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Fig. 28 illustrates similar loose
coupling but the circuits tuned
to other than the correct frequency
as indicated by the trace being
off center. Fig. 29 illustrates
an excellent square-top bandpass
adjustment. Fig. 30 illustrates
much too tight circuit coupling
which produces large peaks on each
side of resonance and a decided
dip at resonance.

With properly set up equip-
ment in the laboratory or shop,
alignment of i-f and r-f stages
may be done accurately, with the
effect of every receiver adjust-
ment instantly made visual.

An outstanding advantage of
electronic frequency modulation
over mechanical systems which,
by means of a motor driven capa-
citor, vary the frequency of the
applied signal, is that in the

electronic modulation of a fixed
frequency, the desired frequency
being produced by beating with
an external frequency, the fre-
quency modulation in kilocycles
ts the same for all beat frequen-
cies produced. In the unit shown
in Fig. 26, the adjustment is
made for a total variation of 30
kilocycles and the output, whether
at quite high r-f or low i-f, is
modulated over a range of 30 kilo-
cycles.

When a cathode-ray oscillograph
and supplementary equipment is so
set up in a laboratory or shop that
it is convenient to use, and when
the engineer has had sufficient
practice so that he can quickly con-
nect up and adjust the necessary
circuits and interpret the traces on
the fluorescent screen, many uses
will be found for this apparatus.
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1. Explain briefly the theory of the cathode-ray tube. State
some of its practical applications.

2. Describe the construction of a typical cathode-ray tube
designed for electrostatic deflection. ‘
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3. (A) How does-a varilation in control-grid voltage affect the
spot?

(B) How does a variation in anode voltages affect the spot?

4, Explain how electrostatic deflection is accomplished. In
what plane are the vertical deflection plates mounted? Why?
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EXAMINATION, Page 3

How is electromagnetic deflection accomplished? What is the
plane of movement of the ray under the influence of coils

mounted in the horizontal plane? Why?

Explain the use of a cathode-ray tube designed for elec-
trostatic deflection as a voltmeter. What voltage does
the total length of the luminous liine indicate?
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EXAMINATION, Page 4

What is meant by the "deflection sensitivity" of a cathode

ray tube? How does this sensitivity vary with second-anode

~ potential? Why?

You are using an RCA type 905A tube with second-anode po-
tential of 1,750 volts. What RMS voltage must be applied
to plates D - D2 to deflect the spot a total distance of
2 inches on the screen?
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EXAMINATION, Page 5

What is a sweep circuit as applied to the cathode-ray tube?
What is the form of the sweep voltage? Explain briefly how
such a voltage is developed. Why is a sweep voltage neces-
sary?
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EXAMINATION, Page 6

Exp1lain how the cathode=ray tube is used to align the i-f

amplifier of a superheterodyne receiver. Whatiauxiliary

"appatratus’ is required in addition to the oscilloscope power

and sweep circuits?






