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practically every branch of electrical engineering,
and is being used more and more in other branches

of industry because of its unique abilities. Its greatest
value lies in its ability to define visually and trace alter-
nating voltages of almost any frequency and complexity.
Its versatility of application in the solution of measure-
ment problems is almost endless. Aside from its uses in
the laboratory, it has become an invaluable boon to the
experienced Radio Service Engineer.

This book has, as its aim, an effort to help the Radio
Service Man to acquire a broader knowledge of the why
and wherefore of the Cathode-Ray Oscilloscope.

The following pages are dedicated to a simple and non--
mathematical exposition of the theory and practical appli-
cations of the Cathode-Ray Oscilloscope, particularly
stressing its uses in the field of Radio Service.

We are not, however, forgetting our fellow workers,
the “ham” and the experimenter. For their benefit, we
will describe the construction and operation of oscillo-
scopes ranging in size from one inch to nine inches, in-
cluding kits, commercial units, and a home-made instru-
ment.

We believe that the ultimate form of television receivers
will embody a Cathode-Ray tube of a form similar to
those in use in present-day Cathode-Ray Oscilloscopes.

A basic knowledge of the functions of Cathode-Ray
tubes in general is a prime requisite toward the under-
standing of how Cathode-Ray tubes are used in Television.

THE AUTHOR.

T HE Cathode-Ray Oscilloscope is used to-day in
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CHAPTER 1
Theory and Function of Cathode-Ray Tubes

Modern Cathode-Ray tubes are based on
the theory that electrons in a vacuum tube
can be gathered into a narrow beam which,
upon striking a chemical coating at the end
of the tube, causes the chemical to become
fluorescent ; thus producing a spot of light.

This electron beam has no weight and
practically no inertia. Being of a negative
nature, it is readily influenced by a positive
charge of any kind. Thus the electron beam
can be made to move at a rate of speed
which is almost inconceivable. These posi-
tive charges are applied through the medium
of Deflecting Plates, either within or out-
side the tube, and may be either electro-
static or electromagnetic in nature.

Since the makers of Cathode-Ray tubes
must follow optical laws in the construction
of the “electron gun,” there is no appre-
ciable difference in function between tubes
of a given size. The better to illustrate the
function of the “electron gun,” we will dis-
sect one into its component elements. In
common with other vacuum tubes, Cathode-
Ray tubes use a heated cathode as the
source of the electron beam. Fig. 1 shows
a cutaway view of a typical cathode ele-
ment. It is a hollow tube, chemically coated
on its outside surface and heated from
within by the filaments. When the cathode
is sufficiently heated, electrons are “boiling”
on the outside surface, and a large number
of electrons are liberated from the surface. "
These electrons form a cloud all around the
cathode, similar to a cloud of steam above
a boiling teakettle.

CATHODE HEATED BY FILAMENT
EMITS CLOUD OF ELECTRONS

Fig. 1.

These electrons constitute a negative
charge, which is attracted by the positive
charge on Anode No. 1, Fig. 2 shows the
action. In actual construction, Anode No.
1 is a cylinder with one end open and the
other end closed, except for a small hole
in its center. This anode attracts the nega-
tive electron cloud, which gathers velocity
rapidly. A small portion of the electron
stream shoots through the pin hole in the
form of a narrow beam, traveling at terrific
speed. Varying the amount of positive
charge on Anode No. 1 makes it possible
to control the volume of the electron stream ;
for this reason, Anode No. 1 is more usually
called the Focusing Element.

The beam, after leaving the pin hole in
Anode No. 1, has a tendency to spread out-
ward, like the rays projected by a flashlight.
In this form, the beam would have no prac-

STREAM OF CLOSED END
ELECTRONS :?‘SABQ/EO . OFAANODE

Ne HAS PINHEATED
CATHODE HOLE

ELECTRONS MOVING AT HIGH
VELOCITY IN NARROW BEAM

Fig. 2.

tical use, because the spot on the screen
would be very large and blurred. The
necessity of adding Anode No. 2 now be-
comes obvious; this element is so placed
with relation to Anode No. 1 that it will
prevent the beam from spreading. In prac-
tical tubes, the potential on Anode No. 2
is three or four times as great as the po-
tential on No. 1. The Anode No. 2 voltage
on a 3-inch tube, for instance, is 1100
volts; on a 5-inch tube, this is increased to
2000 volts.
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The high voltage accelerates the negative
beam to such speed that the part of the
beam which passes through the pin hole im-
pacts upon the screen with enough force
to make the coating glow brilliantly. Anode
No. 2 is called the Accelerating Anode for
this reason. = Fig. 3 shows how Anode No.
2 attracts the beam and prevents it from
spreading.

- . 400v. 1ooov.
K ANDOE & OPEN ANODE2

¥ E—g”s?:‘é‘—g: ——————
OPEN mu;) FOCUS

PIN HOLE PIN HOLE

OATED
~ANODE 2 FOCUSES THE ELECTRON SCREEN AT
STREAM TO A PINPOINT AND ALSOGIVES END OF
TREMENDOUS ACCELERATIONTO FOCUS BEAM.~ TUBE

Fig. 3.

The fourth important element is the grid,
shown in Fig. 4. This element is placed be-
tween the cathode and Anode No. 1 for
the purpose of controlling the INTENSITY
of +he beam. The grid is always negative,
anu the amount of its negative bias deter-
mines whether the spot on the screen is
bright or dim.

A brief summation of the function of the
four elements would then be:

(1) Cathode—source of electrons.
(2) Grid—controls brilliancy of spot.
(3) Anode No. 1—controls size of spot.
(4) Anode No. 2—controls velocity of

beam forming spot.
In Fig. 5 is shown the appearance of a com-

plete tube. Note the two pairs of Deflecting

ACCELERATING
ANODE N2.2

FOCUSING
CATHODE ANODE N2

GRID ALWAYS NEGATIVE,
CONTROLS INTENSITY OF BEAM

Fig. 4

Plates ; the beam is shown passing through
both sets of plates. If a D. C. voltage is
applied across the zertical plates (nearest
the gun) then the plate which is positive will
attract the beam, while the plate which is
negative will repel the beam. The spot will
then be seen to have moved up (or down)
a certain distance from its normal position
at center. Reversing the polarity of the
D. C. voltage will make the spot move in
the opposite direction. In the same manner
the spot can be moved horizontally across
the screen by placing the D. C. voltage on
the horizontal plates. As will be seen later,
this one spot can be made to pass over any
part of the screen, and with such rapidity
as to appear as a solid disk of light. This
is due to the inability of the eye to follow
the spot’s rapid back-and-forth, or up-and-
down, motion on the screen. Another meth-
od of deflecting the beam is by placing four
electro-magnet coils outside the neck of the
tube; one pair of magnets is used for verti-
cal deflection, and the other pair for hori-
zontal deflection.

We need not concern ourselves too much
with this method because it is used to no
great extent, even in laboratories, and not
at all in service work.

~APPEARANCE OF COMPLETE ELECTRON GUN ~

ANOQDE {
\ Ar\woe 2

CATHODE

\ GN{,

VERTICAL
DEFLECTORS

HORIZONTAL
DEFLECTORS

INSULATING RINGS
BETWEEN EACH ELEMENT

FLUORESCENT SPOT ON SCREEN
BEAM STRIKING WILLEMITE COATING PRODUCES

Fig. .
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Fig. 6. Demonstrating how the ‘spot” may be moved to any position on the tube screen.
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Fig. 8. Above

Model 535 Supreme 2” Oscilloscope

L

Fig. 7. Above Fig. 9. Below
Model 546 Supreme 3” Oscilloscope Sine Wave Analysis
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Fig. 10

Model 530

Supreme
Oscilloscope

MEG. o }

0.13- \MEG. &E-’G

el —
10 05-OHMS MEG. 0z 1}.-6'[3»11

Fig. 11. Schematic of Model 530 Supreme Oscilloscope.
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CHAPTER 2

Power Supplies and Associated Circuits

The power supplies used with modern
Cathode-Ray Oscillographs all have one fea-
ture in common, that is they are charac-
terized as having high voltage output
with very low current drain.

The highest voltage encountered in com-
mercial practice is of the order of 4000
volts, which is required in the 9-inch Cath-
ode-Ray tube. The 5-inch tubes require
2000 volts, while the 3-inch tubes work very
well with 1000 volts. The remaining two
sizes of Cathode-Ray tubes are the 2-inch
which operates at 600 volts and, last, the
1-inch tube working at 400 volts.

We wish to repeat the warning which all
manufacturers include in their instruction
books : that the high voltages used in Cath-
ode-Ray circuits are dangerous. As a mat-
ter of fact, the 4000 volts used in the 9-inch
Oscillographs can cause instant death. The
warning is especially intended for experi-
menters who like to build equipment on the
breadboard plan with all wires exposed.

Another feature, which seems to be com-
mon to all power supplies, is the grounding
to chassis of the highest potential. To those
not acquainted with the reasons behind this
procedure, the system seems to be all
wrong ; and the complex voltage-divider net-
works usually add to this impression. The
main reason for grounding to chassis is that
Anode No. 2, which receives the highest po-
tential, is physically close to the deflecting
plates. Since one deflecting plate of each
pair is grounded to chassis, there would be
a potential difference, between Anode No. 2
and these grounded plates, of anywhere be-
tween 400 and 4000 volts, depending on the
tube and circuit. The probability of a flash-
over between Anode No. 2 and the grounded
deflector would, naturally, be greater, the
higher the voltage used.

Because of the very small current required .
in Cathode-Ray tubes, the filter systems re-
quired to smooth out A. C. ripple are very
simple ; in most cases consisting of a single
0.5-mf. condenser, or a single “pi” section
consisting of two condensers (usually 0.25
-mf. each) with a 100,000-ohm resistor be-

tween them.
For a clearer understanding of these

10

power supplies in general, we shall break
down a representative supply used with the
3-inch Cathode-Ray tube.
. See Fig. 13, which shows the circuit with
the high potential side ungrounded, in the
usual manner. Next we show, in Fig. 14,

AAAA
AA 'vvv

""
vyyy—

—
AAAA

AA

Fig. 15.

the same circuit with the high-potential side
grounded.Then, in Fig. 15, we add the low-
voltage rectifier, which supplies current to
all the other tubes in the circuit. Finally,
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in Fig. 16, we include the voltage divider
and beam-shifting network. The complete
circuit is used in the RCA Cathode-Ray Os-
cillograph, type TMV-122-B. Thus a study
of the schematic diagrams of the various
oscillographs on the market will disclose
the fact that the power supplies in use are
quite similar in operation, if not in fact. In
general, two rectifiers are used. The half-
wave rectifier usually supplies the Cathode- -
Ray tube alone (with the high potential
grounded) ; while the full-wave rectifier
supplies the amplifiers and other tubes and,
for this reason, the filtering is much more
extensive. Several types of filter systems
are shown in Fig. 17A to Fig. 17D. The vol-
tage-divider systems used in commercial
practice are also quite similar. A careful
study of Fig. 16 will show that the voltage

1

First, it is necessary to know how much
plate and screen current each tube in the
circuit requires, at the voltage with which
it is going to be used. This information is
readily obtainable from any tube manual.

Secondly, all the various currents required
should be added together to give a total
drain in milliamperes without the bleeder
current. If the rectifier can safely supply
the tube current, and still have a safety mar-
gin for bleeder purposes, then the total vol-
tage-divider values may be calculated with
plain arithmetic. A good point to remember
is to use only four-fifths (or 80%) of the
total current that the rectifier can safely
supply, to obtain long tube life.

The beam-control system, in most oscillo~
graphs, consists of two potentiometers wired

6 ' +300V 574885
wmomes £ 36000 PLATES

+ 25v5= OHMS
| 57 SCREENS

i 30HY. 110 SHIFT
CHOKE) ME: —

£

MEG
:: B85 (EACH)

T(EACH)— T/'l' E:\\CATHODE
] 1000 FOCUS

0.25- zo/ ¥+ OHMS A,:'g
ME TINTENSITY 0.3- \(E/ACH) | GRIDOF MEG.

AN I 906 \
- 1300V,

SW. 01- i 04 0.28- HEATER
MEG. I MEG. MEG. CAAND
/ 'l \l\Al AA AAAAAA -S;ODEAVV""A'A' ' ryryYvy YYvyy 9%

Fig. 16 Voltage Divider Circuit.

divider makes it possible to obtain fixed and
variable voltages for the 906 grid, Anode
No. 1 and beam-shifting voltages for the de-
flecting plates. Likewise, fixed operating
voltages are obtained for plates, screens and
the 885 cathode, from the low-voltage rec-
tifier.

The principles involved in the calculation
of the values required in any voltage-divider
system will be briefly explained.

into the voltage-divider system in such a
way that a plus, zero, or minus voltage can
be applied to either deflecting plate, neither
of which draws any current.

The RCA system in Fig. 20 enables the
operator to apply on either plate a voltage,
varying from plus 70 to minus 140; thus
making it possible to locate the spot on the
screen wherever desired. -In the same vol-
tage-divider system will be seen the “Inten-
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Fig. 17A Fig. 17B Fig. 17C Fig. 17D

sity” potentiometer, which controls the
amount of negative voltage applied to the
906 grid. A range of approximately 100
volts, from 0 to —100, can be covered ;
which is sufficient to completely control the
cathode-current beam.

The ‘Focus’ potentiometer is also part of
the voltage divider and is used to control
the size of the spot. By using the correct
potential with reference to the fixed Anode
No. 2 voltage, the spot can be brought down
to the size of one sixty-fourth of an inch;
which is sharply defined and clearly visible.

- ¢ @

Fig. 18. Fig. 19

RCA 3” Oscillograph RCA 3” Oscillograph with
Cover Removed
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CHAPTER 3

Sweep Circuits

An oscillograph without a sweep circuit
is like a clock without hands. Since a clock
without hands would be, obviously, useless
for telling time, we may have carried the
analogy too far; because the sweep-less os-
cillograph can still be used for several im-
portant measurements.

However, the addition of the “time-base,”
or sweep circuit, makes the instrument vast-
1y more useful; and its principle should
therefore be thoroughy understood.

The subject is so important that it fully
warrants a detailed exposition from the very
beginning. First of all, there are several
types of sweep circuits, which include elec-
tronic, electrical, mechanical and magnetic
types. In commercial practice the most
widely-used type is electronic, employing a
gaseous triode oscillator.

Returning to first principles, it is seen that
a time-base is required only with varying -
voltages. A time-base used with a pure D. C.
unvarying voltage on the vertical plate
would produce a straight horizontal line.
Without the time-base, this same voltage
would appear as a motionless spot, some-
where on the screen.

Applying an alternating voltage on the
vertical plate, without the sweep, would re-
sult in a vertical line; providing that the
frequency of alternations was greater than
10 cycles per second. At very low fre-
quency, the movement of the spot can be
followed by the eye but, above 10 cycles per
second, the motion of the spot itself cannot
be followed and it appears as a line of light.

Now, in order to spread this alternating
voltage across the screen, it is necessary to
apply on the Horizontal plate a voltage
which is equal in frequency and ampli-
tude, but must be of the saw-tooth type
of wave-form. Under these conditions, one
complete cycle of the vertical voltage will
appear to stand still on the screen. If the
sweep-frequency is reduced to one half of
the vertical voltage, then two complete cy-
cles will appear on the screen. See Figs.
23A, 23B and 23C. This result can only be
obtained with the saw-tooth wave form.
This special form of wave is produced as fol-
lows:

16

®

VERTICAL
PLATE WITHOUT
SWEER

ALTERNATING VOLTAGE
APPLIED TO V

SWEEP VOLTAGE ON
HORIZONTAL PLATE.

0 VOLTAGE APPLIED
TO VERTICAL.

COMBINED VOLTAGES
RTICAL_AND

HORIZONTAL PLATES,
EQUAL IN FREQUEN-
CY AND AMPLITUDE.

Fig. 23A—B-C

The 885 tube is a grid-controlled, gaseous-
discharge tube of the heater-cathode type.
It is especially designed for use as a sweep-
circuit oscillator in cathode-ray tube cir-
cuits.

Operation of the 885 as a sweep-circuit
oscillator is made possible by the feature
that a negative voltage on the grid either
maintains plate current cutoff, or promptly
loses control ; depending on the value of the
plate voltage. After grid control is lost, it
can be restored only by reducing the plate
voltage below the ionization potential of the
gas in the tube. This action can be con-
trolled by means of a condenser, shunted
across the plate circuit, which is charged
through a current-limiting resistor.

When the voltage at the plate of the 885
reaches the break-down potential, the con-
denser discharges through the tube; the
plate voltage drops, the grid resumes con-
trol and a new cycle is started.

A mechanical analogy may make the dis-
cussion clearer. We have all seen, at some
time or other, how a pile driver operates.
The hammér head is slowly pulled up to
the top of its channel and then released,
whereupon it falls several times faster than
it ascended. In other words, it required 10
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seconds of time to travel up, and only one
second to travel down.

In the same way the voltage which is
charging the condenser is also applied to
the plate of the 885 at a wuniform rate of
time, and is also deflecting the spot across
the screen at the same time. Now, when
the condenser has been fully charged, the
plate voltage rises to a maximum (on the
plate). If this maximum voltage is enough
to cause breakdown through ionization, then
the condenser instantly discharges through
the tube—and also instantly snaps the spot
on the screen back to its starting point. A
new cycle starts, and the action is repeated.
Figs. 24A, 24B and 25C show a graphic
view of the action.

In Fig. 24A, the capacity of condenser C
determines the frequency at which the spot
is moved across the screen. The variable
resistor R is used for fine frequency adjust-
ment.

from one of the filament windings of the
power transformer within the oscillograph.

This voltage, of course, has the standard
line frequency of 60 cycles. The 60-cycle
sweep is applied to the horizontal deflection
plates in place of the more widely used saw-
tooth type, -in order to study and identify
frequency ratios and the effects of phase
shifting.

As we previously pointed out, when two
identical alternating voltages are applied to
both the vertical and horizontal plates, the
resulting pattern is a single sloping line.
When we say identical, we mean that the
voltage, frequency and phase are all absol-
utely equal. The smallest change in any
of these three quantities will cause the
single sloping line to shift or change its

. form.

To illustrate, when the two voltages are
identical, a straight sloping line will be
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Fig. 24A

While Fig. 24B shows a linear charging
rate for condenser C, this does not hold true
in practice. Actually, the charging rate
varies as the condenser approaches {ull
charge, producing a bend at the top of the
cycle. In practice, this bent part of the
cycle is not used, only the linear portion
being allowed to actuate the spot.

We will discuss now the applications of
the 60-cycle sweep. As the name implies, this
is an alternating voltage, usually obtained

B—Above C—Below

traced from the upper left-hand corner of
the screen, extending diagonally downward
to the lower right-hand corner. Now, if
these two voltages are equal in amplitude
and frequency, but 180 degrees out of phase,
you will see that the sloping line has changed
its position from upper left to upper right,
on the screen. This one test alone is of
great help in observing symmetry of push-
pull circuits, where equal but opposite vol-
tages are required.




