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Goreword

2

THIS BOOKLET ¢provides technical informa-
tion on the features and applications of
listed RCA Cathode-Ray Tubes and allied types.
In convenient reference size, it will be found
helpful by everyone interested in the appli-
cation of cathode~ray tubes.

The various cathode-ray tubes described
in the following pages have been designed to
meet the general requirements of oscillographic
applications. These types, therefore, may not
meet the specific requirements of certain
special oscillographic applications. If you
have a problem of this kind, we invite you to
bring it to our attention,

Should you desire additional technical
information onany of the tube types described
in this booklet, we shall be glad to be of
further service.

RCA RADIOTRON DIVISION
RCA MANUFACTURING COMPANY, INC.

Harrison, New Jersey
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The sale of tubes described in this booklet carries a license
for use In all fields other than communications for hire or toll,
power, medical, theragoutlc, railway signalling or commercial
sound recording, but the sale of this device does not carry a
Iicense under patent claims on combinations of the device with
other devices or elements as, for exampie, In various clircuits
and hook-ups except only for legitimate renewals and repairs In
apparatus and systems already |liconsed for use under such patent
ctaims on combinations.

information contained in this bookiet (s furnished without
assuming any obllgations,
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CATHODE-RAY TuBES
ancf

ALLIED TYPES

Introduction

The rapid progress of the electronic art in the last few years
is a matter of common knowledge. Radio tubes, of course, have re-
ceived a major share of the public's attention, because of their
numerous improvements, spectacular increase in types, and seemingly
endiess applications,

It is not so well known that cathode-ray tubes have made equatly
important advances. For many years, the cathode~ray tube has been
known to possess unique properties making it indispensabie for cer-
tain research investigations. Although its usefuiness and versatil-
ity were recognized at an early date, the cathode~ray tube has not
until recently acquired extensive use in the fields of applied engi-
neering. This siow utilization by engineers of a device having such
excellent theoretical possibilities has uadoubtedly been due in part
to the lack of rugged, reliable, and low-cost tubes.

Cathode-ray tubes have now reached a state of deve lopment such
that the user can depend upon them for information previousiy obtain-
able only by more costly and more delicate apparatus, A modern, high-
vacuum cathode-ray tube operated at easily obtainable voltages shows
a clear, sharp trace even in a well-lighted room and is readily cali-
brated so that quantitative measurements can be made. It is easily
applied to a wide variety of practical engineer ing uses,

The recent advances in high-vacuum cathode-ray tube design tend
toward tower cost, longer tube iife, more stable characteristics,
and less complicated auxiliary equipment. These improvements have
resulted in a real expansion in the every-day application of catrode-
ray tubes. Cathode-ray oscillographic equipment is no longer con-
fined tothe laboratories of large universities and industrial plants,
but is fcund in many amateur radio and broadcast stations, as well
as in the laboratories of numerous schools, small industrial compa—
nies, and private exper imenters.




General T"ICOI'Y

RCA Cathode-Ray Tubes are designed for use in oscillographic ap-
plicaticns. In order that the operation of and the results obtained
with the osciliograph can be better understood, a brief review of
high-vacuum cathode-ray tube fundamentals may be of interest.

One arrangement of the electrodes in a hjigh-vacuum cathode-ray
tube is shown schematicaily in Figure |, The tube is seen to possess
the following attributes: a containing envelope (E} of glass for
the purpose of maintaining a vacuum in the tube; a cathode (K) for
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FIGURE 1

SCHEMATIC ARRANGEMENT OF ELECTRODES IN A
CATHODE-RAY TUBE OF THE ELECTROSTATIC -DEFLECTION TYPE

the production of free electrons; an electrode (H) for accelerating
the electrons; a focusing electrode (F), identified as anode Ko.1,
for concentrating the electrons into a "cathode ray" or beam; a high-
voltage anode (A}, known as anode Ko.2, for further accelerating the
electrons; a control electrode (G), referred to as grid No.1, for
controlling the beam current; two sets of electrostatic deflecting
plates (B) and (C), for deflecting the electron beam; and a screen
(S) which is coated on the inner surface of the enlarged end of the
bulb with a material which shows a fluorescent glow at the impact
point of the electron beam, The electrodes K, G, H, F, and A are
collectively called an electron gun, inasmuch as their function is
to generate a beam of electrons and to direct it toward the viewing

screen (S)

D oW

FIGURE 2a FIGURE 2b FIGURE 2¢

Since the electron beam consists of rapidly moving electrons,
it constitutes a current having both electromagnetic and electro-
static properties. Because no material conductor isrequired to carry
the electrons, the beam has negligible mass and negligible inertia.
Due to this inertialess characteristic, the electron beam can be de-
flected easily and rapidly by either electromagnetic or electrostat-
ic fields. In the cathode-ray tube shown in Figure |, the deflect~
ing force produced by the phenomenon under investigation takes the
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RCA CatHoDE.RAY Tuses

form uf an electrostatic field produced by a volitage applied across

the defiecting plates (B), If this is an alternating voltage, the

field produced causes the fluorescent spot viewed from the front of

screen (S) to move up and down. This movement of the spot traces a

vertical line, as in Figure 2a. A "time sweep" voltage of suitable

wave form is applied across the defiecting plates (C), causing the

beam to move back and forth horizontally, as in Figure 2b. The com-
bined deflecting forces of the two fielids may be caused to produce a

pattern such as that in Figure 2c. The fluorescent pattern which

the electron beam traces on the screen can be viewed leven in a well-
lighted room}, measured, and photographed.
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FIGURE 3

SCHEMATIC ARRANGEMENT OF X y
ELECTRODES IN A CATHODE - RAY

TUBE OF THE ELECTROMAGNETIC-DEFLECTION TYPE

Another type of cathode-ray tube is shown schematically in Fig-
ure 3. In this case, no electrostatic deflecting plates are em-
ployed. Deflection of the beam both horizontally and verticaily is
accomplished by means of two electromagnetic fields, produced by two
pairs of coils, X and Y. In other respects, this type of tube func-
tions essentially the same as the electrostatic-deflection type.
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General Features of RCA Cathode-Ray Tubes

RCA Cathode-Ray Tubes are of the high-vacuum, hot-cathode type
with fluorescent viewing screens of various sizes and characteris-
tics, and are designed to meet the requirements of a wide variety of
applications,

Deflection of the electron beam is accomplished by electromag-
netic or by electrostatic means, or by a combination of both., Where
electrostatic control is used, the tubes are designed with two sets
of deflecting plates, as in the case of the 906. The 903 illustrates
the type where only electromagnetic deflection is employed, while
the 904, equipped with one set of defilecting plates, is of the elec-
trostat ic-magnetic type.

The fluorescent screen material used in some types {(such as the
905 and 906) produces a brilliant, |luminous spot which is easily
visible even in a weli-lighted room; this material is identified as
Phosphor No.1, The 907 and 908 employ a different screen material,
known as Phosphor No.5. This type of screen produces a highly ac-
tinic spot of short persistence, suitable for moving-film recording
of the phenomena under observation. Either type of screen is suit-
abie for the observation and photography of many recurrent and tran-
sient phenomena. RCA cathode-ray tubes are available with screen
diameters of 3, 5, and 9 inches. Additional information on features
of the fluorescent screens is given on page 88,

The electron source of each RCA cathode-ray tube is a substan-
tial cathode, indirectiy heated. The heater s operated at its
rated voltage from a transformer winding without any special adjust-
ments such as are sometimes wused with other types of cathode-ray
tubes. The cathode, control electrode, accelerating electrode (in
types 903 and 904), focusing electrode, and high-voltage anodé serve
to generate and direct a beam of electrons toward the fliuorescent
screen. The resulting luminous spot can be regulated as to size and
intensity by suitable choice of electrode voitages.

~4o




Cathode-Ray Tube Installation

The base pins of RCA cathode-ray tubes are designed to fit
standard receiving tube sockets of the five-~, six-~, and seven-contact
type, which may be installed to operate the tubes in any position
The socket should be made of good insuiating material and should be
designed with adequate spacing between contact springs to prevent
voltage breakdown. A socket constructed with insulating baffles be-
tween contacts provides an additional factor of safety. Some tyges,
such as the 906 and 908, have all leads brought out to base pins.
Other types, such as the 903 and 904, bhave some of the electrode
leads brought out to caps on the buib. Base and cap connections as
well as essential dimensions are given under each tube type on its
outline drawing.

The buld of each tube type, except for the screensurface, should
be enclosed in a grounded metal case. If an iron or steel case is
employed to minimize the effect of extraneous fields on tube oper-
ation, care should be taken in its construction to insure that the
metal is completely demagnetized.

The heater of each type is designed to operate at 2.5 volts.
The transformer winding supplying the heater power should be des i gned
to operate the heater at the rated voltage wunder average |ine-volt—
age conditions, IN THE USUAL CIRCUIT WHERE THE DESIGN 1S SUCH AS TO
CAUSE A HIGH POTENTIAL DIFFERENCE BETWEEN THE HEATER WINDING AND
GROUND, THE HEATER WINDING SHOULD BE ADEQUATELY INSULATED TO WITH-
STAND THE MAXIMUM HIGH VOLTAGE THAT WILL BE APPLIED,

The cathode of every type except the 903 and 904 is connected
internaily to one side of the heater. In the 903 and 904, the cath-
ode is connected to the No.5 base terminal. The cathode socket termi-
nal for these two types should be tied to one side or to the mid-tap
of the heater winding. Grid and anode returns should be made to the
cathode in each case.

The fluorescent screen material used in present RCA cathode-ray
tubes is of two types, identified as Phosphor No.1 and Phosphor Ko.5.
For additional information on fiuorescent screens, refer to pages 4
and 88.

Two sets of deflecting plates, in the electrostatic tube types,
are placed in the bulb neck so as to produce two electrostatic fields
at right angles to each other. In the 906 and 908, one plate of one
set is tied to one plate of the other set and to anode No.2 within
the tube. In order to maintain the free plate of each set at es-
sentialiy the d-c potential of anode No.2, each free plate should be
connected through a resistor of one to ten megohms to the No.2 anode
socket terminal {usvally grounded). This arrangement, when suitablie
resistor values are chosen, assists in preventing the pattern on the
viewing screen from being distorted by d-c potentials built up on
the deflecting plates. In generail, the resistance of the deflecting-
plate resistors shouild be as low as external circuit conditions will
permit.
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RCA CatHope-RAY Tuses

If the zero axis should be permanentiy deflected during oper-
ation, it is usually because the beam current is too high for the
resistors used. The beam current should ordinarily be kept low. At
times when it is necessary to use a high value, as when photographs
are taken, the value of the deflecting-piate resistors should be re-~
duced so that the zero—axis shift wili not carry the spot off the
viewing screen; if desired, the deflecting-plate resistors can be
connected to a variable d-c bias volitage to compensate for the shift,
or to provide a pattern-centering adjustment.

Other electrostatic types, such as the 904 and 905, have their
deflecting plate and No.2 anode leads brought out to separate termi-
nals. In such cases, each deflecting plate of each pair should ordi-
narily be connected to anode No.2 through resistors of one to ten
megohms. Again, suitable choice of resistor values assists in pre-
venting distortion of the pattern and in making the zero-axis shift
negligible. However, a pattern-centering adjustment is frequently
desirable, especially for patterns which are non-symmetrical about
the zero axis.

The deflection sensitivity of the "top" pair of piates is some-
what less than that of the "bottom" set, since the sensitivity is a
function of the distance of the plates from the fluorescent screen.
The exact values for a particular tube type cepend upon the No.2
anoge voitage employed. Deflection sensitivity values, expressed in
millimeters per volt, are given under CHARACTERISTICS for each elec-
trostatic tube type.

Four electromagnetic coils for deflecting the electron beam in
electromagnetic tube types, such as the 903, operate in pairs, the
coils of each pair being placed diametrically opposite each other
and as clouse as possible to the bulb-neck constriction. The fields
produced by the two pairs of coils should give uniform fiux density
and the axis of each magnetic field should intersect the axis of the
electron beam perpendiculariy. The axis of one magnetic field is
usually located so that it is perpendicular to the axis of the other.
When the electromagnets employ an iron core to concentrate the mag-
netic flux, the core should close the external magnetic path.

The design of the magnetic coils will depend on the require-
ments of the appilication. A typical iron-core magnet design for the
903 is given in the drawing on page 29. The curve on this drawing
shows the deflection sensitivity inmillimeters deflection per ampere
turn versus No.2 anode voltage. For additional information on elec~
tromagnetic defleciing systems, refer to page (08,

The d-c supply voltages for the electrodes may be conveniently
obtained from a high-voltage, vacuum-tube rectifier. Since a cathode-
ray tube requires very little current, the rectifier system can be
of either the half-wave or voltage-doubler type. For the same reason,
the filter requirements are smail. A 0.5 to 2,0 uf filter condenser
will ordinarily provide sufficient filtering, If this is inadequate
for a particular application, a two-section filter is recommended.
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RCA CatHoDE-RAY Tuses

When the metal parts of the cathode-ray gun are exposed 1o a
strong magnetic field, they may, on rare occasions, retain a small
amount of residual magnetism. If this occurs, the spot may appear
somewhat blurred. To correct this condition, it is advisable to sub-
Jject the magnetized parts to a strong but gradually decreasing a-c
magnetic field.

THE HIGH VOLTAGES AT WHICH CATHODE-RAY TUBES ARE USED ARE DANGER-
OUS. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF EQUIPMENT, TO GUARD
THE OPERATOR FROM COMING [N CONTACT WITH THESE VOLTAGES. Precautions
include the enclosure of high-potential terminals and the use of
"inter lock" switches to break the primary circuit of the high-voit-
age power supply when access to the apparatus is required. In most
installations it is recommended that the positive high-voltage termi-
nal be grounded, rather than the cathode terminai. With this method,
which places the cathode and heater at a high negative potential
with respect to ground, the dangerous voltages can more easily be
made inaccessible.

In the use of cathode-ray tubes, it should always be remembered
that high voltages may appear at normally low—-potential points in
the circuit, due to condenser breakdown or to incorrect circuit con-
nections. Therefore, before any part of a cethode-ray tube circuit
or its associated circuit is touched, the power-supply switch should
be turned off and both terminals of any charged condensers grounded.

-



Cathode-Ray Tube Application

The cathode-ray oscillograph is an extremely versatile instru-
ment which can be adapted to a wide variety of applications, A few
of the more important are the study of wave shapes and transients,
measurement of modulation and peak voltages, adjustment of radio
receivers, compar ison of frequencies, and the indication of balance
in bridge circuits. It is not practical to list here all of the
present known applications of the cathode-ray oscillograph. However,
the material presented in this booklet should serve as a guide so
that the user of oscillograph equipment can quickly obtain satis-
factory results in the more important applications which are likely
to be encountered. A thorough understanding of the cathode-ray
oscillograph in connection with these appiications will enabie the
ingenious engineer or exper imenter to find numerous other uses to
which the equipment can be advantageously applied.

An oscillograph circuit lemploying the 906) is shown on page
50. The electrode voltages are obtained from a bleeder circuit con=-
nected across the high=-voltage supply. A bleeder current of one or
two miiliamperes is usually satisfactory; considerably larger values
may require the use of more filtering than that provided by a single
condenser shunted across the d-c supply. With small bleeder currents,
a single condenser filter is usuvally adequate. A variable d=c volt-
age for the control electrode and for anode No.l can be obtained
from potentiometers in the bleeder circuit. Some RCA cathode-ray
tube types have an additional accelerating electrode; the d-c volt-
age for this electrode can be taken from a fixed tap on the voit-
age divider.

Focusing of the fluorescent spot produced by the beam is con-
trolled by adjustment of the ratio of the volitages on anodes No.2
and No.l. The focusing is ordinarily accompiished by adjustment of
the No.| anode voltace.

Reguilation of spot size and intensity can be accomplished by
the variation of No.2 anode current and/or voltage, The current to
anode No.2 may be increased by reducing the bias voitage applied to
the control electrode {(grid No.l). An increase in the No.2 anode
current increases the size and intensity of the spot. An increase in
the voltage applied to anode No.2 increases the speed of the elec—
trons, which increases spot intensity and decreases spot size. When
any of these adjustments are made, consideration should be given to
the limiting voltage and power ratings shown in the tabulated data
under each tube type.

In applications involving extremely accurate measurements, the
No.2 anode current should be reduced to the minimum value consistent
with the desired brilliance of pattern. Wwhere high brightness is an
important consideration, the No.2 anode voltage may be increased to
the maximum rated value., This procedure, however, is not aiways de-
sirable since the greater electron speed causes reduced deflection
sensitivity.

RCA Cathode-Ray Tubes are designed to provide the greatest
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RCA CatHoDEe-RAY Tuses

possible current in the electron beam consistent with good focusing
qualities. This high—current capability is a distinct advantage for
obtaining high brightness of patterns covering considerable area,
but must be used with caution when the spot traverses slowly any
portion of a large pattern or when the pattern size is smali, In
such cases, particularly when recurrent phenomena are involved, a
pattern, or some portion of it, having too high a power input per
unit area may exceed the rating of the screen. A slowly-moving spot
is tentatively defined as a spot which is traveling slowly enough to
be seen as a spot, rather than as a trace or line. With patterns of
this type, the power input to the fluorescent screen shouid be calcu-
lated on the basis of a stationary spot.

1t is important to note that the maximum input power to the
fluorescent screen should not exceed 10 mw per sq cm, except for
short-interval operation as explained in the paragraph on high-speed
photographic work. The use of screen-input power in excess of this
value will adversely affect the fluorescent coating, depending on
the magnitude and the duration of the power input. The resultant
injury to the screen may be a temporary loss of sensitivity, or a
permanent destruction of the active screen material.

A high—intensity spot should be kept in motion by applying volt-
age to the deflecting system, in order not to exceed the maximum
fluorescent-screen input rating. until this voltage is applied, the
fluorescent-screen input power should be kept low, either by apply-
ing a high negative control-electrode bias or removing the voltage
from anode No.2.

Deflection of the electron beam may be accomplished by electro-
static or electromagnetic means, or by a combination of both, as ex—
plained under CATHODE-RAY TUBE INSTALLATION. In practice, one de-
flecting field is controlled by the phenomena under observation; the
other may then be used to provide a suitable time sweep, The latter
field serves to spread the tracing across the viewing screen,

Time-sweep circuits are of various types. The choice of cir-
Cuit depends upon the type of phenomena under observation as well as
upon the type of cathode-ray tube used, For recurrent phenomena, a
periodic sweep with a repetition frequency adjustable to a simple
multiple relation with the frequency of the phenomena is generally
empioyed, For transient phenomena, a single sweep of the electron
beam across the screen is ordinarily desirable; the starting of this
sweep essentially coincident with the starting of the transient can
be controlied manually, or automatically by electrical circuits,
depending upon the application,

A means of synchronizing the time-sweep frequency with the
frequency of recurrent phenomena is necessary if astationary pattern
is desired. One method of obtaining synchronization is explained on
page 20. A mechanicailly-controlled sweep can be used when it is de-
sired to synchronize the sweep with the movement of some mechanical
device, such as a rotating condenser. An example of this type of
sweep is given on page 107.
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RCA CatHoDE-RAY Tuses

A sweep which is linear with respect to time (dispiacement pro-
portional to time) is generally most useful. For some applications,
it may be desirable or more convenient to use a non-linear sweep;
this may be sinusoidal, logarithmic, or of some other relation with
respect to time. The sweep can cortrol the electron beam either
electromagnetically or electrostatically, depending upon the type of
cathode-ray tube used. Data on linear sweep circuits for electro-
static deflection are given on pages 15-21, A system of obtaining
current for electromagnetic timing is described on page 108. One
convenient method of obtaining 2 non-linear time sweep which issuit-
able for some applications employs an a~-c voltage of the desired peak
value, obtained from the power |ine preferably by means of a separate
transformer winding so as to isolate the control voltage.

A different method of timing involves the use of a recording
film moving at a constant speed, or a system of mirrors rotating at
a uniform velocity. Cathode-ray tubes such as the 907 and 908, which
have a short-persistence (No.5 phosphor) screen, are especialiy de-
signed for use with these latter timing systems. Blurring of the
trace does not occur because of the extremely short after-glow or
phosphorescence of the No.5 screen,

A photographic record of many types of phenomena can be made if
desired. Such records may be helpful in the study of phenomena and
are sometimes necessary for wave-analysis work. A discussion of the
photography of cathode-ray tube patterns is given in the text start-
ing on page 86. Formulas and data, based on laboratory experiments,
are given for several types of tubes. It should be noted that con-
siderable variations in results can be expected, due to variations
in tubes, emuisions, and technique.
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RCA-878
HALF-WAVE HIGH-VACUUM RECTIFIER

The 878 is ahigh-vacuum, half-wave rectifier of the hot-cathode
type for use in suitable rectifying systems to supply the d-—c volt-
age requirements of cathode-ray tubes. Because of the high voltage
and low-current demand of this service, a tungsten cathode ot the
filament type is employed.

CHARACTER ISTICS

FILAMENT VOLTAGE (A.C.) 20845) Volits

FI1LAMENT CURRENT 5.0 Amperes

A-C PLATE VOLTAGE (RMS) 7100 max., Volts

PEAK |INVERSE VOLTAGE 20000 max. Voits

D-C OUTPUT CURRENT (Continuous) 5 max. Milliamperes

BULB (For dimensions, see page 12} T-14

CAP (For connection, see page 12) Medium Metal Skirted

BASE (For connections, see page 12) Medium 4-Pin
INSTALLATION

The base pins of the 878 fit a standard, four-contact socket,
which should be mounted to hold the tube in a vertical position with
the base down. In uvrder to provide additional filament-pin contact
area, base pins No.| and No.2 are connected together within the base;
also, pins No.4 and No.3, A socket making firm, wiping contact with
the base pins and capable of carrying five amperes continuously
should be used. The plate connection is made to the cap on top of
the bulb.

The bulb becomes hot during operation. Sufficient ventiiation
should be provided to prevent overheating.

The filament of the 878 is designed for operation at 2.5 valts.
The transformer supplying the filament power shouid be designed to
operate the filament at this rated value wunder average line-voltage
conditions, It is important that the filament winding be insulated
to withstand the maximum peak inverse voltage encountered in the
installation.

The plate supply is obtained from a high-voltage winding of a
power transformer. This winding should be designed to deliver an a-c
voltage not exceeding 7100 RMS voits wunder varying conditions of
supply-line voltage. The positive high-voltage connection is made to
one of the filament terminals at the socket. Variation of the d-c
output volitage may be conveniently obtained by means of a rheostat
in the primary of the piate transformer, provided the filament s
supplied by a separate transformer.

The maximum peak plate current of the 878 is limited by the
available emission from the filament. |In normal operation, the peak
current is practically independent of the size of the input filter
condenser and is approximately 20 miiliamperes.



RCA CatHoDE-RAaY Tuses

Filter requirements, due to the low-current demand of cathode-
ray tubes, are usually met by the use of a single condenser (0.5 to
2.0 pf) shunted across the bleeder circuit. The voltage rating of
the tilter condenser should be large enough so that the condenser
will withstand the instantaneous peak value of the a-c input volitage.
If this filtering is inadequate for a particular appiication, a two-
section filter is recommended.

THE HIGH VOLTAGES FOR WHICH THE 878 IS DESIGNED ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS USING
THIS TUBE SO THAT THE OPERATOR WILL NOT COME IN CONTACT WITH THESE
HIGH VOLTAGES.

APPLICATION

As a half-wave rectifier for supplying the high-volitage, d-c re-
quirements of cathode-ray tubes, the 878 may be operated in con-
ventional rectifier circuits wunder conditions not to exceed those
given under CHARACTERISTICS.

In voltage~doubler circuits, two 878's will deliver approximate-
ly twice the voltage obtainable from the haif-wave system for the
same a-C input voltage. |In this service, a separate filament-supply

winding is required for each tube.

|..|'31;-, MAX.-—1

CAP ) I‘.J'—'lf

.550™ .576 DIA. | 2

-
| |

TUBE SYMBOL & TOP VIEW
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RCA-879
HALF-WAVE HIGH-VACUUM RECTIFIER

Tne 879 is ahigh-vacuum, haif-wave rectitier of the hot-cathode
type for use in suitable rectifying systems to supply the d-c voit-
age requirements of cathode-ray tubes.

TENTATIVE CHARACTERISTICS

FILAMENT VOLTAGE (A.C.) 2.5 Volts

F ILAMENT CURRENT 1.75 Amperes

A-C PLATE VOLTAGE (RMS) 2650 max. Volits

PEAK |INVERSE VOLTAGE 7500 max. Volts

PEAK PLATE CURRENT 100 max, Miiliamperes
D-C OUTPUT CURRENT (Continuous) 7.5 max. Milliamperes
BULB (For dimensions, see page 14) ST-12

CAP (For connection, see page |4) Small Metal

BASE (For socket connections, see page 14) Small 4-Pin

INSTALLAT iON

The base pins of the 879 fit a standard, four-contact socket,
which should be mounted to hold the tube preferably in a vertical
position with the base down. The plate connection is made to the cap
on top of the bulb.

The bulb becomes hot during operation, Sufficient ventilation
should be provided to prevent overheating.

The filament of the B79 is of the coated type and is designed
for operation at 2.5 voits. The transformer supplying the filament
power should be designed to operate the filament at this rated value
under average |ine-voltage conditions. It is smportant that the fila-
ment transformer secondary be insulated to withstand the maximum feak
inverse voltage encountered in the installation.

The plate supply is obtained from a high-voltage winding of a
power transformer. This winding should be designed to deliver an a-c
voltage not exceeding 2650 RMS voits under varying conditions of
supply—line voltage. The positive high-voitage connection is made to
one of the filament terminals at the socket. Variation of the d-c
output voitage may be conveniently obtained by means of a rheostat
in the primary of the plate transformer, provided the filament is
supplied by another transformer,

Filter requirements, due to the low-current demand of cathode-
ray tubes, are usually met by the use of a single condenser (0.5 to

2.0 puf) shunted across the bleeder circuit. The voltage rating of
the filter condenser should be large enough so that the condenser
will withstand the instantaneous peak value of the a-c input voltage.

iIf this filtering is inadequate for a particular application, a two-
. section filter is recommended.

-13-
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THE HIGH VOLTAGES FOR WHICH THE 879 IS DESIGNED ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS USING
THIS TUBE SO THAT THE OPERATOR WILL NOT COME |IN CONTACT WITH THESE
HIGH VOLTAGES.

APPLICATION

As a half-wave rectifier for supplying the high-voltage d-c re-
quirements of cathode-ray tubes, the 879 may be operated in con-
ventional rectifier circuits wunder conditions not to exceed those
given under CHARACTERISTICS.

In voltage-doubler circuits, two B79's will deliver approxi-
mately twice the voltage obtainable from the haif-wave system for
the same a-c input voltage. In this service, a separate filament

supply winding is required for each tube.

e | Yg MAX. =

- |
{1 ¥ig MAX, |t |
cap |- =7 s
.346-.369" DIA. U 2

TUBE SYMBCOL & TOP VIEW

Ao OF
STI2 BULE 3%-3% | SOCKET CONNECT IONS
4%2-a'%2
SMALL ] |
a4-PIN BASE | |
TIE
500
ot
—{ 1,165 MAX. le—
2 PINS

£ PINS
/156 2.003D1A, L = PLATE-METAL TOP CAP

LN 1.
a37 , '] .a88
1

2 PINS
125 £.003" DIA. S pyre i

BOTTOM VIEW OF BASE
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RCA-885
GAS-TRIODE

The 885 is a grid-controlled, gaseous-discharge tube of the
heater-cathode type. It is designed for use as a sweep-circuit oscil-
lator in cathode-ray tube circuits.

Operation of the 885 as a sweep-circuit oscillator is made FoS—
sible by the feature that a negative voltage on the grid either main-
tains plate-current cut-off or promptiy ioses control, depending on
the vaiue of the plate volitage. After grid control is lost, it can
be restored oniy (except in very special cases) by reducing the ptate
voltage below the ionization potentiai of the gas in the tube. This
action can be controiled by means of a condenser shunted across the
plate circuit and charged through a current-limiting device (sce
circuit, page 23), When the plate voltage reaches breakdown poten-—
tiai, the condenser discharges through the tube, the pliate voltage
drops, the grid resumes control, and a new cycle starts, The shape
of the waves produced in this manner resembies the teeth of a saw.
This form of wave for sweep-circuit control of cathode-ray tubes per-
mits a quick recovery of the beam to the starting position and keeps
dim the fluorescent pattern of the return sweep so tnat it may not
be perceptible. The 885 is characterized by its extremely low de—ion—
ization time, its corresponding practicability for high-frequency
operation, and its stability in sweep-circuit oscillator service,

GAS-TRIODE AND SWEEP-CIRCUIT OSCILLATOR CONSIDERAT IONS

The function of the grid in the 885 is to control the starting
of plate current. For a given grid voltage, there is a particular
plate voltage at which the discharge will just occur. Once the dis—
charge has been set up, it cannot be further influenced by the grid
lexcept in very special cases), but it may be stopped by reducing
the plate potential beluw the ionization potential of the gas in the
tybe. The ratio of the plate voltage which will just cause "break—
down" and permit current discharge, to tne grid voltage at which
this action occurs is called the "grid control ratio." Fig,I10 shows
the break-down potentials at various control-grid bias values. The
grid control ratio calculated from this curve averages about 10.

Since the rate of de-ionization is extremely rapid, a drop in
plate voltage below the ionization potential causes prompt current
cut-off, This is a desirable characteristic of this tube for use in
sweep circuits, because it makes practical its operation at unusualiy
high frequencies for a gaseous type of tube. The voltage drop from
plate to cathode when the tube is carrying current is between 10 and
20 volts.

In the study of electrical wave forms, a plot of the magnitude
of the wave with respect to time is frequently useful, Such a plot
or pattern can conveniently be made for recurrent waves by means of
a time-sweep circuit wusing a type 885 tube in conjunction with a

=15~
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cathode-ray tube. This is done by means of two fields which defiect

the electron beam, One field is varied according to the magnitude

of the wave at any instant; the other field, placed at right angleé

to the first, is controlled by a varying voltage representing time.

The deflection.representing time must start at some pre-determined

point on the fluorescent screen of the cathode~ray tube, travel

across the screen at a uniform rate, and return to begin a new cycle.
Since the return period of the beam is not of special interest, is

usually non-uniform, and superimposes a second and interfering wave-

form on the screen, it should be made as smail a proportion of the

total sweep-cycle as possible. A return sweep having a relatively

short duration makes an aimost invisible trace on the viewing screen

of a cathode-ray tube. It is an additional convenience to have the

sweep-cycle synchronized with the wave-form under observation. These

requirements are adequately realizedby the use of the 885 in a relax-
ation-oscillator circuit to provide the time-sweep voitage.

SIMPLE SWEEP-CIRCUIT OSCILLATOR
WITH CURRENT -LIMITING RESISTOR

TYPEBSS

X
=

i

FIGURE 4

A simple sweep-circuit oscillator is shown in Fig. 4. Condenser
{C) is charged by battery (B) through resistance (R), The grid-bias
voltage (E.) prevents current flow through the tube until the volt-
age across the condenser and plate circuit reaches the breakdown
value. At this point, the condenser discharges through the tube and
loses its potential. As soon as the condenser voltage drops below
the ionization potential of the tube, the negative grid attracts any
positive ions to itself and drives any electrons to the other tube
elements, thus de-ionizing the space between cathode and plate. Dur-
ing the de—ionization period, the discharge current ceases to flow,
the grid resumes control, and the condenser starts to recharge for a
new cycle.

A simple sweep—circuit oscillator wusing a resistor to limit
charging rate does not give a linear time sweep unless the sweep
voltage is limited to about 5 per cent of the supply voltage. The
current flow to the condenser at any instant is

t
._E, R
i=gCe )
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RCA CatHoODE-RAY Tuses

where E is supply volts, R is resistance in ohms, C is capacity in
farads, t is interval in seconds after the circuit is closed, and €
is base of matural logarithms. The voltage across the condenser at
any instant is

t
e=E(1-c¢ Re )

The exponential charging curve starts linearly so that if e/E is
less than 0.,05,a ilinear sweep can be obtained. To obtain a linear
time sweep with a supply voltage only slightiy greater than the de-
sired sweep voltage, it is necessary to replace the resistor (R} of
Fig.4 by a device which will Iimit the current filow to a constant
rate. Methods for iimiting current flow may employ an emission-
saturated diode, a tetrode, or a pentode. The use of either a tetrode
or a pentode is preferable since the diode may not have a definite
saturation current. A pentode as compared with a tetrode supplies
uniform current over a iarger voltage-charging range. Fig.7 illus~
trates the use of a pentode as a current-liimiting device. The re~
sistance (R|) connected in series with the plate of the 885 is used
to timit the peak current during discharge to a safe value for the
tube. Ordinarily, this resistor does not appreciably increase the
discharge period.,

The time required to charge Cy, €, C3, or C4 of Fig.7 to any
voltage (V) is VC/I, where I is a uniform charging rate in amperes.
The number of sweeps or sawtooth pulses per second is then I/VC,
This expression neglects the time required for discharge, a factor
of importance only at very high frequencies, and hence can be used
to caiculate sweep frequency without appreciable error for the |ow-
frequency ranges. The relationship between sawtooth pulses per second
and C/I for several peak condenser voltages {peak sawtooth voltages)
is shown graphically in Fig.9. It should be remembered that C repre-
sents the total capacitance of the circuit and includes tube as well
as wiring capacitances. The size of the condenser empioyed for any
operating condition will, therefore, be smaller than the values taken
from Fig.9.

SAWTOOTH
ouTPUT
VOLTAGE
TIME —o { ;2 ;3 ;4 TIME —e= Y'| ;s%o
FIGURE & FIGURE 8
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For any peak sawtooth voltage, the time required for de-ioniza-
tion sets a definite maximum limit to the frequency obtainable. Fig.
5 indicates the wave form at several peak values of sawtooth wave
for constant frequency. De-ionization starts at T| and continues to
T,. f the condenser charging rate is excessive, the output voltage
will rise above the value required to start a discharge before de-
ionization is completed. This high voltage causes a new filow of cur—
rent so that the tube continues to oscillate at a higher frequency
having a period of Tz to T4. Under conditions of small over-voltage
prior to complete de-ionization of the tube, actibn as illustrated
in Fig.6 is possible. The higher-frequency oscillation starts but
is not maintained because discharge energy and ionization at Tg are
less than at T, Thus, de-ionization is completed at Tg before the
output voltage rises sufficiently to cause a new current fiow.

For stabie operation, condenser (C) must not be too smail, This
statement depends on the requirement that, for a definite frequency
and peak sawtooth voltage, charging current decreases with condenser
size. Since any leakage currents,such as residual ionization current
{at high frequencies) in the 885 and that due to shunt resistances
in the circuit,may be an appreciable percentage of the charging cur-
rent for smait values of the latter, some distortion of the time-
sweep wave with resulting non-linearity may occur with charging cur—
rents that are too low. Fig.8 shows for the 885 the maximum peak
sawtooth voltage obtainable at any frequency for different va lues of
condenser charging current., These curves should be used in conjunc-
tion with those of Fig.9 and Fig.10.

CHARACTER ISTICS

HEATER VOLTAGE (A,C. or C.C.) 255 Volts
HEATER CURRENT 1.4 Amperes
GR ID=PLATE CAPACITANCE ol upuf
GR ID-CATHODE CAPACITANCE 3.5 upf
PLATE~CATHODE CAPACITANCE 2.5 upf
TUBE VOLTAGE DROP (Approx.) 16 Volts
MAX IMUM OVERALL LENGTH 4-1t/4"
MAXI1NUM DIAMETER 1~9/716"
BULB ST-12
BASE Smali 5-Pin
As a Sweep-Circuit Oscillator
HEATER VOLTAGE 205 Volits
PLATE VOLTAGE (lInstantaneous) 300 max. Volts
PEAK VOLTAGE BETWEEN ANY TWO
ELECTRODES 350 max. Volts
PEAK PLATE CURRENT 300 max. Milliamperes
AVERAGE PLATE CURRENT:
For Frequencies below 200 Cycles per Second 3 max. Milliamperes
For Frequencies above 200 Cycles per Second 2 max. Milliamperes
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GRI1ID RESISTOR:
Shouid be not less than 1000 ohms per maximum instantaneous volt
applied to the grid. Resistance values in excess of 500000 ohms
may cause circuit instability.

As a Grid-Controlled Rectifier
For Frequencies below 75 Cycles per Second

HEATER VOLTAGE * 2.5 Volts
PEAK VOLTAGE BETWEEN ANY TWO
ELECTRODES 350 max. Volts
PEAK PLATE CURRENT 300 max. Milliiamperes
AVERAGE PLATE CURRENT ** 75 max. Milliamperes

GRID RESISTOR:
Should be not less than 1000 ohms per maximum instantaseous volt
applied to the grid. Resistance values in excess of 500000 ohms
may cause circuit instability.

* Should be applied 30 seconds before plate load current flows.
** Averaged over period of not more than 30 seconds.

INSTALLATION

The base pins of the 885 fit a standard, five-contact socket,
which may be mounted to hold the tube in any position.

The bulb becomes hot during operation. Althcugh sufficient
ventilation should be provided to prevent overheating, operation of
this tube is not critical to changes in bulb temperature.

The heater of the €85 is designed for operation at 2.5 volts,
The transformer winding supplying the heater power should be designed
to operate the heater at the rated voltage under average |ine—voitage
conditions.

The cathode should preferably be connected directly to the mid-
tap of the heater winding. !n circuits where the cathode and heater
are not connected directly, the heater may be made negative with
respect to the cathode by not more than 00 volits, provided the peak
voitage between any electrode and the heater does not exceed 350
volts. It is recommended that the heater never be made positive with
respect to the cathode. |f the use of a large resistor is necessary
between heater and cathode, the resistor should be by-passed by a
suitable filter network or objectionable variation of the time-sweep
wave may result.

APPLICATION
As a sweep-circuit oscillator, the 885 should be operated under
conditions which do not exceed the maximumvalues given under CHARAC-

TERISTICS.

Since the average plate current through the 685 is limited to
the values shown in the tabulated data, the constant charging cur-—
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rent to the condenser Cys Cy, etc. {in circuit on page 22) is also
limited to the same values. The condenser should be kept as smail
as practical, consistent with the desired freedom from distortion,
in order to keep the average plate current of the 885 low.

The circuit shown on page 22 illustrates the use of a pentode
as a current~-limiting device to maintain a constant charging current
to the condenser. A pentode provides exceptional sweep-uniformity
for output voltages up to about B85 per cent of the supply voltage.
The resistor (R,) is employed to limit the discharge current to a
safe value for the 865,

The sweep output voltage may be approximately doubled if R, is
replaced by an inductance, but the frequency will be halved. The
desired frequency, however, may be obtained by adjustment of the
shunt capacity. The value of the inductance is not critical, but it
must be large enough to limit the peak discharge current of the 885
to 300 ma. at the Ilowest operating frequency of each range. Too
large an inductance interferes with high-frequency operation. Suit—
able minimum values of inductance for the corresponding capacitances
are:

For Cy, Ly =100 Miliihenries, Minimum
Cy, Ly = 25 Millihenries, Minimum
C3, Ly = 5 Millihenries, Minimum
C4y Ly = I Millihenry, Minimum

For sweeps per second above approximately 20000, a condenser
may not be necessary because the capacity of the 885 and its circuit
is sufficient. Very high sweep rates may require the use of an ampli-
fier to provide the desired deflection voltage. Coupling leads from
the sweep circuit to the amplifier and from the amplifier to the
cathode-ray tube should be placed soas to minimize capacity effects.

The usual procedure for the observation of recurrent phenomena
is to operate the sweep-—circuit oscillator at a submultiple of the
observed frequency, so that several complete cycles will appear on
the viewing screen. For example, a 100-cycle sweep voltage will show
three complete cycles of a 300-cycle wave. Since the pattern will
drift across the screen unless the ratio of observed frequency to
sweep frequency remains constant at a definite value, it is usually
desirable to synchronize the sweep-voltage oscillator. For synchro—
nizing purposes, avoltage of a few volts a.c. (preferably adjustable
from zero) is suitable, Any means of introducing this voltage into
the grid circuit of the 885 is satisfactory, provided the total ef-
fective grid-circuit resistance to both alternating current and
direct current is in accord with recommended gr id-resistor values.

If transient phenomena are under ,observation, the sweep-voltage
frequency is not critical and synchronizing is often of no advantage.
In some cases, however, it is desirable to synchronize the starting
of the phenomena with the sweep-voitage, which may invoive only one
sweep of the beam across the screen.
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As a grid-controlled rectifier, the 885 may be used under con-
ditions which do not exceed the maximum ratings given under CHARAC-
TERISTICS.

r—d%MAX.—-
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&
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a4 l,4 MAX,
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LINEAR SWEEP-CIRCUIT OSCILLATOR DIAGRAM
WITH CURRENT-LIMITING PENTODE (A-C OPERATED)

Hnsv
60~
SUPPLY

VWAV

ALTERNATIVE ARRANGEMENT SUBSTITUTING A
CURRENT-LIMITING INDUCTANCE FOR R| AND
PROVIDING AUTOMATIC SELECTION

, - o]
OF PROPER INDUCTANCE FOR EACH J( 1
CONDENSER SETTING
: & s Cq
R =1000-0HM RESISTOR TO LIMIT ! €3
PLATE DISCHARGE CURRENT Ly Lag La e SWEEP
OF TYPE 885 TO SAFE VALUE [ VOLTAGE
Ro=38000-0OHM RESISTOR TO GIVE T_T_ OUTPUT
VOLTAGE DROP OF 330 VOLTS =
MAXIMUM EE:
885
R3= 6000-OHM RESISTOR TO GIVE
VOLTAGE DROP OF 50 VOLTS Ry
R4.= 300000-0HM GRID-CURRENT- !} te]
LIMITING RESISTOR skckka APIYS

=10000-OHM POTENTIOMETER
Rg=1500-0OHM RESISTOR
R7=50000-OHM VARIABLE RESISTOR, WITHOUT BY-PASS CONDENSER,
FOR FREQUENCY CONTROL
Rg=10-MEGOHM RESISTOR
Rg=7500-0OHM RESISTOR
Rip= 0 TO 50 000-OHM VARIABLE RESISTOR FOR SWEEP AMPLITUDE CONTROL
S = FREQUENCY =~ RANGE SWITCH
= FREQUENCY - RANGE SWITCH PROVIDING FOR SELECTION OF PROPER INDUCTANCE
=0.1 Ug
CZ 0.025L£% cONDENSERS TO PROVIDE SEVERAL FREQUENCY RANGES:
C3=0.005uf
Ca=0.001 i) SWITCH S ON | 1 | 2 | 3 | a |
CYCLES RANGE[12 TO 6050 TO 250 [ 240 T0 1200 [ 1000 TO 5000 |
WITH SMALLER CONDENSERS AND WITH CARE IN CIRCUIT
LAYOUT AND WIRING, THE OPERATING RANGE MAY BE
EXTENDED TO HIGHER FREQUENCIES
NOTE: SWEEP OUTPUT VOLTAGE MAY BE APPROXIMATFLY DOUBLED IF Ri IS REPLACED BY AN INDUCTANCE,
BUT THE FREQUEACY wILL BE CUT IN HALF. THE DESIRED FREQUENCY, HOWEVER, MAY BE OBTAIN-
ED BY ADJUSTING CONDENSER VALUE. THE VALUE OF INOUCTANCE 1S NOT CRITICAL BUT MUST BE
LARGE ENOUGK TO LIMIT THE PEAK DISCHARGE CURRENT OF TYPE 885 TO 200 MA. AT THE LOWEST
NPERATING FREQUENCY OF EACH RANGE. TOO LARGE AN INDUCTANCE (NTERFERES WiTH HIGH-FRE-
QUENCY OPERATION, SUITABLE MINIMUY VALUES OF INDUCTANCE FOR THE CORRESPONDING CAPACI-

TANCES ARE:
FOR C1 , L1=100 WH., WINIMUM
€2 . L2® 25 WH, N
€3, Ls* 5 MH. N
Ca, La= 1 WH. -
FIGURE 7
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OPERATING CHARACTERISTICS
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SAWTOOTH PULSES PER 'SECOND (f)

FOR A 0.5 MILLIAMPERE CHARGING CURRENT, SWEEP VOLTAGES MAY BE OBTAIN-
€D BETWEEN ESSENTIALLY O AND 300 VOLTS FOR A FREQUENCY RANGE UP TO
ABOUT 10000 CYCLES. AT HIGHER FREQUENCIES, THE MAXIMUM OBTAINABLE
SWEEP VOLTAGE FALLS OFF AS SHOWN ON THE CURVE,

FOR A 1.0 MILLIAMPERE CHARGING CURRENT, SWEEP VOLTAGES MAY BE OBTAIN-
ED BETWEEN ESSENTIALLY 50 AND 300 VOLTS FOR A FREQUENCY RANGE UP TO
ABOUT 15000 CYCLES. BETWEEN 5000 AND 30000 CYCLES, IT 1S ADVISABLE

TO OPERATE TOWARD THE UPPER VOLTAGE BOUNDARY OF THE CURVE FOR BEST
RESULTS,

FOR A 2.0 MILLIAMPERE CHARGING CURRENT, SWEEP VOLTAGES MAY BE OBTAIN-
ED BETWEEN ESSENTIALLY 150 AND 300 VOLTS FOR A FREQUENCY RANGE UP TO
ABOUT 2500 CYCLES. BETWEEN 2500 AND 20000 CYCLES, IT IS ADVISABLE

TO OPERATE TOWARD THE UPPER VOLTAGE BOUNDARY OF THE CURVE FOR BEST
RESULTS.

FOR A 3.0 MILLIAMPERE CHARGING CURRENT AND A MAXIMUM RANGE OF 0 TO
200 CYCLES, IT IS ADVISABLE TO OPERATE WITH A 300-VOLT SWEEP VOLTAGE.

APPROX. CHARG !NG~CONDENSER VALUES (uf) VS, SAWTOOTH-PULSE FREQUENCIES (f)
FOR SWEEP VOLTAGE OF 300 VOLTS AND INDICATED CONDENSER-CHARGING CURRENTS

flcycles) I= 0.5 Ma, 1=1.0 Ma, 1=1.5 Ma. I = 2.0 Ma,
100 0.015 0.033 0.05 0.065
500 0.003 0.0065 0.01 0.013-
1000 0.0015 0.0033 0.005 0.0065
5000 0.0003 0.0006 0.001 0.0013.
10000 Variable Variabte 0.0003 0.0004

DENSER. 1T IS

NECESSARY, THEREFORE,

FOR HIGHER FREQUENCIES, A VARIABLE CONDENSER IS RECOMMENDED SO THAT IND1VIDUAL
ADJUSTMENT CAN BE MADE TO MEET REQUIREMENTS. AT HIGH FREQUENCIES,
ED CAPACITY OF THE CIRCUIT SHUNTS AN APPRECIABLE CAPACITY ACROSS THE CHARGING CON-

TO KEEP DISTRIBUTED CAPACITY TO A MINIMUM.
PRACTICAL MINIMUM VALUES OF DISTRIBUTED CAPACITY ARE BETWEEN 100 AND 200 puf.

THE DISTRIBUT=
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DESIGN CONSIDERATIONS
FOR SWEEP -CIRCUIT OSCILLATORS

NOTE 1: C VALUES ARE TOTAL FOR CIRCUIT,

NOTE 2: C SHOULD BE MADE AS SMALL AS PRACTICAL CONSISTENT
WiTH FREEDOM FROM TIMING YARIATIONS,

NOTE 3: THESE CALCULATED CURVES NEGLECT THE EFFECT ON SWEEP
FREQUENCY OF THE RETURN INTERVAL., THIS EFFECT IS
IMPORTANT ONLY AT VERY HIGH FREQUENCIES WHERE A C/1
RATI0 SOMEWHAT LOWER THAN SHOWN WILL APPLY.

x 1073
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CHARGING MILLIAMPERES

1 1

1 aa8i i if

T
1t
1
1

oab

10000
SAWTOOTH PULSES PER SECOND(¥)

FIGURE 9

2

World Radio Histo



.

FIGURE 10

25-

World Radio Histo

AVERAGE CONTROL CHARACTERISTICS
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RCA-903

CATHODE-RAY TUBE
High-Vacuum Electromagnetic Type

The 903 is a high-vacuum, cathode-ray tube with a fluorescent
viewing screen nine inches in diameter. This tube, designed for
oscillographic applications, provides for electromagnetic def lection
of the electron beam. An accelerating electrode (grid No.2) gives
additional control of the beam. The 903 produces a brilliant, lumi-
nous spot having a greenish hue, and is suitable for the observation
and photography of recurrent and transient phenomena.

CHARACTERISTICS
HEATER VOLTAGE.(A.C. or D.C.) 2.5 Voits
HEATER CURRENT 2.1 Amperes
FLUORESCENT SCREEN MATERIAL Phosphor No.t
DIRECT INTERELECTRODE CAPACITANCE:

Control Electrode to All Other Electrodes 12 mox. upf
OVERALL LENGTH 20-3/8" % 3/8"
MAXIMUM DIAMETER 9-1/8"

BULB J=72
CAP Medium Metai
BASE (Refer to page 28} Medium 6-Pin

MAX IMUM RATINGS and TYPICAL OPERATING CONDITIONS

HIGH-VOLTAGE ELECTRODE (Anode No.2) VOLTAGE 7000 max., vVolits

FOCUSING-ELECTRODE ( Anode No.l) VOLTAGE 2000 max. volts
ACCELERAT ING ELECTRODE (Grid No.2) VOLTAGE 250 max. voits
CONTROL ELECTRODE (Grid No.!) VOLTAGE Never Positive
NO.! GRID VOLTAGE FOR CURRENT CUT-OFF * -120 approx. Volts
FLUORESCENT-SCREEN INPUT POWER PER SQ CM 10 max., Milliwatts
TYPICAL OPERATION:
Heater Volitage 2.5 2815, 2.5 2515, Volts
NO.2 Anode Voltage 1000 3000 4600 7000 volits
No.! Anode Voltage 195 580 900 1360 approx. Volits
No.2 Grid Voltage 100 250 250 250 volts
No.! Grid Volitage Ad justed to Give a Suitable Luminous Spot

* with 250 volts (approx.) on Grid No.2,
INSTALLATION

The base pins of the 903 fit a standard, O0.75~inch pin-circle
diameter, six-contact socket, which may be mounted to hold the tube
in any position. The socket should be made of good insulating
material; a typeof socket having insulating baffles between contacts
provides an additionai factor of safety. Base connections and es~
sential dimensions of the 903 are given on page 28. Connection to
anode No.2 is made to the cap on the bulb cone.

For bulb shielding, heater operation, and d-c voltage supply,
refer to CATHODE-RAY TUBE INSTALLATION on pages 5 and 6 .
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The cathode should be connected directly to one side or to the
mid-tap of the heater winding. Grid and anode returns should be
made to the cathode. '

The fluorescent screen empioyed in the 903 is of the No.l phos-—
phor (medium persistence) type. For the characteristics of this
screen, refer to page 4.

Four electromagnetic coils wused in pairs for deflecting the
electron beam are placed at the constriction of the bulb neck. The
coils of each pair, located diametrically opposite each other, shouid
produce a field of uniform flux density for the deflection of the
beam, The axes of the two fields ordinarily intersect at right angles
in the axis of the electron beam and should be perpendicular to it.

The design of the magnetic coils will depend on the require—
ments of the appiication. The curve on page 29 shows the deflection
sensitivity in millimeters defiection per ampere turn versus No,2

anode voltage, for a typical iron-core magnet design.

THE HIGH VOLTAGES AT WHICH THE 903 |S OPERATED ARE VERY DANGER-
OUS. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS TO PRE-
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES
It is recommended that the protective measures given on page 7 be
employed in the design and appiication of cathode-ray tube equipment.

APPLICAT ION
The diagram on page 29 illustrates the essential circuit for
the use of the 903 in an oscillograph. One magnetic field is con-

trolled by the current under observation, amplified if necessary;
the other field is controiled by an alternating current which gives
the desired timing action. A typical method of obtaining an amgli-
fied current for electromagnetic deflection is discussed on page 108,

A beam producing a high-intensity spot will burn the fluor-
escent screen if the spot is allowed to remain stationary. To avoid
this possibility, it is recommended that the beam be kept in motion
by the application of current to one pair of defiecting magnets or
that the brilliancy be reduced to a low value by adjustment of the
control-grid voltage,

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 under CATHODE-RAY TUBE APPLI-
CATION, Other details on the application of the 903 are also in-
cluded in that section.

A photographic record of many types of phenomena can be made if
desired. A discussionof the photography of cathode~ray tube patterns
is given in the text starting on page B86.
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AVERAGE CHARACTERISTICS
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903
AVERAGE CHARACTERISTICS

AR OO T PR T R L +
2 T ; I w
N THHET . ] - == ns T
= 05 EEESE RERAE ) v t
A ! 1 1 5. s
1T i _
O 1 oy ! =3
2 140 I
rJJVWNF ] n
o] 4+
4 QW HHo
HZ <> s HEEHN
T 9 Hwng ¥ g "9
TR H X' 8
3 T do H =
~ 1 Os- sl
8 LA RZ
£ 9 .ﬂ ol H @
R R 1 5
b e PES S ” =
UW_U._.MMM S o
Yo HE Y S
H o # <2 HHHE ot o
fgi3 5
E© W u
EEHS \
F &
g 8
s ¥ e s i) st
T < 3@ z
N
R 2 °
W @
S
a B
o~

—50

—60

}

T

o

ol T

sl ¥

- 9

How i

aludl T
H

HE e e

S343dNVORDIN(ZS

=1

m T i m

N 30ONV)3008123713 39VLI0A-HOIH

R e

=3~

World Radio Histol



@

903,904, 905,906
AVERAGE FLUORESCENT-SCREEN CHARACTERISTICS
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RCA-904
CATHODE-RAY TUBE
High-Vacuum Electrostatic-Magnetic Type

The 904 is a high-vacuum, cathode-ray tube with a fluorescent
viewing screen five inches in diameter. This tube, designed for
oscillographic applications, provides for a combination of electro-

static and electromagnetic deflection control. Like the 903, this
type has an accelerating electrode (gridNo.2) which gives additional
control of the electron beam. The 904 produces a brilliant, luminous

spot having a greenish hue, and is suitable for the observation and
photography of recurrent and transient phenomena,

CHARACTERISTICS

HEATER VOLTAGE (A.C. or B.C.) 2.5 voits
HEATER CURRENT 2.1 Amperes
FLUORESCENT SCREEN MATER IAL Phosphor No.l
DIRECT INTERELECTRODE CAPACITANCES:
Control Eilectrode to All Other Electrodes 10 max. uuf
Deflecting Plate to Deflecting Plate ! max. upf
OVERALL LENGTH 16-1/4" + 3/8"
MAX IMUM DI AMETER 5-1/16"
BULB J=-40
CAPS (Three) Small Metal
BASE (Refer to page 39) Medium 6~Pin

MAX IMUM RATINGS and TYPICAL OPERATING COND ITIONS

HIGH-VOLTAGE ELECTRODE { Anode No.2) VOLTAGE 4600 max. Volts

FOCUSING ELECTRODE (Anode No.|) VOLTAGE 1500 max. vVoits
ACCELERATING ELECTRODE (Grid No.2) VOLTAGE 250 max. volts
CONTROL ELECTRODE (Grid No.!) VOLTAGE Never Positive
NO.1 GRID VOLTAGE FOR CURRENT CUT-OFF *' ~140 approx. Volts
PEAK VOLTAGE BETWEEN ANODE NO.2 and
ANY DEFLECTING PLATE 4000 max. Volts

FLUCRESCENT SCREEN INPUT POWER PER SQ CM 10 max. Milliwatts
TYPICAL OPERATION:

Heater voltage 285 2.5 2.5 volts

No.2 Anode Voltage 1000 3000 4600 Volts

No. ! Anode voltage (Approx,) 210 630 970 vVoits

NOo.2 Grid voltage 100 100 250 Volts

No.! Grid voltage Ad justed to Give a Suitable Luminous Spot

Deflection Sensitivity:

Electrostatic 0.33 0.!1 0.07 mMm/volt D.C.

® With 250 volts (approx.) on Grid No.2,
INSTALLATION
The base pins of the 904 fit a standard, 0.75-inch pin-circle
diameter, six-contact socket, which may be mounted to hold the tube

in any position. The socket shouid be made of good insuiating
material; a type of socket having insulating baffles between contacts
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provides an aaditional factor of safety. Base and cap connections as
well as essential dimensions of the 904 are given on page 39

For bulb shielding, heater operation, and d-c voltage suiply,
refer to CATHODE-RAY TUBE INSTALLATION un pages 5 and 6

The cathode should be connected directly to one side or to the
mid-tap of the heater winding. Grid and anode returns should be made
to the cathode.

The fluorescent screen employed in the 904 is of the No.| phos-
phor (medium persistencel) type. For the characteristics of this
screen, refer to page 4.

Two electrostalic plates, located within the tube neck, provide
one means for deflecting the electron beam; the deflection is paral-
jel to the axis of the electrostatic field. In orcger to maintain
the piates at essentially the d-c potential of anode Mu.2, each de-
flecting plate should be connected through a resistor of one to ten
megohins to anode No.2 fordinarily grounded), The deflection sensi-~
tivity of the deflecting plates for several No.2 anode voltages is
given in the tabulated data.

Two electromagnetic coils provide a second means for deflecting
the beam; the deflection is at right angles to the axis of the mag—
netic fieid. The coils are placed opposite each other, as close to
the bulb nech as practical, and are concentric with a diameter of
the bulb neck. This arrangement locates the axis of the magnetic
field so that it intersects the axis of the electron beam perpen-
dicularly. The electromagnetic field is usually placed su that its
axis coincides with that of tne electrostatic field, in order that
the deflection producea by one tield will be at right angles to that
produced by the other.

The design of the magnetic coils will depend on the application
The curve on page 40 shows the deflection sensitivity of an air-core
coil system for various values of No.2 anode voltage.

THE HIGH VOLTAGES AT WHICH THE 9C4 1S OPERATEC ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN IN THE CESIGN OF APPARATUS TO FRE-
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES.
't is recommended that the protective measures given cn page 7 be
employed in the design and application of cathode-ray tube equipment

APPLICATION

The diagram on page 40 illustrates the essential circuit for
the use of the 904 in an oscillograph. By means of potentiometers
in the bleeder circuit, the voltages for anode No.l, grid No.i, and
grid No.? can be adjusted to meet operating requirements. Either
the electromagnetic or the electrustatic deflecting system may be
used for the voltage under observation, The other may then be used
for the time sweep. A typical method of obtaining an amplified cur—
rent for electromagnetic deflection i1s discussed on page 108.

=37~



RCA CAtHODE-RAY Tuses

A beam producing a high-intensity spot will burn the fluores—
cent screen if the spot is allowed to remain stationary. To avoid
this possibility, it is recommended that the beam be kept in motion
by the application of voltage or current to the deflecting system or
that the brilliancy be reduced to a low value by ad justment of the
control-grid voltage.

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 under CATHODE-RAY TUBE APPLI-
CATION. Other details on the application of the 904 are also in-
cluded in that section.

A photographic record of many types of ghenomena can oce made if
desired. A discussion of the photography of cathode-ray tube patterns
is given in the text starting on page 86.

FLUORESCENT-SCREEN CHARACTERISTICS

THE FLUORESCENT-SCREEN MATERIAL USED FOR THE 904 IS THE SAME
AS THAT FOR TYPES 903, 905, AND 906. FLUORESCENT-SCREEN CHARAC-
TERISTICS APPLYING TO EACH OF THESE TYPES ARE SHOWN ON PAGES
32, 33, 34, and 35,
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904
TYPICAL OSCILLOGRAPH CIRCUIT

ANODE Ne2

®

>
R TYPE 904
g ANODE Ne|
2

g Rz

>k

>

20

ge

33

e B| vOLTAGE

Te INPUT TO

o | YU ML YL T DEFLECTING
PLATES
5

©

C=FILTER CONDENSER-0.5 TO 2.0 pif
Rj+Ro+R3+R4=BLEEDER POTENTIOMETER
R=2.0 MEGOHMS  R3=0.55 MEGOHM
R2=0,5 MEGOHM Ra=0.2 MEGOHM HEATER
R5=l TO 10 MEGOHMS SUPPLY
V=VOLTMETER

AB=AXIS OF MAGNET COILS

P P2=TERMINALS FOR INPUT TO MAGNET COILS

DEFLECTION SENSITIVITY OF
AN AIR-CORE MAGNETIC SYSTEM

o

-
ELECTROMAGNETIC DEFLECTING FIELD? —
TWO AIR-CORE COILS -15000 TURNS EACH

7Mm ¥
27MM, / 12MM

¥ 2
swomv | )
f .

+
1 —27MM
=—55MM

COILS PLACED SO THAT BEAM IS

PERPENDICULAR TO LONG AXIS OF
COIL FACE -

o

~

o
[+
- e

4+

MILLIMETERS DEFLECTION PER AMPERE TURN
/

0 4000 0
HIGH-VOLTAGE ELECTRODE (ANODE N2 2)VoLTS

-40-




AVERAGE CHARACTERISTICS
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904
AVERAGE CHARACTERISTICS
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RCA-905

CATHODE-RAY TUBE
High-Vacuum Electrostatic Type

The 905 is a high-vacuum, cathode-ray tube with a fiuorescent
viewing screen five inches in diameter. This tube, designed for
oscillographic applications, is provided with two sets of electro-
static plates for deflection of the electron beam. The 905 produces
a brilliant, J{uminous spot having a greenish hue, and is suitable
for the observation and photography of recurrent and transient phe-
nomena.

CHARACTERISTICS

HEATER VOLTAGE (A,C, or D.C.) 285, Volts
HEATER CURRENT 2.1 Amperes
FLUORESCENT SCREEN MATERIAL Phosphor No. |
DIRECT INTERELECTRODE CAPACITANCES:
Control Electrode to All Other Electrodes 10 max. uuf
Deflecting Plate D, to Deflecting Piate Dy 3 max. uuf
Deflecting Plate Dz to Defiecting Plate D, 1.5 max. uuf
OVERALL LENGTH 16-1/2" t 3/8"
MAX IMUM DI AMETER 5=-5/16"
BULB J=-42
CAPS (Four) Smal| Metal
BASE (Refer to page46) Medium 5-Pin Ceramic

MAX IMUM RATINGS and TYPICAL OPERATING COND ITIONS

RIGH-VOLTAGE ELECTRODE (Anode No.2) VOLTAGE 2000 max. Volts

FOCUSING ELECTRODE (Anode No.I) VOLTAGE 600 max. Voits
CONTROL ELECTRODE (Grid) VOLTAGE Never Positive
GR1D VOLTAGE FOR CURRENT CUT-OFF* -60 approx. Volits
PEAK VOLTAGE BETWEEN ANODE NO.2 and
ANY DEFLECTING PLATE 1000 max. Volts
FLUORESCENT SCREEN INPUT POWER PER SQ CM |10 max. Milliwatts
TYPICAL OPERATION:
Heater Voltage 2.5 2.5 Voits
No.2 Anode Voltage 1000 2000 Volts
No. | Anode Voitage (Approx.) 225 450 Yoits
Grid Voltage Ad justed to Give a Suitabie Luminous Spot
Defiection Sensitivity:
Plates D, and D, 0.38 0.19 Mm/Voit D.C,
Piates D3 and D, 0.46 0.23 Mm/Volt D.C.

sWith approximately 600 volts (to focus) on Anode No.l.

INSTALLAT |ON

The base pins of the 905 fit a standard, five-contact socket,
which may be mounted to hoid the tube in any position. The socket
should be made of good insulating material; a type of socket having
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insulating baffies between contacts provides an additional factor of
safety. Base and cap connections as well as essential dimensions of
the 905 are given on page 46. The base of the 905 is made of a ce-
ramic -material.

For bulb shielding, heater operation, and d-c voltage supply,
refer to CATHODE-RAY TUBE INSTALLATION on pages 5 and 6 .

The cathode is connected within the tube to one side of the
neater. Grid and anode returns should be made to this common termi-
nal, which is base pin No.5.

The fluorescent screen employed in the 905 is of the No.l phos-
phor (medium persistence) tyge. For the characteristics of this
screen, refer to page 4,

Two sets of electrostatic plates, producing fields at right
angles, are located within the bulb neck to provide for deflection
of the electron beam, The electrostatic field of each pair of de-
flecting plates deflects the beam paralle} to the axis of the field;
therefore, the deflections produced by the two fields are at right
angles. In order to maintain each set of plates at essentially the
d-c potential of anode No.2, each piate of each set should be con-
nectea through a resistor of one to ten megohms to anode No.2, which
is ordinarily grounded. The deflection sensitivity of each set of
plates for typical operating No.2 anuge voltayes is given in the
tabulated data.

THE HIGH VOLTAGES AT WHICH THE 905 1S OPERATED ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS TO PRE-
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES.
it is recommended that the protective measures given on page 7 be
employed in the design and application of cathode-ray tube equipment

APPLICATION

The diagram on page 45 ililustrates the essential circuit for
the use of the 905 in an oscillograph. One set of electrostatic
deflecting plates is used for the phenomena under observation; the
other set may then be used for the time sweep. The voltages for
anode No.| and grid No.| can be adjusteo to meet operating require-—
ments by means of potentiometers in the bleeaer circuit,

A beam producing a high-intensity spotwill burn the fluorescent
screen if the spot is allowed to remain stationary. To avoid this
possibility, it is recommended that the beam be kept in motion by
the application of voitage to the deflecting plates or that the
brilliancy be reduced to a low value by adjustment of the contrul-
grid voltage.

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 wunder CATHODE-RAY TUBE APPLI-
CAT ION. Other details on the application of the 9C5 are also in-
cluded in that section,
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A photographic record of many types of phenomena can be made if
desired. A discussion of the photography of cathode-ray tube patterns
is given in the text starting on page 86.

FLUORESCENT-SCREEN CHARACTERISTICS

THE FLUORESCENT-SCREEN MATERIAL USED FOR THE 905 1S THE SAME
AS THAT FOR TYPES 903, 904, AND 906, FLUORESCENT-SCREEN CHARAC-
TERISTICS APPLYING TO EACH OF THESE TYPES ARE SHOWN ON PAGES
32, 33, 34, AND 35.

TYPICAL OSCILLOGRAPH CIRCUIT

ANODE Ne?2
1
TYPE 905
R VOLTAGE
@) INPUT 10
SE 3 DEFLECTING
g . PLATES Dy D,
=
>0 D
o ! 02
[+%
3§ 0y -V
v
aw C = 7
(4 E Rq
4 VOLTAGE
---- INPUT TO
=~ DEFLECTING
RyS PLATES D304
G $
C=FILTER CONDENSER ~0.5 TO 2.0M¢
R 4R HRy=BLEEDER POTENTIOMETER L EATER
RIZO5MEGOHM  R3=002 MEGOHM  SUPPLY !
Rp20.2 MEGOMM  Rg=l TO 10 MEGOHMS
VZ VOLTMETER




905
OUTLINE DRAWING

5% MAX,
REFERENCE LINE DETERMINED BY
RING GAUGE OF 4 5'1.D.

J4a2 suLB———

SMALL METAL CAPS

ALL ,346% .369D.- _L
A

o

A

I i MAX—] .«

SECTION THROUGH AA’

SECTION THROUGH AA_
TOP DEFLECTING
PLATE Dy !

MEDIUM 5-PIN
CERAMIC BASE

DEFLECTING

PLATES
D3 & Dg

TOP DEFLECTING ‘ i
PLATE D 1,377
> Max, ™

ALL PINS=,125%,003" DIA.

PIN Ne2{ - HEATER
PIN N22-ANODE Ne| -

PIN N24-GRID
FIN N23-ANODE Ne2

PIN N2 5-HEATER
& CATHODE

B8OTTOM VIEW OF BASE
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905
AVERAGE CHARACTERISTICS
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RCA-906

CATHODE-RAY TUBE
High-Vacuum Electrostatic Type

The 906 is a high-vacuum,
viewing screen three inches
oscillographic applications,

in diameter,

a brilliant, luminous spot

cathode-ray tube

is provided with
static plates for deflection of the electron beam,
having a greenish hue,
for the observation and photography of recurrent and transient

with a fluorescent
This tube, designed for
two sets of electro—
The 906 produces
and is suitable
phe~

nomena. Due to its small size, the 906 is especially suited for com—

pact, portable oscillographic equipment,
CHARACTERISTICS

HEATER VOLTAGE

HEATER CURRENT

FLUCRESCENT SCREEN MATERIAL

DIRECT INTERELECTRODE CAPACITANCES:
Control Electrode to All Other Efectrodes
Deflecting Plate C; toDefliecting Plate Dy
Deflecting Plate D3 tp Deflecting Plate D,

OVERALL LENGTH

MAXIMUM DI AMETER

BULB

BASE (Refer to page 51)

{(A.C. or D.C.)

2095 Volits
2.1 Amperes
Phosphor No. |
10 max. uuf
4 max. puf
3 max. puf
11=1/72" t z/sg"
3-1/716"
J-24

Medium 7-Pin

MAX IMUM RATINGS and TYPICAL OPERATING COND ITIONS

HIGH=VOLTAGE EL.ECTRODE (Anode No.2) VOLTAGE
FOCUS ING ELECTRODE (Anode No.!) VOLTAGE
CONTROL ELECTRODE (Grid) VOLTAGE
GRID VOLTAGE FOR CURRENT CUT-OFF *
PEAK VOLTAGE BETWEEN ANODE NO.2 and

ANY DEFLECTING PLATE
FLUORESCENT SCREEN INPUT POWER PER SQ CM
TYPICAL OPERATION:

Heater Voltage 2.5 2055 2425,
No.2 Anode Voltage 600 800 1000
No.1 Anode Voitage*™ 170 230 285

Grid Voltage

Deflection Sensitivity:
Plates D| and Dy 0.55%
Plates D3 and D, 0.58

0.41
0.44

0.33
0.35

1200 max. Vcits
400 max. Volts
Never Positive
-60 approx. Volts

600 max. Voits
10 max. Miliiwatts
285 Volits
1200 Volts
345 Volts

Ad justed to Give a Suitabie Luminous Spot

c.27
0.29

Mm/vVoit D.C.
Mm/Volt 0.C.

* With approximately 400 volts (to focus) on Anode No.l.

*% Approximate.

INSTALLATION

The base pins of the 906 fit a standard,

diameter, seven-contact socket, which may

~48-

0.855-inch pin—circle
be mounted to hold the
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tube in any position. The socket should be made of good insuiating
material; a type of socket having insulating baffles between con-
tacts provides an additional factor of safety. Base connections and
essential dimensions of the 906 are given on page 5I.

For bulb shielding, heater operation, and d-c voltage suptly
refer to CATHODE-RAY TUBE INSTALLATION on pages 5 and 6.

The cathode is connected within the tube to one side of the
heater. Grid and anode returns should be made to this common termi-
nal, which is base pin No.7.

The fluorescent screen employed in the 906 is of the No.| phos=
phor {medium persistence) type. For the characteristics of this
screen, refer to page 4,

Two sets of electrostatic plaltes, producing fields at rignt
angles, are located within the bulb neck to provide for deflection
of the electron beam, The electrostatic field of each pair of de-
fiecting plates deflects tnhe beam parailel to the axis of the fieid;
tnerefore, the deflections produced by the two fields are at right
anglies. One uefiecting plate of one set is connected within the tube
to one plate of the other set and to anode No.2, as shown in the
drawing on page 0. In order to maintain the free plate of each set
2t essentially the a-c potential of anode No.2, each of these piates
should be connected through a resistor of one to ten megohms to the
No.2 anode socket terminal (ordinarily grounded). The deflection
sensitivity for each set of plates for typical No.2 anode voltages
is given in the tabulated data,

THE HIGH VOLTAGES AT WHICH THLE 906 1S OPERATED ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN (N THE DESIGN OF APPARATUS TO PRE-
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES,
It is recommended that the protective measures given on page 7 be
employed in the design and application of cathode-ray tube equipment

APPLICATION

The diagram on page 50 illustrates the essential circuit for
che use of the GO06 in an oscillograph. One set of electrostatic
def lecting plates is used for the phenomena under observation; the
other set may then be used for the time sweep. The voitages for
anode No.l and grid No.l can be adjusted to meet operating require-
ments by means of potentiometers in the bleeder circuit.

A beam producing a high-intensity spot will burn the fluores-
cent screen if the spot is allowed to remain stationary. To avoid
this possibility, it is recommended that the beam be kept in motion
by the application of voltage to the deflecting system or that the
brilliancy be reduced to a low value by adjustment of the control-
grid voltage.

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 wunder CATHODE-RAY TUBE APPLI-

-49-
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CATICN., Other details on the application of the S06 are also in-
cluded in ‘that section.

A photographic record of many types of phenomena can be made if

desired. A discussionof the photography of cathode-ray tube patterns
is given in the text starting on page 86.

FLUCRESCENT-SCREEN CHARACTERISTICS

THE FLUORESCENT~SCREEN MATERIAL USED FOR THE 906 IS THE SAME
AS THAT FOR TYPES 903, 904, AND 905. FLUORESCENT~SCREEN CHARAC-
TERISTICS APPLYING TO EACH OF THESE TYPES ARE SHOWN ON PAGES
32, 33, 34, AND 35.

TYPICAL OSCILLOGRAPH CIRCUIT

ANODE Ne?
!
TYPE 906
<
Rap | voLtaGE
w ] INPUT TO
& 9 DEFLECTING
o PLATES Dy D,
>0 0
"] ' 0,
§¢
m§ 03— 0q
v
3 - 1
[¢ o VOLTAGE
==ES INPUT 1O
DEFLECTING
\ Ry PLATES Dy Og
C
C=FILTER CONDENSER-0.5 1O 2.0Mf é

Ri+Ro+R3= BLEEDER POTENTIOMETER . a1ER
RIZ05MEGOHM  Ry=0.02 MEGOHM  SUPPLY
R2=0.2 MEGOHM  Rg:! TO 10 MEGOHMS

V= VOLTMETER

NOTE (1 TYPE 906 HAS NO BULB TERMINALS, ALL LEADS
ENTER THROUGH BASE

NOTE 2. PLATES D2 AND Dg ARE CONNECTED WITHIN
THE TUBE TO ANODE N22




906

OUTLINE DRAWING

J-24 BuLB

] 0% t 2
THE 906 15 BASED SO THAT THE PLAKRE THROLGH 0 ;_l
THE TUBE AXIS AND PI% Ng.6 DOES  AOT “ ‘2t g

DEVIATE VORE THAN 100 FhOw TWE PLANE N1D- — Fe— 1 jg MAX.
®AY BETWEEN D, 4D D, (TOP SET OF OEFLECT-
ING PLATES), DEFLECTING PLATE D, 1S LACAT-
ED Oh THE SAWE SIDE OF THE TLBE AS ThE
HEATER PINS No.1 AND ho.7. D, TIEC f
WITHIN TUBE TO D, WHICK IS ON SAME SIDE CF

TUBE AS PIt ho.6. Dy AND D, (BOTTOV SET
OF DEFLECTING PLATES) ARE POSITIONEL SO
THAT THE PLANE CF  THE DEFLECTION PRODUCFD
BY THEM IS AT RIGHT AMGLES TO THE PLANE OF
THE DEFLECTICN PKODUCED BY D, AND D,.

ek

MEDIUM 7-PIN BASE -~ “—1

PIN Ne| -HEATER

PIN N22-GRID

PIN N2 3-DEFLECTING PLATE D3
PIN N24-ANODE Net

PIN N25~DEFLECTING PLATE DI

PIN N26- ANODE Ne22. DEFLECTING
PLATES D2 & Da

PIN N27 -~ HEATER & CATHOCE

o626
PINS 2,3,4,586 = .125" £ .003" DIA.
PINS 187 =.56"1.003“DIA.

BOTTOM VIEW OF BASE
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RCA-907

CATHODE-RAY TUBE
High-Vacuum Electrostatic Type with Short-Persistence Screen

The 907 is a high-vacuum, cathode-ray tube with a fluorescent
viewing screen five inches in diameter. This tube, designed for
oscillographic applications, is provided with two sets of electro-
static plates for deflection of the electron beam. The S07 produces
a highly actinic spot having a bluish hue. The extremely short per-
sistence of the image is due to the special screen material used in
the 907, and makes this tube especially suited for applications where
moving-film recording or observation by means of asystem of rotating
mirrors is desired.

CHARACTERISTICS

HEATER VOLTAGE (A.C. or D.C.) 2.5 Volts
HEATER CURRENT 2.1 Amperes
FLUORESCENT SCREEN MATERI1AL Phosphor No.5
DIRECT INTERELECTRODE CAPACITANCES:
Control Electrode to All Other Electrodes 10,0 max. upf
Def lecting Plate D, toDeflecting Plate Dy 3.0 max. umf
Deflecting Plate Dy tp Deflecting Plate D, 1.5 max. upf
CVERALL LENGTH 16—1/2" £ 378"
MAX tMUM D1 AMETER 5-5/16"
3ULB J=-42
CAPS (Four) Small Metal
BASE (Refer to page 56) Medium 5-Pin Ceramic

MAX IMUM RATINGS and TYPICAL OPERATING CONDITiONS
HIGH-VOLTAGE ELECTRODE (Anode No.2) VOLTAGE 2000 max. Volts

FOCUS ING ELECTRODE (Anode No.!) VOLTAGE 600 max. Volts
CONTROL ELECTRODE (Grid) VOLTAGE Never Positive
GRID VOLTAGE FOR CURRENT CUT-OFF * ~60 approx. Volts
PEAK VOLTAGE BETWEEN ANODE NO.2 and
ANY DEFLECTING PLATE 1000 max. Volits
FLUORESCENT SCREEN INPUT POWER FER SQ CM 10 max. Milliwatts
TYPICAL OPERAT ION:
Heater Voitage 255 285 Volts
No.2 Anode Voltage 1000 2000 Volts
No.! Anode Voltage (Approx.) 225 450 Volits
Grid Voltage Ad justed to Give a Suitable Luminous Spot
Deflection Sensitivity:
Plates D and D, 0.38 0.19 Mm/Voit D.C.
Ptates Dz and Dy 0.46 0.23 Mm/Volit D.C.

# With approximately 600 volts {to focus) on Anode No.1.

INSTALLAT i ON

The base pins of the 907 fit a standard, five-contact socket,
which may be mounted to hold the tube in any position, The socket

[ 3. T
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should be made of good insulating material; a type of socket having

insutating baffles between contacts provides an additional factor ot

safety. Base and cap connections as well as essential dimensions of

the 907 are given on page 56. The base of the 907 is made of a ce-
ramic material.

For bulb shielding, heater operation, and d-c voltage supply,
refer to CATHODE-RAY TUBE INSTALLATION on pages 5 and 6 .

The cathode s connected within the tube to one side of the
heater. Grid ana anode returns should be made to this common termi-
nal, which is base pin No.5.

The fluorescent screen employed in the 907 is of the No.5 phos-
phor {short persistence) type. For the characteristics of this
screen, refer to page 4,

Two sets of electrostatic plates, producing fields at right
angles, are located within the apex of the buib Cone to provide for
deflection of the electron beam, The electrostatic field of each
pair of deflecting plates deflects the beam paraliel to the axis of
the field; therefore, the deflections produced by the two fields are
at right angles. In order to maintain each set of plates at es~
sentially the d-c potential of anode No.2, each plate of each set
should be connected through a resistor of one to ten megohms to
anode No.2, which is ordinarily grounded. The deflection sensitivity
of each set of piates for typical operating No.2 anode voltages is
given in the tabulated data.

THE HIGH VOLTAGES AT WHICH THE S07 1S OPERATED ARE VERY DANGER-
OUS. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS TO PRE-
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES.
It is recommended that the protective measures given on page 7 be
employed in the design and application of cathode-ray tube equipment

APPLICATION

The diagram on page 55 illustrates the essential circuit for
the use of the 907 in an oscillograph. One set of electrostatic de-
flecting plates is used for the phenomena under observation; the
other set may then be used for the time sweep. The voltages for
anode No.| and grid No.l can be adjusted to meet operating require-
ments by means of potentiometers in the bieeder circuit.

Because of the very short time of phosphorescence of its screen
{tess than 30 microseconds), the 907 is recommended especially for
applications where it is desirable to employ a recording film mov ing
at a constant speed across the front of the viewing screen or a sys-
tem of mirrors rotating at a uniform velocity. With either of these
methods of timing, the 907 will give a clear, sharp tracing.

A beam producing a high~intensity spot will burn the fluores-
cent screen if the spot is allawed to remain stationary. To avoid
this possibility, it is recommended that the beam be kept in motion

~H4-
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by the appiication of voltage to the deflecting plates or that the
brilliancy be reduced to a low vailue by adjustment of the controi-
grid voltage.

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 under CATHODE-RAY TUBE APPLI-
CAT1ON. Other details on the application of the 907 are also in-
cluded in that section.

A photographic record of many types of phenomena can be made if
desired. A discussion of the photography of cathode-ray tube patterns
is given in the text starting on page 86.

TYPICAL OSCILLOGRAPH CIRCUIT

. ANODE Neo2
TYPE 907
R VOLTAGE
w INPUT 1O
L DEFLECTING
o PLATES Dy D,
> G D Rd
&u ! v Dz
a a
85 05— g [
v N
s ( P [ ?
C . Rgq
¢ VCLTAGE
So—- INPUT TO
l ' DEFLECTING
l U Rg PLATES D3 Qg
= ]

C=FILTER CONDENSER-0.5 .10 2.0Uf
Ri4R24R3= BLEEDER POTENTIOMETER  FATER
R(Z05MEGOHM  R3=0.02 MEGOHM  SUPPLY
R3=0.2 MEGOHM  Rzzl TO 10 MEGOHMS

V' VOLTMETER

LTS



REFERENCE LINE DETERMINED BY
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|
10 34"
MIN.

|

| J42 BULB-

| SMALL METAL CAPS

ALL .346™.369'D.-

907

OUTLINE DRAWING

7"
I g MAX;——»

ECTION THROUGH AA’

TOP DEFLECTING
PLATE D)

500
DEFLECTING TOP DEFLECTING '4
PLATES PLATE Dz
D3 & D4

PIN N2 -HEATER

PIN Ne2-~ANODE NeI -

PIN N23-ANODE Ng

L‘— 5'El MAX, ———3

16

T

/

MEDIUM 5-PIN
CERAMIC BASE

S—

3 I57,§”t%”

16 Yot 3

1377

MAX,

-

ALL PINS=.125%,003" DIA,
24
10° MAX.

CI:-

=7

'Ls
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AVERAGE CHARACTERISTICS
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TYPES: 907,908

AVERAGE FLUORESCENT-SCREEN CHARACTERISTICS
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TYPES 907,908

AVERAGE FLUORESCENT SCREEN CHARACTERISTICS
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TYPES: 907, 908

SPECTRAL ENERGY CHARACTER ISTICS
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RCA-908
CATHODE-RAY TUBE

High-Vacuum Electrostatic Type with Short-Persistence Screen

The 608 is a high-vacuum,
viewing screen three inches in diameter.
oscillographic applications,

a highly actinic spot having a bluish hue.
sistence of the image
the 08, and makes

where moving-film recording
rotating mirrors is desired.

this tube especially

CHARACTERISTICS

cathode~ray tube
This tube,
is provided with
static plates for deflection of the electron beam.
The extremely short gper-
is due to the special screen naterial used ir
suited for
or observation by means

with a fluorescent
des igned for
two sets of electro-
The 90F produces

applications
of a system of

HEATER VOLTAGE (A.C., or D.C.) 255! Volts
HEATER CURRENT 2.1 Amperes
FLUCRESCENT SCREEN MATERIAL Phosphor No.5
DIRECT INTERELECTRODE CAPACITANCES:
Controt Electrode to All Other Electrodes 10 max. puf
Def lecting Plate D to Def lecting Plate Cy 4 max. puf
Ceflecting Plate D! tp Deflecting Plate D, 2 max. upf
CVERALL LENGTH ti—1s2m £ 3/8n
MAX IMUN DI1AMETER 3-1/16"
BULB J-24
3ASE (Refer to page 64) vedium 7-Pin

MAX IMUM RATINGS and TYPICAL OPERATING COND ITIONS

HIGH-VOLTAGE ELECTROCE (Anode No.2) VCLTAGE
FOCUS ING ELECTRODE (Anode No.!) VOLTAGE
CONTROL ELECTRODE (Grid) VOLTAGE

GRID VOLTAGE FOR CURRENT CUT-OFF *

PEAK VOLTAGE BETWEEN ANODE NO.2 and

1200 max.
400 max.
Never Positive
-60 approx. Volts

Volits
Volits

ANY DEFLECT ING PLATE 600 max. Volts
FLUORESCENT SCREEN INPUT POWER PER SQ CM 10 max. Milliwatts
TYPICAL OPERATION:

Heater Voltage 20) 203 215, 2145 Volts
No.2 Anode Voltage 600 800 1 000 12C0 Volits
No.! Anode Voltage*®* 170 230 285 345 Voits

Grid Voltage

Deflection Sensitivity:
Plates D; and C, 0.55
Plates Dy and O, 0.58

0.
o}

0.41
0.44

0.33
0.35

# With approximately 400 volts {to focus) on Anode N
** Approximate,

INSTALLAT ION

The base gpins of the Q08 fit a standard,

-61-

Adjusted to Give a Suitable Luminous Spot

27 Mm/Volt D.7.
29 Mm/Volt 2.7,
0.1,

0.8%5~inch pin-circle
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diameter, seven-contact socket, which may be mounted to hold the
tube in any position. The socket should be made of good insulating
material; a type of socket having insulating baffies between con-
tacts provides an additional factor of safety. Base connectioms and
essential dimensions of the 908 are given on page 64,

For bulb shielding, heater operation, and d-c voltage supply,
refer to CATHODE-RAY TUBE INSTALLATION on pages 5 and 6.

The cathode is connected within the tube to one side of the
heater. Grid and anode returns should be made to this common termi-
nal, which is base pin No.7.

The fluorescent screen employed in the 908 is of the No.5 phos-
phor (short persistence) type. For the characteristics of this
screen, refer to page 4,

Two sets of electrostatic plates, producing fields at right
angles, are located within the bulb neck to provide for defliection
of e electron beam. The electrostatic field of each pair of de-
flecting plates deflects the beam parallel to the axis of the fieid;
trarefore, the deflections produced by the two fieids are at right
anglies, One deflecting plate of one set is connected within the tube
to one plate of the other set and to anode No.2, as shown in the
drawing on page 63. In order to maintain the free plate of each set
at essentially the d-c potential of anode No.2, each of these plates
should be connected through a resistor of one to ten megohms to the
No.2 anode socket terminal {lordinarily grounded). The deflection
sensitivity of each set of plates for typical No.2 anode voltages is
given in the tabulated data.

THE HIGH VOLTAGES AT WHICH THE 908 {S OPERATED ARE VERY DANGER-
ous. GREAT CARE SHOULD BE TAKEN IN THE DESIGN OF APPARATUS TO PRE~
VENT THE OPERATOR FROM COMING IN CONTACT WITH THESE HIGH VOLTAGES.
tt is recommended that the protective measures given on page 7 be
empioyed in the design and application of cathode-ray tube equipment

APPLICATION

The diagram on page 63 illustrates the essential circuit for
the use of the 908 in an oscillograph. One set of electrostatic de-
flecting plates is used for the phenomena under observation; the
other set may then be used for the time sweep. The voltages for
anode No.l and grid No.} can be adjusted 10 meet operating require-
ments by means of potentiometers in the bileeder circuit.

Because of the very snort time of phosphorescence of its screen
fless than 30 microseconds), the 908 is recommended especially for
applications where it is desirabie to employ a recording film moving
at a constant speed across the front of the viewing screen or a sys-
tem of mirrors rotating at a uniform velocity. With either of these
methods of timing, the 908 will give a clear, sharp tracing.
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A beam producing a high-intensity spot will burn the fluores-
cent screen if the spot is allowed to remain stationary. To avoid
this possibility, it is recommended that the beam be kept in mot ion
by the application of voltage to the deflecting system or that the
brilliancy be reduced to a low value by adjustment of the contrci-
grid voltage.

For information on focusing of the spot and regulation of its
size and intensity, refer to page 8 under CATHODE-RAY TUBE APPLI-
CAT ION. Other details on the application of the G08 are also in—
cluded in that section.

A photographic record of many types of phenomena can be made if

desired. A discussion of the photography of cathode-ray tube patterns
is given in the text starting on page 8€.

FLUCRESCENT-SCREEN CHARACTERISTICS

THE FLUORESCENT-SCREEN MATERIAL USED FOR THE 908 IS THE SAME
AS THAT FOR THE 907, FLUORESCENT-SCREEN CHARACTERISTICS APPLY-
ING TO EACH OF THESE TYPES ARE SHOWN ON PAGES 58, 59, AND 60.

TYPICAL OSCILLOGRAPH CIRCUIT
ANODE No2

TYPE 908

VOLTAGE
INPUT TO

DEFLECTING
PLATES 0y 0,

1l

C SUPPLY VOLTS
ROM RECTIFIER

F

=

VOLTAGE
INPUT TO
DEFLECTING
PLATES 03 Og

. e

C=FILTER CONDENSER-0.5 TO 2.0u¢ (5

Ri4R24R3=BLEEDER POTENTIOMETER  FateR
R=0.5 MEGOHM R3=0.02 MEGOHM  sUPPLY
R2=0.2 MEGOHM Rg=! TO 10 MEGOHMS

V= VOLTMETER

NOTE 11 TYPE 908 HAS NO BULB TERMINALS. ALL LEADS
ENTER THROUGH BASE

NOTE 2: PLATES D2 AND Dgq ARE CONNECTED WITHIN
THE TUBE TO ANODE N2 2
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IHE 908 1S BASED SO THAT THE PLAME THROUGM
NOT 7
FhOM THE PLANE W1D- I3
waY BETWEEN D, AND D, (TOP SET 0F DEFLECT-
INu PLATES). OEFLECTING PLATE D, IS LACAT-
AS THE
P TIED {
WiTHIN TUBE FO D, WHICH (S O SAME SIOE CF
(BOTTOM SET
ARE POSITIONED SO
THE DEFLECTION PRODUCED
BY THEM 1S AT RIGHT ANGLES TO THE PLAME OF

THE TUBE AXIS AND PIN Nu.6 DOES

DEVIATE WORE Twan 10°

ED £ SIDE OF THEL TLBE

HEATER PINS No.1 AND Mo.7. t, 15

THE SANE

TUBE AS PIN No.6.
OF DEFLECTING PLATES)
ThAT THE PLANE OF

Dy AND O,

THE DEFLECTION PRODUCED BY D, AND Dj.

MEOIUM T7-PIN BASE

PIN N2 | -HEATER

PIN Ne 2-GRID

PIN N2 3-DEFLECTING PLATE D3
PIN N24-ANODE N2t

908

OUTLINE DRAWING

8"R. NOMINAL

4-

19° 55°

PINS 2,3,4,546 = 1257 £ .003" DIA.

PINS 187 =.56"4.003 " DIA.

BOTTOM VIEW OF BASE
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Voltage Supplies to Provide 1000 or 2000 Volts
for Cathode-Ray Tubes

Also Description of a Simple, Portable Oscillograph

The cathode-ray oscillograph is becoming increasingly popular
as new applications are found for it in the laboratory and in the
radio industry. This popularity is chiefly due to the simplicity of
construction, convenience of operation, portability, and low cost of
modern oscillographic equipment employing high-vacuum cathode-ray
tubes. Experience with various oscillographic applications has shown
that the equipment required for many every-day purposes can be con-
structed at lowcost, can be made portabie enough to be carried about
by hand, and is as easily constructed as the power supply for an a-c
operated receiver,

For those who prefer complete oscillographic equipment that is
carefully engineered and constructed, reliable and convenient instru-
ments are available from manufacturers. Some of these are designed
with numerous desirable features such as linear and sinusocidal sweep
circuits, beam-centering controls, sweep~iength adjustments, sweep-
frequency controis, deflection-voltage amplifiers, and synchronizing
circuits. For those who preter the experience of building their own
equipment, the oscillograph to be described is an example of a prac-
tical instrument,

tn this discussion are shown circuits and design information on
voltage suppiies to provide 1000 or 2000 volts for the operation of
cathode-ray tubes. {idustrations are given of a smail portable
oscillograph which has been found very convenient for laboratory use
and admirably suited for many industrial applications. This oscil=-
lograph, shown in Figures |5 and i6 on page 74, is constructed in a
case whose outside dimensions are |7 inches in length, 8 inches in
height, and 6 inches in width.

The circuits of the 1000-and 2000-volt power suppiies are shown
on page 71 in Figures Il and |2, respectively. The 1000-voit supply
is suitable for cathode-ray tubes such as the 906 and 908; the 2000-
volt supply can be used with other tube types.

The transformer specified is designed to supply 1000 volts in a
half-wave rectifier circuit employing one 879; it is also used for
the 2000-volt supply with two 879's in a voltage~doubling circuit.
The design specifications for this high-voltage transformer are in-
cluged in this discussion under identification number S-122 (page
68), Specifications are also given for the filament and sweep-volt-
age transformer, identified as S~124 (page 69). Both of these trans-
formers have been designed to have small physical dimensions.

If it is inconvenient to obtain a transformer such as the S-122,
any transformer capable of supplying to the rectifier a peak voltage

of 1000 volts at 5 milliamperes may be used. The desirea rectified
d-c potential is assumed to be equal to the peak voltage, provided
the charging of the condenser C, (Figures !l and 12) takes place

during asmall part of the a-c cycle, and provided the direct current
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taken from the condenser is so small that the condenser voltage is
practically constant throughout the cycle. This assumption is justi-
fied when a low value of ripple voltage is a design requirement,

The value of condenser (C;) depends upon the amount of ripple
that can be tolerated and the permissibie ripple in turn depends
upon the application of the cathode-ray tube. Too much ripple varies
the potential on the control grid of the cathode-ray tube and pro-
duces flicker, or an intermittent trace, and also some defocusing of

the beam. In addition, if the ripple is too great, hum may become
troublesome in the anode circuit and manifest itseif in distortion
of the image. in general, the ripple voltage for good filtering

should not exceed one per cent.

The curves of Figure 14 (page 73) show per cent ripple voltage
vs. effective load in megohms for various values of filter capaci-
tance (Cyl. The following example illustrates the use of these
curves, In Figure 11, the parallel resistance of the voitage divider
and the voltmeter is |.4 megohms. From Figure 14, the corresponding
capacitance for one per cent rippie voltage is read as approximateiy
0.3 microfarad, The voltage supplies of Figures 1! and 12 employ
a condenser (C;) of 2 microfarads and have 2 ripple of only 0.2 per
cent.

Figure 13 (page 72} shows the voltage regulation for the 1000~
volt and 2000-volt supplies. These curves indicate that the desired
voltages of 1050 volts for the half-wave circuit and 2050 volts for
the voltage-doubler circuit are obtained when the load current is
ad justed to !.25 milliampere and |.6 milliamperes, respectivety. In
each case, these voltages include an allowance of 50 voits to oro-
vide for control-grid bias of the cathode-ray tube. This bias is
taken from the potentiometers R, and Rg (Figures |1 and 121,

The anode current of the 905, 906, 907, and 908 is very small;
it normally does not exceed 200 microamperes. Care should be taken
that the combined bleeder and anode current is not high enough to
reduce the anode voltage below the desired value. The resistance
values shown for the voltage dividers of Figures |l and 12 were se-
lected to provide as large a bleeder current as is consistent with
voltage requirements in order that the anode current might beamini-
mum percentage of the total divider current., This was done to insure
optimum voltage regulation from the divider when adjustment either
of the No.| anode voltage or of the control-grid voitage is made.
The regulation curves and divider values are based onan input supply
of 115 volts RMS to the primary of transformers $S-122 and S-124,

If a voltage divider of lower resistance is used so that the
anode current becomes a sufficiently small percentage of the bleeder
current, defocusing due to adjustment of the control-grid voltage
will be minimized and read justment of the anode voltage made unneces-
sary.

in case a high-voltage transformer other than the 5-122 is used
{whose regulation permits operation with higher bieeder currents
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than those discussed above), the voltage divider should be designed
to supply to anode No.2 a voltage approximately one-fifth of that
applied to anode No.l; in addition, the voltage divider should supply
a var iable negative bias up to 50 or 60 volts for the control grid.

There are two |10-volt secondaries on the filament and sweep-
voltage transformer., One of these is used to supply the control grid
with a voltage of the same frequency as that of the sweep voltage
{in this instance, 60 cycles), but 90 degrees out of phase. This
procedure causes a brightening of the front wave and a darkening or
elimination of the back wave of the screen trace and thus simplifies
the pattern for purposes of frequency determination or wave study.
The other 110-volt winding provides the 60-cycle sweep voltage for
one pair of deflection plates., These plates are connected to termi-
nals on the case of the oscillograph inorder that an external sweep-
voltage source may be conveniently utilized. The 905 and 907 may in
some cases require a sweep voltage of 220 volits RMS, or 310 voits
peak {approx.!.

THE HIGH VOLTAGES EMPLOYED IN THE OSCILLOGRAPH DESCRIBED IN
THIS DISCUSSION ARE VERY DANGEROUS. GREAT CARE SHOULD BE TAKEN TO
PREVENT THE OPERATOR FRCM COMING IN CONTACT WITH THESE HIGH VOLTAGES.
Precautions shouid inctude grounding the case of the instrument dur-
ing operation, discharging the fiiter condenser before the case is
opened, and completely enclosing all parts carrying high voltage.
An intertock switch shouid be used to break the power-supply circuit
when the case is opened.

As previously stated, this compact cathode-ray oscillograph has
been found very useful in the laboratory. It has provided a ready
means of making frequency determinations, examining wave forms,
checking percentage modulation, and observingvoltages of high or low
frequency. It can aiso be used as an indicator for high-frequency
bridge measurements and for curve-drawing applications,

TRANSFORMER $-122* SPECIF ICATIONS

High-Voltage Transformer

Core

Mater ial Dynamo Steel, Allegheny Steel Company or Equivalent
Punching El1-)2
Window 1.5 in. x 0.5 in.
Tongue 1.0 in,
Stack t.0 in,
Stacking Factor 0.88

Joint Lap

Net Section 5.7 sq cm
Mean Length of Magnetic Path 17.78 cm
Weight 1.47 Ibs
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Primary (115 Voits RMS)

Wire No.30 ename led
Number of Turns 800
Winding Order Ist
Turns per Layer 100
Number of Layers 8
Insulation under Winding 0.G063 in.
Clearance under Winding 0,015 in,
Insulation between lLayers C.003 in.
Depth of Winding 0.110 in,
Mean Length of Turn 5.0 in,
Total Wire Length 334 ft
Resistance at 25°C 36 ohms
Secondary

Wire No.40 enameled
Number of Turns 5500
Winding Order 2nd
Turns per lLayer 280
Number of Layers 20
fnsulation under Winding™* 0.030 in.
tnsutation over Winding** 0.025% in.
Insulation between Layers 0.003 in.
Clearance over Winding 0.050 in,
Depth of Winding 0.130 in.
Mean Length of Turn 6.2 in,
Total Wire Length 2840 ft
Resistance at 25°C 3200 ohms

* Laboratory design reference number.
=% Buiit up with varnished camdric.

TRANSFORMER S-124* SPECIFICATIONS

Filament and Sweep-Voltage Transformer

Core

Mater ial Dynamo Steel, Allegheny Steel Company or
Punching El-12
Window 1.5 in. » 0.5 in,
Tongue 1.00 in.
Stack 1.50 in.
Stacking Factor 0.88

Joint Lap

Net Section 8,52 sq ¢cm
Mean Length of Magnetic Path 17.78 cm

We ight 2.2 1bs
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Primary (115 voits RMS)

Wire

Number of Turns

Winding Order

Turns per Layer

Number of Layers
tnsulation under Winding
Clearance under Winding
Insulation between Layers
Depth of Winding

Mean Length of Turn
Total Wire Length
Resistance at 25°C

Secondaries (5)

Number

Rating of Winding®*
Voitage Insulation®®
Wire

Number of Turns

Winding Order

Turns per Layer

Number of Layers
Insulation under winding
Insulation over winding

I and 2
11OV/0.027A
2000 volts
No.38 enam

405

2nd=-3rd
230
2
0.025 in,

Insulation between Layers 0.0015 in.

Clearance over winding
Depth of winding

Mean Length of Turn #
Total wire Length#
Resistance at 25°C #

0.0t1 in,

6.% in.
220 ft
150 ohms

* Laboratory design reference number.

%% Voltages are given for full-load current.
© Secondaries 3 and 4 on same layer, spaced for 2000-volt insulatlon.
9 Bujlt up with varnished cambric.

# Approximate values.
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No.27 ename led

412
Ist
72
6
0.045 in,
0.015 in,
0.003 in,
0.110 in,
6.0 in.
206 ft
I ohms
3 and 4
2.6V/1,75A
2000 voits
No. 19 enam
9.5
4th°
9.5
[
0.036 in.
0.038 in,
7.0 in.
5.5 ft
0.046 ohms

5
2.58V/2, 1A
2000 volits
No.20 enam

9.5

5th

9.5

|
0.025 in,
0.025 in,
0.03 in,
0.034 in,
7.0 in,
5.5 ft

0.058 ohms
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TYPICAL CIRCUITS FOR PORTABLE CATHODE-RAY OSCILLOGRAPH

HALF-WAVE CIRCUIT TO SUPPLY 1000 VOLTS FOR OPERATION OF TYPE 906

T TYPE
Ry, 879 1 [ rvPe9os Dz
Re, D4
s Dy
<—./\o—o
{15V,
60~ >5| Rs D3
-\, LAYOUT
OF CONTROLS
SHOWN IN FIG.15
: L TYPEt 908
. (4
& 1o R7- i O
Ve Rg— OO OO -—Rp)
Rio—* -—R
2 10 7
FIGURE 1) T 0 —~x O3 ~—Rg
%IIOV. Q~—, 60 A.C. ¥
1 0 M
VOLTAGE-DOUBLER CIRCUIT TO SUPPLY 2000 V. FOR OPERATION OF TYPE 905
T ' |
S
H5V.
60~ >S|
A\ -\
D3
L O
D,
%4
—o
FIGURE 12 60™ A.C.
—0
VALUES OF COMPONENT PARTS
C ;=2 uf (1000 V.)
C2=0.015 Jf (200 'V.) Rg =30000 OHMS
R} =5 MEGOHMS Rjp=0.5 MEGOHM
R2=1.0 MEGOHM Ry) =1000 OHMS
R3=0.4 MEGOHM R!Z =0.75 MEGOHM
R4=0.! MEGOHM Rj3=0.4 MEGOHM
Rg =1 TO 10 MEGOHMS R14=0.25 MEGOHM
Rg=50000 OHMS M=MICROAMMETER (0-200 M AMP)
R7=50000 OHMS S=SWITCH
Rg=10 MEGOHMS S|SINTERLOCK SAFETY SWITCH

T, =TRANSFORMER-OUR DESIGN IDENTIFICATION NeS-122
T2=TRANSFORMER~OUR DESIGN IDENTIFICATION Ne S-124
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REGULATION CHARACTERISTICS
HALF-WAVE CIRCUIT ON PRECEDING PAGE
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REGULATION CHARACTERISTICS
VOLTAGE-DOUBLER CIRCUIT ON PRECEDING PAGE
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FILTER DESIGN CONSIDERATIONS

FOR POWER SUPPLY OF CATHODE-RAY TUBES
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FIGURE 15 (above) Portable Cathode-Ray Oscillograph
Using the RCA-908,

FIGURE 168 (below) Interlor of the Osclllograph Show=-
ing Arrangement of Parts.
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Lissajous Figures

When varying voltages are applied to the deflecting plates of
a cathode-ray tube, a pattern is obtained on the fluorescent screen,
as has been discussed previously., The shape of this pattern depends
upon the wave forms of the applied voltages and upon their phase
relationships. In this discussion, a study of these patterns, or
Lissajous figures, will be made with particular attention to their
development, to the effect of phase shift, and to their use in iden—
tifying frequency ratios.

Simple Figures

Figure 17 représents a sine-wave voitage (A) applied to one
pair of deflecting plates (vertical axis) of a cathode-~ray tube and
an identical voltage (B) applied to the other pair of deflecting
plates (horizontal axis). The resulting pattern, shown by (C), is a
straight line having a 45-degree s lope. The direction of the slope
of this line is determined by the phase relation of the two voltages
as illustrated in Figures 22A and 22E*. Figure 18 illustrates the
case of two identical voltages having the same amplitude but 90°, or
270°, out of phase. In this case, the resulting figure is a circle.
If one of the figures is of greater amplitude than the other, the re-
sulting pattern will be an ellipse, as shown by Figure 22C. If the
phase relation is such that one voltage leads by 45°, or 315°, the
resulting pattern will be that of Figure 220; if leading by 135°, or
225°, the resulting pattern will be that of 228. Figures 17 to 21,
inclusive, show a graphical method for determining the resulting pat-—
tern, where the wave shapes, the relative amplitudes, the phase re-
lation, and the frequencies of the two defliecting voltages are known,
By means of a cathode-ray tube, the resultant pattern can easily be
reproduced on the fluorescent screen. Conversely, the frequency and
the phase relation of the two def lecting voltages can be determined
from this pattern. Where, in addition, the wave form is known for
one of the deflecting voltages, the wave form of the other can readi-
ly be obtained by graphical analysis.

Figures 17, 18, and 22A to 22E are for a | : | frequency ratio.
When the frequencies have a 2 : | ratio, the wave shapes of Figures
22A to 22E become those shown by Figures 22F to 224.

Complex Figures

As the ratio of the frequencies increases, the pattern becomes
more complex. In Figure 19, A and B are the voltages applied to the
deflecting plates. In this case, the frequency of A is three times
that of B, The resultant figure (C) shows a2 | : 3 pattern in which
both voltages start in phase. Figure 20 is the same as Figure 19 ex-
cept that voltage A is started 90° out of phase with respect to voit-
age B, Figure 26 illustrates a 6 : | frequency ratio. Patterns

* Figures 22 to 28 {nclusive, and Figures 38 and 39 adapted from *Frequency Meas-
urements with the Cathode Ray Oscillograph,' Frederick J. Rasmussen, A. I. E. E.
Transactions, November, 1926, Vol. XLV, Pages 1256-65.
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having integral frequency ratios are distinguished fromthe more com-
plex patterns by the way in which the complete trace is repeated for
each cycle of the lower frequency. When the pattern consists of a
sine wave for both horizontal and verticai deflections, the true
waveform of either voitage is not easily visualized when the fre-
quency ratio is low. However, if the ratio becomes as high as the
6 : | pattern of Figure 26, the higher frequency cycles appear more
nearly in their true form near the center (most linear part} of the
lower frequency sweep. In order, therefore, for waveforms to be
viewed in their true shape with respect to time, a linear sweep cir-
cuit is usually employed (see data on the 885, page 15). Figure 21C
is a 2 : | pattern obtained with a linear sweep (218) of the saw=
tooth type.

Determination of Frequency by Inspection of Pattern

When the cathode-ray oscillograph is used for calibration pur—
poses, frequency ratios of less than 10 : | canbe readily determined
by visual inspection of the image. For frequency ratios greater than
10 : |, the complexity of the pattern makes visual determination

difficult and requires determination by means of a photograph. In
general, the standard frequency selected should be one whose muiti=-
ples and submultiples will cover the desired range and provide the

simplest patterns.

In examining Lissajous figures, one should consider them as the
side view or elevation of a picture traced on a glass cylinder on
which the observer may view the wave as it travels around the cylin-

der. The illusion is clearest when the whole figure rotates slowly.
Figure 26 is a simple, single~line pattern having a frequency ratio
of 6 : 1. With a base frequency of 60 cycles per second, this

pattern is the picture for a 360-cycie wave; or with a base frequency
of 100 cycles, it is the picture of a 600-cycle wave. The frequency
ratio is determined by the number of peaks (six) of the waves in the
hor izontal piane and by the number of end loops, which for this case

is one; hence, a frequency ratio of 6 : I. In Figure 26, the front
tracing has been made heavy and the back tracing light so that the
two can be readily distinguished, if the figure were to be shifted

slightly, the front and back waves might appear to be one. This con-
dition may misiead the observer to believe that the frequency ratio
is less than 6 : 1. Adjustment of the unknown frequency so that the
pattern rotates very slowly, or stands still with the rear peaks
separated from the front peaks, will make the determination simplest.
It will be observed that the wave form of Figure 26 corresponds to
that of Figure 29%, a singie-line pattern whose back trace is not
visible.

when one frequency is not an integral multiple of the other,
the successive cycles of the lower frequency do not fall upon each
other on the pattern. |If the trace of Figure 27 is foliowed and the

* Figures 29 to 35 Inclusive, and Figures 36 and 37 adapted from "The Cathode Ray
Oscillograph in Radio Research,” R. A. Watson Watt., Published by His MajJesty's
Statlonery Office, London, England.
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upper peaks of the cycles are numbered, it is necessary to make two

hor izontal excursions across the pattern before the trace is repeated.
The same analysis shows that in Figure 28 three cycles of the low

hor izontal frequency are completed before the pattern begins to re-

peat., Figure 27 is then said to be a two-line pattern having a 9 : 2

frequency ratio. The "vertical”" frequency is, therefore, 4~1/2 times

the "horizontal" frequency. In the same manner, Figure 28 is found to

be a three—line pattern having a 16 : 3 ratio where the verticai fre-
quency is 5-1/3 times the horizontal frequency.

Figure 35 shows the simplest 2 : ) wave, or two-line figure.
Figure 27 is a complete two—line figure illustrating a ratio of 9 : 2,
which again is readily determined by the number of peaks along the
top of the figure and the number of loops at the end. Figure 28 has
16 peaks and is a three-line pattern, indicating a frequency ratio
of 16 : 3.

Figures 26, 27, and 28 iliustrate patterns as they generally
appear on the fluorescent screen, Figures 23 to 25, and 29 to 35 are
shown as pictures whose appearance suggests that the pattern tras
been developed on a piane. They have been shown in this fashion to
facilitate study.

An optional method for the determination of frequency ratio is
that of comparing the number of peaks on a given figure with the
horizontal lines of intersections, rather than with the number of
end loops. A study of some of the patterns will make this clear, in
Figure 32, there is a single line of intersections along the axis of
the pattern., It can easily be seen that this is a two-line figure by
comparing it with single-line Figures 29 and 35, Figures 28, 31, and
33, having two horizontal lines of intersections, each spaced approxi-
mately one-third from the top and bottom, are three—line patterns.
In the same manner, the four-line patterns of Figures 23, 30, and 34
are distinguished by three lines of intersections, the five-line
pattern of Figure 24 by four lines of intersections, and the six-line
pattern of Figure 25 by five lines of intersections, with character-
istic positions for thase lines in each case. Thus, the frequency
ratio is equal to the number of peaks on the circumference divided
by the term, one plus the number of horizontal lines of intersections.

Sequence of Patterns

Of the patterns from 17 to 35, those of Figures 29, 35, and 19
show simple ratios of 1 : 1, 2 : 1, and 3 : I, Both these direct
muitiples and fractional multiples of the base frequency are avail-
able to the user of a cathode-ray oscillograph, For example, with
a base frequency of 60 cycles, the following tabulation will serve
to illustrate the sequence of relatively simpie patterns obtained as
the frequency of the variable unit is decreased from a | : | ratio
of frequencies to a3 : | ratio.
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Frequency Frequency Ratio” tllustrated
In Cycles/Sec, whole Number Fractional By Figure
60 [ | 8 0 19
75 5 : 4 =174 : | 20
80 4 : 3 1-1/3 @ 1 21
90 3: 2 =172 ¢ | 22
100 5 : 3 =243 : 1 23
105 7 : 4 =374 : | 24
120 2 : 1 2 ' 25
135 9 : 4 2-1/4 : | -
140 7:3 2-i/3 : | -
150 8 8 2 2-1/72 @ | -
160 8 :3 2-2/3 : | -
165 i : 4 2-3/74 : | -
180 3: 1 3 8 [ 19

* The frequency ratio is expressed elther as a ratio of two integers, the first
of which represents the number of peaks and the second the number of lines in
the pattern, or as a ratio of a whole number and a fraction, to unity.

If the base frequency is 1000 cycles per second instead of 60,
the same ratios hold. Thus, instead of 60 to 180 cycles per second,
the frequencies for these patterns would be those for 1000 to 3000
cycles with Iintermediate values of 1250, 1333-i/3, 1500, 1666-2/3,
1750, 2000, 2250, 2333~1/3, 2500, 2665-2/3, and 2750 cycles per second.

Elliptical and Circular Figures

When waves having frequency ratios greater than 10 : | are com-
parca, accurate determinations may be difficult with the front and
back portions of the figures in the same horizontal plane. To sepa-~
rate the front and back portions, the figures can be displaced to
show either on an eillipse or on a circle.

For an ellipse, a phase-splitting device consisting of a re-
sistance and a capacitance is employed (Figure 40), Resistance (R)
is comnected across one set of deflecting plates and capacitance (C}
is connected across the other pair. Figures 36 and 37 show the same
single~line pattern and are obtained when the circuit of Figure 40
is adjusted for different vertical amplitudes. Figure 38 is a two-
line pattern having a frequency ratio of 3! : 2. The frequency ratio
of this figure would be much more difficult to determine without dis-
placement,

To produce the type of pattern shown in Figure 39, a circular
axis is developed using the circuit of Figure 40, with the exception
that the voltage under study is introduced in series with anode No.2.
It will be found that the peaks on this type of pattern will be some-
what blurred due to the defocusing effect caused by introduction of
the voltage under study into the No.2 anode circuit. Defocusing can
be minimized if this voltage is kept at a low amplitude.
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Simplification of the Pattern

It has been pointed out that the patterns of Figures 23 to 25
and 29 to 35 are developed on a plane. The resulting patterns are
much simpler than they would be with their normal appearance because
the back wave has been removed by spreading it out in the same plane
with the front wave. The advantages of thissimplified appearance can
be obtained in practice by total elimination of the back wave. Where
there is some doubt as to the number of lines in a pattern because of
the presence of the additional lines of intersections observed in
the back wave, this method will be of considerable assistance. Fig-
ure 27, for instance, is a two-line pattern, as shown by the two
loops at the end of the figure, However, because of the shift of the
figure, the intersections made by the lines of the back wave with the
lines of the front wave give it the same appearance as the four~|ine
pattern of Figure 23, To eliminate the back wave, voltage of the
same frequency as that used for the spreader, but 90 degrees out of
phase, is applied to the control grid of the cathode-ray tube. Ad-
justment of this voltage will permit weakening the back wave and
brightening the front wave or eliminating the back wave entirely,
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TIME

® 2021 22 23 24
TT T T 1)

FREQUENCY RATIO 1:1
VOLTAGES A and B IN PHASE

C ts the flrure obtalned on the screen
when sline~-wave voltage o is applied tc¢
the horizontal deflectins plates, and
an jdentlical voltase A 1s applled to
the vertical deflecting piates.

FISURE 17

TIME A

—_—

TIME

FREQUENCY RATIO 1:1
VOLTAGES A and B 90° OUT OF PHASE

Circle C- 1s the resultant figure ob-
tained on the screen when a slne-wave
voltage A 1s applled to the vertlcal
deflecting plates and an identical
voltage B 1s zpplled to the horizontal
derflecting plates.

This figure differs from Fiz,.17only in
that sbe voltage B leads the voltage A
by 909,

FIGURE 18
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N

FREQUENCY RATIO 1:3
VOLTAGES A and B IN PHASE

Fattern C 1s the resultant flsure when
a voltage J 15 applled to the horizon-
tal derlecting plates and a voltage A
whose frequency is three times that of
B, is applied to the verticail deflect-
ing plates.

In the pattern C, peak 10 s directly
bpehind peak 2 and peak 18 1s at the

righkt.

FIGURE 19

TIME

FREQUENCY RATIO 1:3
VOLTAGES A and B 90" OUT OF PHASE

FI5,2C shows the effect of phase shift
un the pattern of F1G,19,

The voltage A is three times the fre-
quencg of the voltage B and leads it
by 90V,

In this pattern, all three peaks are
visivle,

FIGURE 20
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K
L3

Y
0
»
3

TIME

3 FREQUENCY RATIO 1:2
) TIME VOLTAGES A and B IN PHASE

l FIG.21 shows & sine-wave voltage A ap-
plied tothe vertical deflecting plates
5 and a saw-tooth wave B applied to the
s horizontal deflecting plates,
$ Wave B 1s linear from O to 14: hence,
A on the pattern C, the sine wave A ap-
pears undistorted., During the interval
) 14 1o 16, the trace returns to the
starting point 16,

4 FIGURE 21

“

OR OR OR 0°5> PHASE
225° 270 315° RELATIONS

180

F G H 1 J
HORIZONTAL SWEEP AXIS—
VERTICAL SWEEP AXIS
l FIGURE 22
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FIGUKE 36
10:4
FIGURE 37
FIGURE 38
32 1551
FIGURE 39
19:2  9%:)

PHASE - SPLITTING CIRCUIT FOR OBTAINING
ELLIPTICAL OR CIRCULAR AXIS

FIGURE 40
0.5
C_L P _J_

INPUT
SWEEP R
5000
CIRCUIT OHMS
‘ VOLTAGE
BEIN
STUDIED
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Photography of Cathode-Ray Tube Patterns

A photographic record of the phenomena appearing on the viewing
screen of a cathode-ray tube can be made with the aid of an ordinary
camera. The making of the photographic record is done preferably in
subdued light in order toobtain as much contrast as possible between
the fluorescent pattern and the background. The camera should be
solidly supported, and should be sharply focused on the fluorescent
pattern.

When the usual roll-fiim type of camera is used, a portrait
attachment will permit the taking of larger photographs. The focus—
ing scale on this type of camera can be calibrated with the aid of a
piece of ground glass, before the camera is loaded with film. The
distance from the camera lens to the cathode-ray tube screen and the
magnification, or ratio ot the size of the photographic image to the
size of the fluorescent pattern, should be recorded for each position
marked on the focusing scale of the camera.

The exposure time will depend on the speed of the camera lens
(stop opening usualiy expressed as an f/value), the kind of film or
plate emulsion used, the magnification of the pattern, the briiliancy

of the pattern, and the type of cathode-ray tube screen. Since the
record is wusuaily smaller than the pattern, the magnification is
generally a value which js iess than unity.

For recurrent patterns, the brilliancy is determined by the
power input per unit fluorescent area on the screen. The power input
to the fluorescent screen [(in a high-vacuum cathode-ray tube) s

equal to the product of the No.2 anode voltage and the beam current
lcurrent collected by No.2 anode and deflecting plates). The fluo-
rescent area can be estimated from the line width and length of the
trace. A calibration factor for any particular cathode-ray tube,
operating at a definite anode voltage and being used in conjunction
with a certain film or plate emulsion, is readily obtained by means
of a series of trial exposures for different lens stops or exposure
times. Several trial exposuresmay be made on one film if the camera
is moved slightly after each exposure; -a single-line pattern is con-
venient for this purpose. If a suitable photograph is obtained in
time (1) with a lens stop of Fy, a magnification of M| and a power
input of w| watts per sq cm of fluorescent area, then the calibration
constant (K) is given by the following expression:

ti W,

e @

The time exposure [t} required for any other values of lens
stop {F), watts (w) per sq cm of fluorescent area, and magnification
(M) is given by the following expression:

- KFe (M4 1)2 2)

w
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The value of K does not change uniess the cathode-ray tube, the
photographic emulsjon, or the No.2 anode voltage is changed. Since
the characteristics of different cathode-ray tubes of the same type
and of different batches of the same photographic emulsion show
variations, the values of K given in the tabie on page 89 are intend-
ed only as a rough guide. They may be used to estimate approximate
values of the exposure times required for satisfactory photographs.
In general, it is recommended that a more accurate value of K be
determined by trial for each particular set-up.

For transient phenomena where onlyasingle trace of the pattern
occurs, the photographic effect depends upon how fast the fluorescent
spot moves across the screen. That is, the velocity of the spot on
the screen is the determining factor. A calibration constant (C) is
readily determined for any particular cathode-ray tube operating at
a certain No.2 anode volitage in conjunction with a certain fiim or
piate emulsion. Any non-recurrent pattern of known velocity can be
used for calibration. A convenient pattern covering a wide velocity
range consists of a spiral produced by the application of an aiter—
nating, sine-wave volitage to each pair of deflecting plates, the
voltage applied to one pair of plates being 90 degrees out of phase
with the voltage appiied to the other pair., Likewise, currents of
pProper phase relation can be applied to a tube having a magnetic de-
flecting system. An example of a spiral pattern is shown on page 90.
When the amplitudes of the two voltages are equal, acircular pattern
is produced. When the supply voltage controlling both components is
increased, the circle diameter is increased. A single transit of the
circle occurs once each cycle. Thus, a rapid increase in the Suppty
voltage produces a spiral pattern, The velocity of the spot at a
given point in the pattern can be determined from the diameter of
the circle at that point and from the frequency of the supply voit-
age (60 c.p.s. is often convenient!. If a suitable photograpn is
obtained at velocity (V, 1, magnification (M), and total watts input
to the screen (W, ), then the calibration constant (C) is given by:

Vy P2 (M+ 1)

- @)

For any other velocity (V) not too far different, the corre~
sponding exposure can be calculated with the value of C determined
above and the refation:

W

V=() ———4mM8 — 4)

F2 (M4 1)

where W is the total watts input to the screen (line width is the
same as that used for calibration), F is the iens stop, and M is the
magnification,
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Values of C suitable for a rough estimate of the velocity in
inches per second which will allow the trace to be photographed are
given in the table on page 89. In general, it is recommended that
more accurate values of C be determined by trials for the particuiar
set-ups employed.

The fluorescent screens used in present types of RCA cathode-
ray tubes are of two general kinds;, these are identified as phosphor
No.! and Phosphor No.5. RCA types 903, 904, 905, and 906 have the
No.| phosphor screen. RCA types 907 and 908 emplioy the No.5 phosphor
screen. The No.| screen has good visual and photographic properties,
as well as high luminous efficiency. The No.5 screen is especially
suitabie for photographic recording. For moving~film recording, it
is necessary to use a type of fluorescent screen which has a short
phosphorescent effect in order to avoid blurring of the recorded
trace. The No.5 phosphor screen is of this type, since it has a very
short persistence time (less than 30 microseconds). The medium per-
sistence of the No.! screen is an aid in visual work, and has no
undesirable effect on the photographing of cathode-ray tube patterns
when a stationary film is employed. Curves giving the character~
istics fo each type of screen are given on pages 32-35 and 58-60.

Due to the difference in spectral distribution and luminous
efficiency of the No.| screen and the No.5 screen, the photographed
trace appears narrower than the visible trace when the No. | screen
is used. When the No.5 screen is employed, the visible trace is
narrower than the photographed trace. As a result, when aajustments
are made to give the same visible line width the No.5 screen may
have greater beam current and power input than the No.l screen. A
larger power input to the No.5 screen will produce some additional
photographic action.

For photographic work invoiving high-speed non-recurring phe-
nomena, it is permissible to exceed the rated maximum fluorescent
screen input power per sq cm for the short interval required to make
the exposure. The extent to which the anode current may be increased
without harming the screen is a direct function of the rate of beam
travel and pattern size, and an inverse function of duration.

Short-interval operation at increased input can be obtained by
means of a temporary decrease in the control-grid bias voltage, A
switching arrangement should be provided to switch the grid bias
voltage rapidly between two different negative values. The exposure
is made while the grid voltage is at the less—negative value.
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Tube
Type

06
06
106

&
i3
8
a05
905
905

905
30%
905

907
907
907

907
907
907

504
904
904

S04
904
904

904
904
S04

*It the traces on a No.l screen and on a N
the same visible Line wldth, the No.5 scre
times as much No.2 anode current
to the product of this current

screen,

APPROXIMATE VALUES OF THE CONSTANTS K AND C

No.2 Anode
Voltage

1000
1CCC
tCo0

[olole}
1000
roce

200C
2000
2000

1000
1000
1000

2000
2000
2000

1000
1000
1000

4600
4600
4600

2000
2000
2000

1000
1000
1000

be with ordinary
flim, 40%; and with S.S.Panchromatic, BO%.

film 10%

FOR SAT!ISFACTORY PHOTOGRAPHS *

K ct‘

Recurrent Transient
Photographic Phenomena Phenomena
Emulsion # Use Formula (2) Use Formula (%)
Crdinary c.000200 2000C
Ver ichroune 0.000050 80000
Kedak 5.S5.Pan, 0.000025% 160000
Orainary 0.000150 2700C
Ver ichr ome 0.000150 2700¢C
S.S.Panchromatic 0.000150 27000
Ordinary 0.0C0040 100000
Ver ichrome 0.000010 400000
S.S.Panchromatic 0.000005 800000
Ordinary 0.000}20 33000
Ver ichrome 0.000030 133000
S.S.Panchromatic 0.000015 267000
Crainary 0.000030 133000
Ver ichrome 0.000030 133000
S.S.Panchromatic 0.000030 133000
Ordinary 0.000090 44000
Ver ichrome 0.000090 44000
S.S.Panchromatic 0.000090 44000
Ordinary 0.000040 100000
Ver ichrome 0.000010 400000
S.S.Panchromatic 0.000005 800000
Ordinary 0.000040 100000
Ver ichr ome 0.000010 400000
S.S.Panchromatic 0.00000% 800000
Ordinary 0.000080 50000
Ver ichrome 0.000020 200000
S.S.Panchromatic 0.000010 400000

(the t

of that for

f0r equivalent emulsions.

*xDetermined with 60-~cycle spirals

millimeter,

and a
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and the No.2 anode voltage)
Under this condition, the exposure time for the No.5 screen will
with Verichrome

the No.l screen;

line width

of approximately

0.5 screen are adjusted to give
en will have approximately
screen input power is equal

7.6

as the No.l
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Typical Oscillograms

The oscillograms shown in Figures 41 to 52 were recorded photo-
graphically’ and are typical of the results which can easily be ob-
tained by the user of a cathode-ray oscillograph. These examples
illustrate only a few of the possibilities of cathode-ray-tube photo-
graphy. They have, however, teen chosen to show typical procedure
for a wide range of applications involving audio, radio, recurrent,
and transient phenomena.

FIGURE 41 FIGUKE 42

FIGURE 41 - Type RCA=-905; No.2 anode voltage and current, 2000 volts,
25 microamperes; lens stop f/4.5; magnification, 1.0.

FIGURE 42 - Data are the same as for Figure 41 except that the magnl-
fication 1is 0.25,

Figure 41 is a 60-cycle spiral made with a two-phase voltage
supply. The magnification is 1,0, The two-phase source is obtained
by means of a step-up transformer having an output voltage of approxi~
mately 300 volts. Figure 40 shows the essential circuit employed.
The potentiometer across the transformer secondary may be one having
a resistance of 10000 ohms, The series resistor (variable) and con-
denser may be 50000 ohms and 0.075 uf, respectively. The voltage
drop across the condenser is 90 degrees out of phase with the drop
across the resistor with the result that an elliptical pattern is
produced on the screen of the 905, The ellipse is changed to a circle
when the 50000-ohm resistor is adjusted so that the voltage drop
across it is approximately equal to the drop across the condenser.
Then, as the 10000-chm potentiometer is changed, the diameter of the
circie may be varied. |f the potentiometer is moved rapidly,a spiral
pattern results, as shown in Figure 41. Information on the practical
use of aspiral pattern for photographic calibration purposes is given
on page 87 under PHOTOGRAPHY OF CATHODE-RAY TUBE PATTERNS,

# The camera employed for these oscillograms was a gtudio-portrait type, capable
ot taking 5* x 7" photographs. The photographs were taken on Verlichrome film
and developed 3 minytes in a solution of one Eastman M.Q. developer tube per 4
ounces of water (65°C). They were then washed in weak acetic-acid short stop,
fixed 20 minutes in a fresh solution of 16 ounces of hypo, 84 ounces of water,
and 16 ounces of Velox liquld hardener, and finally, waghed at least an hour
before being allowed to dry. Prints were made on #5 Azo glossy paper, de-
veloped, washed, fized, and washed in a manner similar to that described above
for Verichrome film, with identical solutions.
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Figure 42 isaspiral taken in the same manner as that of Figure
41, except that the magnification is 0.25,

FIGURE 43 FIGURE 44

FIGURE 45

FIGURE 43 - Type RCA-908; No.2 anode voltage and current, 1000 volts,
5.0 ntrroanperes. lens stop 1/6.3; magnification, 1,0;
86e text for time of exposure.

FIGUKRE 44 - Data are the same as for Figure 43 except that exposure
time was held constant at 40 seconds and lens stop was
varied; see text for lens stop values,

FIGURE 45 - Data are the same as for Figure 44 except that exposure
time was held constant at B0 seconds.

Figure 43 is a series of circles made with the two-phase supply
Jjust described, the potentiometer being set for a convenient circle
diameter, A series of circles can easily be obtained if the lens
board of the camera is moved in steps, a new time exposure being
made at each position of the board. The most dense circle has an
exposure of € seconds; the next, 4; then, 2, |, 0.5, 0. 25, and 0,12
seconds. The latter exposure dnd not record on the original print,
and the 0.25-second circle is hardly perceptible in the reproduction
of Figure 43, With this type of pattern, the densities of the nega-
tive for various exposures may be judged, since the ad jacent circles
intersect and the points near the intersections are conveniently
located. If the camera is not fitted with a lens board, the camera
itself may be rotated slightly about a vertical axis in order to get
the series of circles on one fiim.

Figure 44 was obtained much the same as Figure 43, except that
the lens stop was var led while the exposure time was held constant
at 40 seconds, The most dense circle was taken with a lens stop of
1/6.3; then, in order, the stops are f/8.9, 12.6, 17.8, 25.2, 35,6,
and 50.4, The latter reproduced faintly on the original print,

Figure 45 is the same as Figure 44, except that the time for
emch exposure was made B0 seconds instead of 40 seconds. In Figure
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43, no blurring of the most dense circle occurs and yet it is made
with 32 times as long an exposure as the least dense circie. It is
apparent, therefore, that the exposure may vary over wide limits be-
fore the trace either blurs due to over-exposure or fails to record
due to inadequate exposure,

FIGURE 48 FIGURE 47

FIGURE 48 - Type RCA-905; No.2 anode voltage and current, 2000 volts,
0.8 microampere; exposure time, 8 seconds; magnificatijon,

L.

FIGURE 47 - Type RCA-906; No.2 anode voltage and current, 500 volts,
0.8 microampere; exposure time, 2 minutes.

Figure 46 is a time exposure of a 60-cycle sinusoidal supply
voltage spread out by a reasonably linear time sweep. In this case,
the frequency of the |inear sweep voltage is a one-fourth sub-muiti-
ple of the frequency of the supply voltage, or 15 cycles per second.
This is easily determined by the fact that four complete cycles of
the 60-cycie voltage appear on the viewing screen.

Figure 47 is a time exposure of an r-f voltage having a 200 000~
cycle frequency; it is spread out by a linear time-sweep voltage of
50000 cycles per second, another one-fourth sub-multiple. A differ-
ence occurs between Figures 46 and 47 in that the time of return for
the sweep voitage (which is of the saw-tooth wave-form type) s
negligible at 60 cycles but is nearly 1/4 cycle at 200000 cycles,
Since one cycle occurs in 1/200000 part of a second, the return sweep
takes only 1/800000 of a second, in the case of Figure 47,

FIGURE 48 FIGURE 49

FIGURES 48 and 49 - Type RCA-005; No.2 anode voltage and current, 2000
volts, 150 microamperes (instantaneous value);
lens stop, £/6.3; wmagnification, 0,25,
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Figures 48 and 49 show two transients caused by the discharge
of a 0,5-uf condenser across a 0,25-henry choke. The center line is
the normal trace of the time - sweep voltage, before the transient
occurred. At the peak of the cycle, the contacts of the switch
(which closed the condenser across the inductance) chattered; this
caused a gap in the crest of the first wave. These pictures were
taken with one sweep of the spot across the screen. A damping re—
sistance of 3000 ohms was used across the inductance to shorten the
length of the wave train, Even with this damping, the transient had
not subsided when the spot completed its sweep across the viewing
screen,

FIGURE 50 FIGURE 51 FIGURE 52

FIGURES 50 and 51 - Data are the same as for Figures 48 and 49,
FIGURE 62 - Data are the same as for Figures 48 and 49.

Figures 50 and 51 show the same transient as Figures 48 and 49
except that a 500-ohm damping resistor and a 4,5~ uf condenser were
emp loyed, In addition, a special, non-chattering switch was used
so that the wave, once started, would not be broken,

Figure 52 was taken as a transient but is a 250-cycle wave from
a known frequency source, to be used as a calibrating means for the
patterns of Figures 50 and 51, This wave was obtained by discon-
necting the transient-signal lead to the oscillograph and substi=-
tuting the 250-cycle voltage lead in its place. No other change was

made in the circuit or camera setting, except that the lens board
was moved so as to place the 250—cycle pattern on another part of

the same film. Thus, the known amplitude and frequency of the cali-
brating voltage form a basis for calculation of the voltage and fre-
quency of the transient. This calibration does not apply to Figures
48 and 49, which were taken with different transient and sweep-cir-
cuit constants.
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Use of the Cathode-Ray Oscillograph
for Checking
Modulated R-F Waves

One of the most useful applications for the cathode-ray oscillo-
graph is that of checking modulated radio~-frequency wave forms, A|-
though vacuum—tube voltmeters and conventional d—c meters have value
in the determination of radiophone transmitter performance, the
methods employing such meters are slow and cumbersome and, at best,
give only partial results, The cathode-ray osciliograph, however,
provides a convenient, rapid, accurate, and complete check, whether
the r—f carrier, the modulating audio voltage, or the combination of
both is under investigation.

There are two principal methods in which the oscillograph is
employed for checking modulated wave forms. One is commonly known
as the trapezoidal method; the other, as the modulated-envelope
method. The name in each case is derived from the shape of the pat-
tern obtained on the cathode-ray-tube screen. The two methods differ
only in the type of time sweep used with the cathode-ray tube.

THE TRAPEZOIDAL METHOD

The trapezoidal method employs an audio-frequency time—sweep
voltage taken directly from the output of the modulator, wusually by
means of a potentiometer in series witha fixed resistor (Figure 53),
If the secondary of the modulation transformer is at a high d-c po-
tential, a high-volitage blocking condenser must be placed in series
with the voltage-divider lead going to the modulation transformer.
This lead, as well as deflecting plate lead fa) in Figure 53, should
be short and should have as little capacity to ground as possibie, to
avoid phase distortion at the higher audio frequencies. If no high

(8)

C(= HIGH-VOLTAGE R-F BY-PASS
C22 0. [, HIGH=-VOLTAGE
R(,R2 = HIGH-RESISTANCE VOLTAGE DIVIDER; RESISTANCE VALUES
DEPEND ON PEAK A-F OUTPUT VOLTAGE OF MODULATOR
AND ON CATHODE ~RAY TUBE USED

z:; TO OSCH.LOGRAPH TERMINALS FOR EXTERNAL SWEEP.

FIOURE 63 - Method of coupling modulator to oscillograph for
trapezoidal patterns.

A) Congtant-current Class A modulator.
B) Push-pull Class A or Class B modulator,
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d-c voltage is connected to the secondary of the modulation trans-
former (as when parallel choke-and—condenser feed is employed), the
blocking condenser can be omitted.

It is important to note that the audio voltage for the "horison-
tal-axis” time sweep should be taken directly from the output of the
modulator and not from some intermediate stage in the pre-amplifier.
The audio voltage at any other point than at the output of the modu-
lator may be (and usually is) out of phase with the audio envelope of
the carrier, especially at the very low and at the very high audio
frequencies. Such an out-of-phase voltage applied to the t ime-sweep
circuit of the cathode-ray tube results in a meaningless, distorted
trapezoid, which usually has peculiar double—curved sides instead of
straight-line sides. Figure 55(1) shows such a pattern.

The source of the audio signal for test purposes is preferably
an audio oscillator having good wave form, variable frequency, and
ad justable output vcltage, A simple sine-wave audio oscillator is
shown in Figure 56, The output voitage of this oscillator has very
good wave form, as illustrated by Figure 57la). The signal voltage
may be coupled directly to the grid of the first or second pre-ampl i~
fier tube, wusuvally without any change in its normal input circuit.
A wide range of frequencies can be obtained if various values of in-
ductance and capacitance are employed for Ly and C| (Figure 561}, A
trapezoidal pattern can be held stationary with a steady a-f signal
from such an oscillator, whereas a fluctuating signal such as that
produced by music or voice causes the pattern to expand and contract
about the verticail r-f carrier line; the amount of expansion depends
on the percentage of modulation.

The r—f carrier voltage s applied to the '"vertical-axis" de—

filecting plates of the cathode-ray tube by any convenient system,
Typical methods are shown in Figure 54, With the r-f carrier volt-
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FIGURE 54 = Two methods of coupling r-f amplifier to oscillograph,
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FIGURE 55 - Patterns obtained by the trapezoldal method; see text for
interpretation.
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age adjusted to the proper ampiitude (without modulation), the pat-
tern is a straight vertical ltine, as in Figure 55(b), If the a-f
sweep voltage from the modulator is now applied, and the carrier is
modulated 100 per cent, an isosceles triangle (a special case of the
trapezoid) should be formed (Figure 55d). Less than 100 per cent
modulation should produce a pattern such as 55(c), which is the trape-
zoid in its usual form, The actual percentage of modulation may be
determined by measurement of the dimensions H, and Hy [(Figure 55¢)
and the following relation:

H, - H,

- 1
H,+m *100

Modulation Fercentage =

From this equation, it is apparent that when Hy is zero lthe trape-
Zoid then assumes the triangular shape of Figure 55(d}, the modula-
tion of the carrier is 100 per cent.

TYPE 53 OR 6A6

I A |

Ci
F <2
ouTPUT l
o l _

- -

Ra

+250 V.
€1,€3,C4,C8 = 0.1 Uf R3,R4 = 50000 OHMS, 0.5 WATT
C2 =16 Uf ELECTROLYTIC, ISV, Rg = 50000-0OHM POTENTIOMETER
Ry =750 OHMS, 0.5 WATT L) =1500- TURN (160 MH )
R2=0.5-MEGOHM POTENTIOME TER HONE YCOMB COIL

FIGURE §6 - A simple sine-vave audio oscillator of the capaclty-feed-
back type. Figure 57(a) shows the wave form of the out~-
put, the frequency being about 1260 cycles per second for
the LC constants given above.

The reasoun for the pattern taking the trapezoidal (or triangu~
lar ) shape can easily be understood from the following considerations
(refer to Figure 55¢): When the moduiating a-f voltage reaches a
positive maximum, the beam of the cathode-ray tube is deflected to
one end of its horizontal traverse (the left end in Figure 55¢c), At
the same instant, the r-f carrier is at a maximum value; thus, the
larger end of the trapezoid is formed. When the modulating voltage
swings to its negative maximum, the cathode-ray tube beam is de-
flected to the opposite end of its horizontal traverse — the right
end of Figure 55(c)., At this instant, the r-f voltage is at a mini-
mum; thus, the smaller end of the trapezoid is produced, For a true
Class C ampiifier, the r-f output voltage increases in direct pro-
portion to the amplitude of the modulating a-f voltage; thus, the
sides of the trapezoid should be straight lines. A pattern having
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this characteristic indicates l|linear modulation. Regardless of the
frequency or wave form of the modulating voltage, the pattern pro-
duced is the same. This fact makes the trapezoidal method of great
value in the adjustment and checking of Class C or linear Class B
r-f amplifiers, inasmuch as there is no possibility of audio distor-
tion from the modulator giving a pattern similar to one caused by
trouble in the r—f amplifier — a situation which can ar ise when the
modulated-enve lope method of checking is employed. However, the
trapezoidal method is of little or no use for checking the actual
audio wave form on the carrier,

Interpretation of Patterns

The group of drawings shown in Figures 55(a) to 55(1) ilius-
trates typical patterns obtained with the trapezoidal method.

Figure 55(a) shows the spot focused on the screen of the cathode-
ray tube before either r—f or a-f voltages are applied to the de-
flecting plates.

Figure 55(b) shows the non-modulated r-f carrier applied to the
"vertical-axis'" deflecting plates, with no time-sweep voltage applied
to the other pair of deflecting plates.

In Figure 55(c}, the a-f time sweep from the modulator is
applied to the "hor izontai-axis" deflecting plates; this spreads the
pattern ocut on the viewing screen an equal distance each side of
center. The modulation is linear and is less than 100 per cent.

Figure 55(d) is the pattern for an r—f amplifier modulated 100
per cent; the straight sides of the triangle show that the modula-
tion is linear. The base (H;) of the figure should be just twice the
length of the non-modulated r—f carrier line of Figure 55(b},

Figure 55le) shows over-modulation of the carrier. The "tail"
at the tip of the triangle indicates zero r-f voltage over that por-
tion of the modulation cycie; this means that the peaks of the nega-
tive audio swings are being clipped off. Such over-modulation causes
distortion of the transmitted signal and makes the r-f carr ier broader.
The latter effect can cause severe interference with carriers on ad-
Jjacent channels,

Figure 55(f) indicates that the modulated amplifier is not re-
ceiving enough r—f grid excitation. The positive a-f peaks are cut
off because the r—f amplifier is unable to produce output proportion-
al to the peak modulating voltage.

Figure 55(g) appears to be similar to 55(f), but it may be pro-
duced by a different cause. Such a pattern can be obtained from a
Class C amplifier modulated by a Class B a-f amplifier, especially
when the modulator plate supply is connected to the r-f buffer stage
which furnishes grid excitation to the Ciass C modulated amplifier.
On large a-f signal swings, the heavy current drawn by the Class B
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moduiator may cause the plate-supply voltage to drop due to poor
regulation in the power supply. This decreases the output of the
r-f buffer stage, decreases the excitation to the final Class C
stage, and thus |imits the peak output of the latter. A separate
power supply for the Class B modulator is a good remedy for this kind
of trouble. Low—emission tubes in either the modulator or r-f am-—
plifier can also cause a flattening of modulation peaks, which pro-
duces a pattern similar to Figure 55(g]),

Figure 55(h} can be caused by a regenerative Class C r-f am-
plifier. The r—f output increases more rapidly than the modulating
a-f voltage; thus, a pattern with curved sides is produced. An im-
proper ly neutraiized triode amplifier can give such a pattern,

Figure 55(i) s the pattern for a screen-gria r—f amplifier
whose plate is modulated but whose screen is operated at a fixed
voltage., On the negative a-f swings, the r—f carrier does not 9o to
zer o because the fixed screen voltage causes some plate current to
flow even- when the plate potential is zero. On the positive a-f
swings, the carrier peaks do not rise as high as they should because
the screen voltage does not increase with the plate voltage. A
screen—grid tube properiy modulated in both screen and plate circuits

will give a correct pattern such as that of Figure 55(d). If the
screen by-pass condenser is made too large, the resulting pattern
may look like Figure 55(i) even though the screen is modulated. The

large condenser tends to flatten out the peaks of the a-f voltage on
the screen, Feed-back and oscillation may resuit if the screen by-
pass condenser is made too small.

Figure 55(j) is the pattern for a screen—grid r-f amplifier
whose screen alone is modulated. The r-f output rises linearly from
zero, but because the plate potential is fixed, the output cannot
increase to the point corresponding to 100 per cent modulation. The
screen may also become over-heated; therefore, modulation of the
screen ajone is not generally to be recommended.

Figure 551k} shows how a trapezoidal pattern can shift to one
side of the carrier line (instead of spreading equally on both sides
as it should), due to an unsymmetr ical audio wave form. In the ex-—
ample shown, the negative a-f peaks are greater than the positive
peaks; this causes the trapezoid to expand more to the right than to
the left, as indicated by the figure. In other respects, the trape-
zoidal method tells Jittle about the wave form of the modulating
voltage.

THE MODULATED-ENVELOPE METHOD

The modulated-envelope method of checking a radiotelephone Sig-
nal differs from the trapezoidal method in that a linear time-sweep
voltage is applied to the "horizontal-axis" deflecting plates of the
cathode-ray tube. A linear sweep circuit using the RCA-885 is suit-
able. Such a circuit is shown on page 22,
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L J

FIGURE 57 - Patterns (d) to (J) obtained by the modulatsd-envelope method;
see text for interpretation.
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To obtain an envelope pattern, it is necessary to apply the r-f
carrier voltage to the "vertical-axis" deflecting plates of the
cathode-ray tube and to adjust the carrier to a suitable amplitude.
The iinear time-sweep voltage from the 885, preferably synchronized
with the audio-signal frequency, is applied to the other pair of de-
flecting plates. 1t is usually desirable to adjust the frequency of
the linear time sweep to some small sub-multipte of the modulating
frequency So that several complete modulation cycles of the r-f

carrier will appear on the viewing screen. If the modulating fre-
quency is 600 cycles per second, atime-sweep frequency of 200 cycles
will produce an envelope pattern of three full cycles.

The modufated—envelope pattern provides a true, undistorted
picture of the modulated r-f carrier. Any distortion of the audio
wave can easily be detected by an inspection or an analysis of the
enve lope pattern, provided the output of the r—f amplifier is linear,
If a tracing of the pattern from the original signal source (a-f
oscillator) is superimposed on a tracing of one-haif of the modu-
lated-carrier pattern, the two should coincide almost perfectly, pro-
vided the same sweep frequency, signal frequency, and wave ampliitude
are used for both patterns.

Interpretation of Patterns

The group of patterns in Figures 57(a) to 57(j} iilustrates the
results that can be expected from the modulated—envelope method.

Figure 57ta) is the 1250-cycie test voltage from the audio
oscillator shown in Figure 56, This is the signal used to modulate
the carrier shown in subsequent illustrations.

Figure 57(b) shows the same audio signal with severe distortion
resulting from the over-driving of a Class A stage used as a driver
for a Class B modulator.

Figure 57(c) shows the unmodulated carrier, which in this case
is oscillating at a frequency of about !4 megacycles. It appears as
a solid band across the screen, since the |4 000000-cycle frequency
is too high to show individual r-f cycles. The height of the pattern
may be controllied by the r-f input coupling.

Figures 57(d) and 57te) show, respectively, a partially-modu~
lated and a 100-per-cent-modulated carrier having a modulation enve-
lope of good audio wave form, The percentage of modulation can
easily be determined from the dimensions of the pattern. For a modu-
lation percentage of 100, the peak-to-peak vertical deflection of
the modulated signal should equal twice the height of the unmodu-
lated carrier, provided the positive and negative r-f peaks are equal
las they should be). For a properly modulated carrier,

D!-Dlxlm

Modulation Percentage = D ’
1

-10t~




~

RCA CartHoDe.RAY Tuses

where Dy is the overall height of the unmoduiated carrier and D, is
the peak-to-peak height of the modulated carrier, as shown in Figures
57(c) and 57(e}, The coupling of the r—f amplifier to the oscillo-
graph should not be changed during a modulation measurement, because
this would make the results of no value,

Figures 571f) and 57(g) show over-modulation together with a
considerable amount of audio distortion, The negative modulation
peaks are clipped off and the rest of the modulation envelope does
not follow the wave .form of the test signal shown in Figure 57(a),
The bead-shaped sections along the horizontal axis between the modu-
lation cycles indicate that the modulated r-f amplifier has not been
properly neutralized. If it had been, the "beads" would be short,
thin, horizontal lines, no wider than the diameter of the spot.

Figure 57(h} is the pattern resulting from severe over-modula-
tion together with high audio distortion. The simitarity between
this modulation envelope and the flat-topped audio signal shown ir
Figure 57(b) clearly shows the cause of the flat modulation peaks in
the pattern of Figure 57(h),

Figure B7(i} shows a peculiar combination of faults. The r-f
grid excitation to the Class C modulated amplifier is too low, the
reflected load of the Class C stage on the Class B modulator is in-
correct, and the modulator is oscillating at some spurious frequency
much higher than the modulating signal frequency. The carrier at-
tempts to follow the positive a-f peaks, but is unable to do so be-
cause of inadequate r-f driving power,

Figure 570 j} shows the type of sigral emitted when the piate
circuit of the moduiated Class C amplifier is considerably- detuned
from resonance. The presence of phase modulation is indicated by
this pattern,

SUMMARY

Of the two general methods described, the modulated-enve lope
system is probably the more desirable, although it requires a linear
sweep circuit. With the |inear sweep available, however, the oper—
ator can check under load conditions the wave form of the a—f volt—
age at any point in the modulating system. The trapezoidal method
requires less apparatus and, for r-f linearity tests, is much more con-
venient than the envelope system, Either method, however, is con-
siderably superior to systems using only meters, Most of the better
broadcasting stations employ a cathode-ray oscillograph as a standard
piece of station equipment. Many advanced radio amateurs also find
the osciilograph an invaluable aid in adjusting and checking their
apparatus.
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Cathode-Ray Curve-Tracing Apparatus
for
Aligning Tuned Circuits

Curve-tracing devices for showing the resonance curves of the
intermediate- or radio-frequency stages of broadcast receivers have
been in useby receiver manufacturers for some time. The curve tracer
is particularly useful where the r-f f{or i-f} coupling is such that
a double-peaked resonance curve is obtained,since the depth of the
valley between the peaks is difficult to determine unless a plot of
the curve can be examined. Such a plot is, of course, constantly
before the aligner so that the effect of coupliing or tuning adjust-
ments can be observed during the adjustment process. Cathode-ray
curve-tracing apparatus for this purpose is comparatively inexpensive
and will give excellent results. Some of the advantages of a cathode-
ray curve tracer are:

|. The trace is brilliant.

2. Overload does not damage the apparatus, but merely causes
the beam to defiect off the screen,

3. The apparatus can be made portable.

4. The cost of the apparatus is low,

Since it is believed that an instrument of this type will be of
distinct value to many laboratories, manufacturers, and service men
who desire to improve their testing facilities, a detailed descrip-
tion of a cathode-ray curve tracer is given in the following dis-
cussion. This resonance curve tracer employs a type 906 cathode-ray
tube. The instrument has been constructed and has been submitted to
practical operating tests, with very satisfactory results. The de-~
sign atlows the device to cover a range of intermediate frequencies
of 100 kc to 500 kc; it has an amplifier-detector section which is
practically flat over the entire range. Figure 59 is the schematic
circuit diagram, while Figure 58 shows the functional layout and a
suggested arrangement for a portable instrument. The principles and
methods involved in this application can be applied to obtain the
curves of any form of tuned circuit and the frequency range is not
limited to the 100-500 kc of the apparatus illustrated.

A resonance curve is a plot of the volitage output of a tuned
stage for a given frequency band. To obtain this curve, it is neces-—
sary to have a voitage source, which in this instance is the oscil-
lator (T,) of Figure 59 and to have a source of variable frequency
covering a range which extends above and below the resonant frequency.
The frequency variation to sweep across the frequency range of the
tuned circuit can be accomplished manually by hand manipulation of a
condenser, or it can be speeded up to thirty times a second as is
done in this case by means of an |800 RPM motor. The fluctuating
output voltage of the stage is then amplified, rectified, and again
amplified, and finaily applied to one set of deflecting plates of a
cathode-ray tube. The other set of defiecting piates is supplied
with the sweep-frequency voltage.
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The frequency sweep is produced by a motor of about 1/20 hp or
more,driving a rotating condenser (C,) having a maximum capacitance
of 0.00035 uf. A range switch (S,) connects different values of
capacitance Cy, C4, C5, etc., in series with C, to adjust the sweep
for different frequency ranges, The oscillator is tuned by the ad-
Jjustment of C .

A contactor on the motor shaft controls the {inear sweep volt-
age by periodically short—circuiting condenser (Cq) This condenser
charges linearly with time during the half revolution that condenser
(Cy) sweeps the frequency. During the remaining haif revolution, con-
denser (Cy) is short-circuited and C, returns to the initial posi-
tion.

The rheostat (Py) in the cathode circuit of tube (T;) controls
the charging rate of condenser (Cq). When P3 is properly adjusted,
the contactor on the motor causes the voltage of condenser (Cq) to
return to zero somewhat before the condenser becomes fully charged.
When Py is adjusted for too siow a charging rate, the sweep, as
viewed on the screen of the cathode-ray tube, returns to zero before
the full width of the screen has been traversed. On the other hand,
if Py is adjusted so that the charging rate is too high, the sweep
terminates with the condenser fully charged before the contactor has
returned the condenser voltage to zero. Considerable distortion of
the resonance curve traced on the screen results from the latter ad-
justment due to the non-linearity of the sweep voltage at the end of
the traverse,

The proper adjustment of Pz allows a full sweep across the
screen without a bright spot occurring at the end of the sweep. The
appearance of a bright spot is due to the electron beam remaining in
one position for a greater length of time than in other positions.
A bright spot will appear in the beginning of the sweep since the
beam remains there for one~half of the sweep-voltage cycle.

The centering of the horizontal sweep line along the horizontat
axis of the viewing screen is accomplished by the proper adjustment
of potentiometer (P,). The frequency-range switch (S,) and the tun—
ing condenser (C;) should be adjusted so that the resonance charac-
teristic appears in the center of the sweep. As condenser (C ) is
varied, the resonance characteristic is shifted along the sweep axis.
The best value of C| is thatwhich centers the resonance curve on the
sweep range.

The grid of the i-f stage to be tested is connected to the ro-
tating contact terminal of potentiometer (Pg). The receiver chassis
and the chassis of the curve tracer should have a common ground in
order to complete the input circuit. The test signal can be adjust-
ed by means of P to give a suitable height of resonance curve. The
range switch {S;) reduces the signal when an overall test of two or
more i-f stages is made,

When intermediate amplifier stages are to be aligned, the out-
put voltage from the plate of the tube following the i-f stage is
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connected through a blocking conaenser, in series with a low resist-

ance (Rz) of approximately 1000 ohms, to the amplifier circuit, as

shown in Figure 59, When the tube following the i-f stage in the re-
ceiver under test is a diode detector, the resistor (R;) can be elim-
inated. In this case, the input lead of the amplifier is connected

to the high-potential end of the diode load resistance. Sufficient

i-f voltage is generally present across the by-pass condenser of the

diode load resistor to give a deflection on the cathode-ray tube,

Since the diode load is by-passed, there is no capacity effect from

the connecting leads and the resonance adjustment does not change

with their removal. The resonance curve obtained on the screen of

the cathode-ray tube represents audio frequency and, therefore, ap-

pears not as a modulation envelope but as a single~line curve atove

the horizontal axis.

The constants of the oscillator circuit will depend somewhat
upon the arrangement of the wiring, the distributed capacitance, etc.
In order to realize the full operating range of frequencies from 100
ke to 500 ke, it is important to have tuning condensers with low
minimum capacitance, and to keep wiring capacitances at a minimum.
The exact values for the constants of the oscillator circuit are
best determined by actual test after the apparatus is in operation,
Suggested values for these constants are as follows:

Cy - 0.00015 max. uf
C, - 0.00035 max. uf

C3 - 0.00005 uf
C4 - 0.00005 uf
Cg =~ 0.0001 uf
Cg ~ 0.00035 uf
L, - 2.0 mh
Ly - 2.0 mh
Ly ~ 5.0 mh ,

NOTE: Condenser Cp should be capable of rotating continuously and shouid be of
the ball-bearing type. Inductances Ll' Lz. and Ly should be closely coup-
led.

Desirable characteristics for the oscillator are uniform voit—
age output, especially throughout the sweep range, and frequency
change proportional to the angular rotation of the frequency-swaep
condenser !C2). This condenser should preferably be one of the
straight-iine-frequency type, although an ordinary semi-circular-
plate condenser is easier to balance mechanically in order to avoid
vibration. The latter, however, is satisfactory for the usual aiign-
ment purposes; that is, with it no distortion of the resonance curve
is noticeable to the eye, although it should not be depended upon for
precise measurements.

Care should be taken to select a variable condenser that is
rugged in construction and revolves on ball bearings. Contact with
the rotor can be made by means of a brush or other smooth-riding
pressure contact on the condenser shaft. The short-circuiting con-
tactor is a standard automotive ignition breaker, operated by a cam
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on the motor shaft. A bakelite drum having a metal insert in its
periphery can be used as a shorting device if desired.

The information contained in this discussion |is given both to
illustrate the principles invoived in a cathode-ray curve tracer and
to assist those who may desire to construct their own equipment. For
those who prefer to buy their equipment, rugged, reiiable, and weil-

designed resonance curve tracers are cobtainable from manufacturers
at a very reasonabie cost.
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A Deflecting-Magnet Current Amplifier
For Use With
Cathode-Ray Tubes Employing Electromagnetic Deflection

In the application of the 903 and 904 where electromagnetic
deflection is employed, a means of amplifying the deflecting currents
is often necessary. There are cases where the magnet can be con-
nected directly to the circuit under observation, but a current ampli~
fier is essential if the phenomenon is insufficient in power or would
in some way be adversely affected by the impedance of the magnet.

Figure 60 on page |l shows a typical current amplifier and de-
flecting-magnet system which is useful for many applications. Two
2AB's or 42's are used in parallel to furnish the current swings for
the magnet coils (L, and Ly). The circuit constants are selected to
minimize phase distortion. If the assumption of sinusoidal input
voltage waves is made, the phase displacement angle fusing 400 cycles
per second as a reference frequency) is less than 3% petween 50 and
2000 cycles. The phase shift is, at the higher frequencies, due to
the fact that the plate load of the 2A5's is somewhat inductive be-
cause of the impedance of the magnet coils. At the lower frequencies,
the phase shift is caused by the a~f blocking—condenser and grid-re-
sistor combinations wused in the amplifier stages as well as by the
inductance and resistance components in the output circuit. The fre-—
quency response is essentially flat from 50 to 2000 cycies. The
upper frequency limit of 2000 cycles per second only holds where the
2A5's are operated at full plate-current swings in order to obtain
maximum deflection of the cathode-ray tube beam., The upper frequency
limit can be increased to 6000 cycles if the plate- current swings
are held to one-third of their maximum amplitude,

Where the current waves have a high harmonic content, the funda-
mental frequency should be kept low so that the frequency of the
highest harmonic of interest is below 6000 cycles per second. For
example, with |inear sweep waves of the saw-tooth type (see 885 data,
page 15), the upper Iimit of the fundamental frequency is about 1000
cycles if serious phase distortion is to be avoided. Other frequency
ranges may be obtained if the circuitconstants and the magnet design
are suitably changed.

The magnetic-deflecting system shown in Figure 60 is divided in
to five parts for convenience of discussion. The magnet coiils them-
selves are part No.5. They may be used as a separate unit in appli-
cations where they can be connected directly into the circuit under
study. The current available from the circuit under observation will
determine the number of turns on the magnet coils. The magnet shown
requires about 45 milliamperes peak current to give "full-scaie" de-
flection on a type 904 cathode-ray tube operating with a No.2 anode
potential of 2500 volts, In adapting the same magnet to other values
of current, one need only remember that with other factors remaining
constant the deflection is proportional to the number of ampere turns,
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Therefore, if a peak current of 90 milliamperes is available, the
number of turns on each magnet coil can be one-half of that specified.

Since some circuits will be disturbed by the introduction of
the magnet inductance and will not be suitable for direct connection,
the use of a coupling amplifier is required. Such an amplifier is
shown as part No.4 in the diagram, Suitable circuit constants are
indicated, It should be noted that the grid resistor (Ry) is limited
to 0.5 megohm for two 2A5's, and that a value as high as this can be
used only if the heater voltage is not allowed to rise more than 10
per cent above the rated value, wunder any conditions of operation.

A peak a-f input voltage of approximately || voltswill give the peak
plate current of 45 milliamperes required for full beam deflection
of the 904.

The O0.5-megohm grid resistor may be too low to connect directly
to some high-impedance circuits. In such cases, a coupling tube is
necessary; this is the amplifier shown as part No.3, emplioying a
type 56. The input circuit for the 56 may be either that shown in
part No.2 (with a |.,0-megohm grid resistor) or that of part No.l,
which provides more than |0-megohms input impedance. With either
No.! or No.2 circuit feeding the 56, approximately one volt (peak)
is necessary across the effective grid resistance (from the 56 grid
to ground) to produce a 45-miiliampere peak current swing in the
magnet coils. Due to the 100 to | attenuation of circuit No.l, a
peak voltage of 100 volts is necessary across the total resistance
of R| and Ry. This input arrangement will be found suitablie for use
with an 885 |linear saw—tooth oscillator; the shunt resistor across
this type of oscillator, for satisfactory performance, usually should
be 10 megohms or greater. Input circuit No,2 s suitable for use
with circuit No.3 in cases where a |.0 megohm resistance can be
shunted across the circuit under study and where the full gain of
the two amplifier stages is required. Circuit No.2 can be modified,
of course, if the peak voltage from the phenomenon under observation
is more than one volt; a suitable potentiometer or other attenuating
device can be used in place of RB' as long as the total grid-circuit
resistance of the 56 does not exceed one megohm.

The magnet of part No.5 consists of two 1500-turn coils, con-
nected in series aiding. The coils are mounted as near as practicable
to the two ends of a square iron core {see Figure 60 for core cata)
bent in the shape of a large "C". This split-coil arrangement is
much better than the concentration of all the magnet turns in a
single coil on one end of the core. The axis of the magnetic field
should be perpendicular to the normal position of the electron beam
and the ends of the core should be placed about |-1/2 inches beyond
the end (toward the screen) of anode No.2 (in the case of the 904),
The air gap between the ends of the core should be made as short as
the neck of the cathode-ray tube bulb will permit. The gap is about
I-1/8 inches for the 903 and [-1/2 inches for the 904,

it has been stated that the peak plate current of the 2A5's,
necessary to swing the electron beam from the center to one side of
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the 904,is 45 mililamperes, for a No.2 anode voltage of 2500 volts,
With a 903 operating at the same No.2 anode voltage, the peak plate
current to produce an equal deflection (approximately 2-1/2 inches)
is only 35 mi{liamperes. The improved sensitivity in the latter case
is due to the greater flux density across the shorter air gap and to
the difference in the length of the tubes (from the position of the
magnet to the viewing screen).

If the lowest frequency at which the amplifier must operate is
higher than 50 cycles per second, the capacitance of condensers C3,
C4s Cg» Cq, and Cg can be made proportionalily smaller, 1t is im-
portant that the plate-iocad reactor (L,) be designed to give a fiat
frequency response over the desired frequency range and to have an
inductance of at least 150 henries while carrying a d-c current of
68 mil|iamperes and having a voltage impressed across its terminals
of 165 voits RMS, The inductance preferabliy should consist of three
50-henry reactors in series, as shown in Figure 60. This arrange-
ment minimizes distributed—capacity effects and gives better perform-
ance generally than a singie I150-henry unit. The resistance (Rg) is
used to |imit the tendency of L, and L; (shunted by the circuit and
tube capacitances) to resonate, or "tune"™, as well as to provide a
more suitable plate ioad for the pentodes when the impedance of Ly
and L3 is smail (at the lower frequencies)., The specified value of
Rg flattens the frequency response curve over the operating range. A
value for C; lower than 12 ut is detrimental to the low~frequency
response of the amplifier. Condenser (C4) can be omitted if one of
equal or larger capacitance is already included in the power supply,
or if batteries in reasonably good condition are employed.

There are several variations ot this type of magnetic-deflecting
system which may prove more suitable for certain applications. For
very low frequencies, the use of additional turns on the magnet will
give a more suitable impedance. For higher frequencies, a larger
number of pentodes may be paraileied in the amplifier and used with
a magnet having few turns, and, consequently, having low distributed
capacitance. As many as ten 2A5's have been paralieled in a test
circuit, with satisfactory resuits, The use of a 50000-ohm (0.l watt)
grid resistor in series with each grid lead at the socket is desira-
ble to prevent oscillation in an arrangement of this type. These modi-
fications as well as others may be required for special applications,
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CIRCUIT FOR A DEFLECTING-MAGNET CURRENT AMPLIFIER

Net Ne22 Ne 3 Ne 4 Ne S
/_H —_—A T mm— —_——
! | | TYPE 2A5 OR 42 N
| ] TYPE 56 ]
Ci SRy | |
oo |
INPUT 104 | |
| c2
I I |
| : |
R2| | |
| f
) I ,
R3 |
' |
| |
& i ] I
FIGURE 60
C1 = 0.05 Jf, 200 V. C7=12 l4F, 400 V.
C2=0.5 Uf, 200 V. Cg=8UF, S00V. Rg = 25000 OHMS, 0.5 WATT
C3=50 Uf, S0V 0 MEGOHMS, 0.5 WATT R7 = 500000 OHMS, 0.5 WATT
Ca= SUF, 400 V. 00000 OHMS, 0.5 WATT R8 =200 OHMS, 2 WATTS
Cg= | UF> 400 V. R3 = | MEGOHM, 0.5 WATT Rg = 2000 OHMS, 5 WATTS
Ce= BLUfF, 50V. R4 =10000 OHMS, 0.5 WATT L2,L3= SEE TEXT, P. 109

L= AT LEAST 150 HENRIES TOTAL INDUCTANCE WHILE CARRYING 68 MA.DC. AND HAVING 55 VOLTS RMS
IMPRESSED ACROSS EACH SECTION; SHOULD HAVE NO RESONANCE CHARACTERISTICS FOR
FREQUENCIES FROM 50 TO 7000 CYCLES PER SECOND.

CORE = SILICON STEEL LAMINATIONS 0.014 INCH THICK, 0.25 INCH WIDE ; STACKED 0.25INCH PROVIDING
A GROSS CROSS-SECTIONAL AREA OF 0.063 SQUARE INCH; LENGTH OF MAGNETIC PATH
20 (APPROX.) INCHES.



CATHODERAY TUBE TERMINOLOGY*

Apparent Line Width: The apparent line width ({the visible or
recorded width of the moving spot) canbe different from the apparent
spot size of the stationary spot because screen luminescence is de-
pendent upon the duration of excitation.

Apparent Spot Size, Apparent Spot Diameter: When the spot size
is measured visuaily or from a photographic record, the resultant
spot size is not necessarily the true spot size; therefore, the terms
"apparent spot size" and "apparent spot diameter" should be used in
such cases.

Beam Current: The current in the electron beam at the screen,
usually measured in microamperes.

Beam Voltage: The instantaneous voltage of the electron beam
at any point; wusually referred to as the voltage of the beam at the
point of deflection, where the beam voltage is substantially the
same as the second anode voltage.

Candlepower-Distribution Characteristic! Thereiationwhich when
plotted is invariably represented by a polar curve illustrating the
fuminous intensity of a cathode-ray tube in a plane of the tube axis
and with the screen at the origin. This characteristic shows how the
candlepower of a luminescent screen varies when the screen is viewed
at different angles.

Deflection Sensitivity, Electrostatic: The ratio of the distance
which the electron beam moves across the screen to the change in po-
tential difference between the deflection plates; this is usually ex-
pressed in millimeters per volt, The sensitivity varies inversely
with the beam voltage at the point of deflection.

Deflection Sensitivity, Magnetic: The ratio of the distance
which the electron beam moves across the screen to the change in the
flux density producing the motion. The sensitivity may be expressed
in millimeters per gauss, but due to the difficulty in the determina-
tion of flux density, it is often more practical to express the sensi-
tivity in millimeters per ampere-turn, or simply in millimeters per
ampere. It varies inversely as the square root of the beam voltage
at the point of deflection.

Defocus: A term used to describe a spot which is not optimum
with respect to shape and size.

Efficiency, Gun-Current: The ratio of the beam current to the
current which leaves the cathode. This ratio, multiplied by 100,
gives the gun—current efficiency in per cent.

* This material is abstracted and adapted from a paper entitled *"Cathode-Ray Tube
Terminology® by T.B. Perkins (Research and Development Laboratory, RCA Radio-
tron Division, RCA Manufacturing Company, Inc.). The complete paper will be
found in the November, 1935, issue of the Proceedings of the Institute of Radio
Englneers.
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Efficiency, Screen Actinic: The measure of the ability of a
viewing screen to convert the electrical energy of the electron beam
to radiation which affects a certain photographic surface. This term
shouid be expressed in microwatts per watt, but is often expressed
for ease of measurement in terms of actinic power per watt relative
to a screen of well-known characteristics.

Efficiency, Screen Luminous: The measure of the ability of a
viewing screen to produce visible radiation from the electrical erergy
of the electron beam. The efficiency should be measured in lumens
per watt. For convenience of measurement, however, it is usually
expressed in candiepower per watt, because candlepower is a measure
of the luminous flux per unit solid angle in a given direction and
can be converted to lumens where the candiepower-distribution charac—
teristic of the screen is known. It is usual practice to measure
candlepower in the direction normal to the screen.

Efficiency, Screen Radiant: The measure of the ability of a
viewing screen to produce luminescence from the electrical energy of
the electron beam. The efficiency should be expressed in microwatts
per watt, but due to the difficulty of making absolute measurements
is more often expressed in radiant energy per watt relative to some
screen of well-known characteristics,

Fluorescence: The luminescence emitted by a phosphor during
excitation, As applied to a cathode-~ray tube, this term refers to
the radiation emittedby the viewing screen during the per iod of beam
excitation,

Line Width: The true width of the moving spot measured at right
angles to its direction of motion,

Luminescence: The term describing all forms of visible and near—
visible radiation which depart widely from the black-body radiation
law, It can be divided according to the means of excitation into
many classes,such as: candoluminescence — the luminescence of incan-—
descent solids; photoluminescence - the luminescence created by ex~
posure to radiation; chemiluminescence — the luminescence created by
chemical reactions; electroluminescence - the luminescence given off
by ionized gas; bioluminescence ~ the luminescence emitted by living
organisms; triboluminescence - the luminescence created by the dis-
ruption of crystals; crystalloluminescence — the luminescence excited
by emissions from radioactive materials; galvanoluminescence — the
luminescence phenomena observed at electrodes during some elec—
trolyses; cathodoluminescence - the iuminescence produced by the im—
pact of electrons; etc. In cathode-ray tubes, cathodoluminescence is
principaily involved; therefore, the luminescence of the screen is
that radiation which is produced by the impact of the electron beam,

Luminescent Spot: The spot formed on the screen of a cathode-
ray tube at the impact point of the focused electron beam,

Pattern Distortion: when the electron beam is moved by chang-
ing fields, a pattern is formed on the screen; the waveform of the
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spot movement will be identical with the resuitant waveforms of the
electrical phenomena producing these fields unless there is pattern
distortion present. This distortion takes many forms,such as: ampli-
tude, frequency, phase, brightness, persistence, spot size. etc.

Persistence Characteristic: The relation showing the brilliance
of light emitted by a cathode-ray-tube screen as a function of time
after excitation, This characteristic is generally shown in a curve
where relative brilliance as the ordinate is plotted on a iogarithmic
scale against time on a linear scale. "Relative brilliance"” is used
to denote Iluminous intensity per unit area evaluated in arbitrary
units.

Phosphor: The solid material in the screen which produces lumi-
nescence when excited by the electron beam,

Phosphorescence: The luminescence emitted after excitation. As
applied to a cathode-ray tube, this term refers to the radiation
which persists after the electron-beam excitation has ceased.

Spectral Characteristic: The reiation between the radiant ener-
gy per element of wavelength and each wavelength of the spectrum. It
is generally shown in a curve plotted with relative radiant energy
against wavelength in angstroms, microns, or millimicrons. "Relative
radiant energy" is expressed in arbitrary units of radiant energy.

Spectral Characteristic, Actinic: The retation between the ener—
gy per element of wavelength which affects a certain photographic
surface, and each wavelength of the spectrum. This is generally
shown in a curve plotted with relative actinic energy against wave-
length in angstroms, microns, or millimicrons. "Relative actinic
energy" is obtained by multiplying the relative radiant energy values
(taken from the screen's spectral characteristic) for each wavelength
by the relative sensitivity of a given photographic surface at that
wave length,

Spectral Characteristic, Visual: The reiation between the lumi-
nous energy per element of waveiength and each wavelength of the

spectrum, It is generally shown in a curve plotted with relative
luminous energy against wavelength in angstroms, microns, or miili-
microns. "Relative luminous energy" is obtained by multiplying the

relative radiant energy vaiues (taken from the screen's spectral
characteristic) for each wavelength by the reiative response of the
eye at that wavelength.

Spot Diameter: The term wused to express the true size of a
round spot.

Spot Distortion: A term used to describe the condition of a
spot which is not optimum with regard to shape.

Spot Size: The true dimension or dimensions of the spot. Spot
size may be measured under various conditions, and is commonly desig-
nated by such names as '"spot diameter" or "line width", When the
spot is stationary its size can be measured in any direction, but Is
usuvaliy determined bty its dimensions along the longest and shortest
axes.
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The following list of references to cathode-ray tubes includes
material of both elementary and advanced character, Obviousiy, the
list is not inclusive, but it will guide the reader to other refer—
ences,

Periodicals

DIEHL, WILLIAM F., The Cathode~Ray Oscillograph. R/9, September, 1935, p.12,

DYE, D.W., Improved Cathode-Ray Tube Method for the Harmonic Comparison of Fre—
quency. Proc. Physical Society, London, Vol.37, p.158 (1925).

OEORGE, R.H., A New Type of iiot Cathode Oscillograph - Its Application to the
Automatic Recording of Lightning and Switching Surges. Journal A.I.E.E.,
Vol.48, p.534 (July, 1929).

HALLER, CECIL E., A Linear Timing 4xis for Cathode Oscilloscopes. Review of
Scientific Instruments, (July, 1833),

JOHNSON, J.B., A Low Voltage Cathode Ray Oscillograph. Journal Amer. Opt. Soc.,
Vol.8, p.701 (1922); also, Physical Review, Vol,17, p.420 (1921).

KUEHNI, H.P., A Low Voltage Cathode-Ray Oscillograph with Fluorescent Viewing
Screen. General Electric Review, Vol.37, p.429 (Sept., 1934).

MacGREGOR-MORRIS, J.T. and R. MINES, MNeasurements in Electrical Engineering by
Means of Cathode Rays. Journal Institution Electrical Engineers, London,
Vol.63, p.1056 (1925).

OSBON, W.0., A New Cathode Ray Oscilloscope. Electrical Journal, Vol.28, p,322
{1931),

RASMUSSEN, FREDERICK J., Frequency Measurements with the Cathode Ray Oscillo-
graph, Journal A.1.E.E., January, 1927; also, Transactions A.l1.E.E,, Vol.
45, D.1256 (1928).

STINCHFIELD, J.M., Cathode Ray Tubes and Their Applications. Electrical Eng i~
neering, Vol.53, No.12, p.1808 (December, 1834).

TAYLOR, HEADRICK, and ORTH, Cathode-Ray Tubes for Oscillograph Purposes. Elec~
tronics, Vol.8, No.12 (December, 1933).

TRESSLER, M.E., The Cathode Ray Tube and Its Application. General Electric Re-
view, Vol.18, p.818 (1915).

VAN DYKE, K.S., The Use of the Cathode Ray Cscillograph in the Study of Reso-
nance Phenomena in Piezo Electric Crystals. Physical Review, Vol.31,
p.303 (1928); also; Proc. I.R.E., Vol.16, p.783 (1928),

von ARDENNE, M., 4 Braun Tube for Lirect Photographic Recording. Experimental
Wireless, London, Vol.7, p.668 (1830).

WALLER, L.C., 4 Practical Cathode~Ray Oscillograph for the 4natewr Station. Qst,
Vol.XVIIl, No.3 (March, 1934 ),

WOLD, P.I. and E.B. Stephenson, Velocily of Sounds by a Phase Indicating Device.
Phys{cal Review, Vol.21, p.708 (1923).
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WooD, A.B., The Cathode Ray Oscillograph. Journal A.1.E.E., Y0l1.63, p.1046
(1926).
Recent Developments in Cathode Ray OUscillographs. Journal Institutica
Engineers, London, Vol.71, p.41 (1932).

IWORYKIN, V.K., On Electron Optics. Journal Franklin Institite, Vol,216,pp.536-556
(May, 1933).
Improvements in Cathode-Ray Tube Design. Electronics, November, 1931,
p.188,

Text Books

ALBERTI, E., Braunsche Kathodenstrahlrohren Und Ihre Arwendung. Julius Springer
Co., Berlin, 1832.

HUND, AUGUST, High-Frequency Measurements. McOraw-H1ll Book Co., Inc., New York.
RIDER, JOHN F., The Cathode-Ray Tube at Work. John F.Rider, Publisher, New York.
von ARDENNE, M., Die Kathodenstrahlrohren. Julius Springer Co., Berlin, 1934.
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