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FOREWORD

The RCA Raprotron-CunningaaM Rapio Tuse ManNuat,
like its preceding editions, has been prepared especially to
assist those who work or experiment with radio tubes and

circuits.

The information and technical data presented in this book
were selected only after careful consideration of their usefulness
in the field of radio-tube applications. While the form, in
general, follows that of the previous editions, it will be found
that many additions and numerous revisions have been made.

Material on the individual tube types is arranged starting
with the new three-symbol types in numerical-alphabetical
sequence. Other two-and three-digit types follow in numerical
sequence on the basis of the last two digits.

This Manual will be found valuable by radio service men,
radio technicians, experimenters, radio amateurs, and by all

others technically interested in radio tubes.

Commercial Engineering Section

RCA RADIOTRON CO., Inc.

Harrison, New Jersey
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Electrons and FElectrodes

The radio tube is a marvelous device. Although it appears to be a fragile affair
constructed of meral and glass, in reality it is a rugged instrument chat makes pos-
sible the performing of operations, amazing in conception, with a precision and a
certainty that is astounding. It is an exceedingly sensitive and accurate instrument—
the product of coordinated efforts of engineers and craftsmen. Its construction re-
quires materials from every corner of the earth. Its use is world-wide. Its furure
possibilities, even in the light of present day accomplishments, are but dimly fore-
seen, for each development opens new fields of design and application.

ELECTRONS

A radio tube consists of a cathode and one or more additional eleccrodes—all
enclosed in an evacuated glass bulb—with their electrical connections brought to
exterior terminals. The cathode supplies electrons while the other electrodes control
and collect them.

The importance of the radio tube lies in its ability to control almost instantly
the flight of the millions of electrons supplied by the cathode. It accomplishes this
with a minimum of control energy. Because it is almost instantaneous in its action,
the radio tube can operate efficiently and accurately at electrical frequencies much
higher than possible with rotating machines.

All matter exists in the solid, liquid, or gaseous state. These three forms of
matter consist entirely of minute divisions known as molecules. Molecules are
assumed to be composed of atoms. According to a present accepted theory, atoms
have a nucleus which is a positive charge of electricity. Around this nucleus re-
volve tiny charges of negative electricity known as ‘‘electrons.”” Scientists have
estimated that these invisible bits of electricity weigh only 1/46 billion, billion,
billion, billionths of an ounce since they may travel at speeds of thousands of miles
per second.

Electron movement may be accelerated by the addition of energy. Heat is one
form of energy which can be conveniently used to speed up the electron. For ex-
ample, if the temperature of a metal is gradually raised, the electrons gain velocicy.
When the metal becomes hot enough to glow, some electrons may acquire sufficient
speed to break away from their nuclei. This action is utilized in the radio tube to
produce the necessary electron supply.

CATHODES

A cathode is an essential part of a radio tube since it supplies the electrons necessary
for tube operation. In general, heat is the form of energy applied to the cathode
to release the electrons. The method of heating the cathode may be used to distinguish
between the different forms of cathodes. For example, a directly-heated cathode,
or filament-cathode, is a wire heated by the passage of an electric current. An in-
directly-heated cathode, or heater-cathode, consists of a filament, or heater,
enclosed in a meral sleeve. The sleeve carries the electron-emitting material on its
outside surface and is heated by radiation and conduction from the heater.

A filament-, or directly-heated cathode, may be furcher classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated-tungsten, and metals which have been coated with alkaline-earth
oxides. Tungsten filaments are made from pure meral. Since they must operate
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ac high temperatures (a dazzling white) to emit sufficient electrons, a relatively large
amount of filament power is required. Thoriated-tungsten filaments are drawn
from tungsten slugs which have been impregnated with thoria. Due to the chorium,
these filaments liberate electrons at a more moderate temperature (a brighe yellow)
and are, therefore, much more economical of filament power than are pure tungsten
filaments. Alkaline earchs are usually applied by coating a nickel alloy wire or ribbon
with a mixture containing the materials. This coating, which is dried in a sub-
stantial layer on the filament, requires only a very low temperature (a dull red) to
produce a copious supply of electrons. Coated filaments operate very efficiently and
require relatively little filament power. However, each of these cathode materials
has special advantages which determine the choice for a particular application. In
general, tubes made with filament-cathodes or heater-cathodes and designed for use
in radio receivers, utilize the coated construction.

CATHODE ATHODE
INSULATED INSULATED
HEATER HEATER

DIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
(FILAMENT TYPE) (MEATER TYPE)

Filament-cathode types of tubes are particularly well suited for operation from
a steady source of filament-supply voltage such as a batrery. Tubes for this service
can be designed with cathodes which give economical production of electrons and,
consequently, economical set operation. Tubes constructed primarily for economical
battery operation are not very satisfactory for use with alternating-current filament
supply; due to the variation in electron emission and potential in the space-charge
region which occurs with each alternation of the current. This variation is amplified
by the tube and produces hum in the loudspeaker. When filament-cathode types of
tubes are to be used on a-c filament supply, special precautions are taken in the design
to reduce hum disturbances to a point where the hum will not be troublesome. These
precautions include such features as the utilization of massive filaments which mini-
mize temperature fluctuations, the use of filaments which have sufficient excess electron
emission so that a very large temperature change is required to reduce the emission
below the value needed for normal tube operation, and the proportioning of tube
parts to minimize the electrostatic and magnetic effects produced by alternating
current on the filament. The 26 is an example of a filament-cathode type of tube
particularly useful for operation on alternating current.

Heater-, or indirectly-heated cathodes, comprise an assembly of a thin metal
sleeve coated with active marterial and a heater contained within and separated from
the sleeve. The heater is made of tungsten wire and is used only for the purpose of
heating the sleeve and its coating to an electron-emitting temperature. The tungsten
wire is operated at 2 moderate temperature and supplies the energy for heating the
sleeve.

The heater-cathode construction is well adapted for use in radio tubes intended
for operation from a-c power lines. The use of separate parts for emitter and heater
functions, the electrical insulation of the heater from the emitter, and the shielding
effect of the sleeve may all be utilized in the design of the tube to prevent the a-c
heater supply from causing hum. Representative types are the 24-A, 57, and 78.
From the viewpoint of circuit design, the heater-cathode construction offers ad-
vantages in connection flexibility due to the electrical separation of the heater from
the sleeve and active cathode-surface.

N
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DIODES
PLATE

Electrons are of no value in a radio tube unless they can be puc
to work. A radio tube is designed with the necessary parts to
provide and to utilize the electron flow. These parts consist of a
cathode and one or more supplementary electrodes. he simplest
form of radio tube contains two electrodes, a “‘cathode’ and a “‘place”
and is often called a ‘“diode,”’ the family name for two-electrode tubes. FILAMENT

The eleccrodes are enclosed in a bulb with the necessary connections brought out
through air-tight seals. The air is removed from the bulb to allow free movement
of the electrons and to prevent injury to the emitting surface of the cacthode. When
the cathode is heated, electrons leave the cathode surface and form an invisible cloud
in the space around it. Any positive electric potential witchin the evacuated bulb
will offer a strong attraction to the electrons (unlike eleceric charges atcracr; like
charges repel). In a diode, the positive potential is applied to the second electrode,
known as the anode. The potential is supplied by a suitable electrical source con-
nected between the plate terminal and a cathode terminal. Under the influence
of the positive plate potential, electrons flow from the cathode to the plate and return
through the external plate-battery circuit to the cathode, thus completing the circuit.
This flow of electrons is known as the plate current and may be measured by a sensitive
current-meter.

If a negative potential is supplied to the plate, the free electrons in the space sur-
rounding the cathode will be forced back to the cathode, and no plate current will
flow. Thus, the tube permits electrons to flow
from the cathode to the plate but not from the
plate to the cathode. If an alternating voltage +V\ /‘\

TRANSFORMER

is applied to the plate, the plate is alternately
made positive and negative. Plate current flows
only during the time when the plate is positive.
This phenomenon makes the tube useful as a
rectifier of alternating current, that is, to pro-
vide a current flow always in the same direction.
Rectifying action is utilized in a-c receivers to
convert a.c. to d.c. for supplying “B,” “C”
and screen voltages to the other tubes in the
receiver circuit. Rectifier tubes may have one
plate and one cathode. The '81 is of this form
and is called a half-wave rectifier, since current
can flow only during one-half of the alternating-

o /\ SECONDARY
C C Q RECTIFIED VOLTAGE
PLATE N2I
CTIFIED VOLTAGE
SLATE N22
COMBINED
RECTIFIED
VOUTAGE
PLATESNOI& 2
SMOOTHED VOLT-
AGE AFTER
FIRST SECTION
ol — OF FILTER

-+ D-C VOLTAGE
AVAILABLE FOR

1 oo +

+

+ o

RADIORECEIVER

FULL-WAVE RECTIFICATION

current cycle. When two plates and one or
more cathodes are used in the same tube, current
may be obtained on both halves of the a-c cycle.
The 80, 82, 83 and 5Z3 are examples of thistype and are called full-wave rectifiers.

Not all of the electrons emitted by the cacthode teach the plate. Some return to
the cathode while others remain in the space between the cathode and place for a brief
period to form an effect known as space-charge. This charge has a repelling
action on other electrons which leave the cathode surface, and impedes their passage
to the plate. The extent of this action and the amount of space-charge is greatly
dependent upon the cathode temperature and the plate potential. The higher the
plate potential, the less is the tendency for the space electrons remaining to repel
others. This effect may be noted by applying increasingly higher plate voltages to a
tube operating at a fixed cathode voltage. Under these conditions, the maximum
number of awvailable electrons is fixed, but increasingly higher plate voltages will
succeed in attracting a greater proportion of the free electrons.

Beyond a certain plate voltage, however, additional plate voltage has lictle effect
in increasing the plate current because all of the electrons emitted by the cachode
are being drawn to the plate. This maximum current is called saturation current,
and because it is an indication of the total number of electrons emitted, it is also
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known as the emission current, or, simply, emis-

4[» ] sion. In most types of tubes, it is impossible to obtain

- this value by measurement, since the current flow is

N —| sufficiently large to change the emitting conditions, or

to damage the tube. As a result, emission values in

practice are determined at some lower voltage which

will not harm the tube. Different results will be ob-

tained if a different cathode voltage or temperature is

chosen, since the cathode temperature determines the
number of available electrons.

If space-charge effects were not present, it follows
PLATE VOLTAGE—> that the same electron flow could be produced at a lower
plate voltage. One method of reducing the space-
charge effect is udilized in several types of rectifier tubes, represented by the mercury-
vapor rectifier 82. This tube contains a small amount of mercury which is partially
vaporized when the tube is operated. The mercury vapor consists of tiny mercury
atoms permeating the space inside the bulb. These atoms are bombarded by the
electrons on their way to the plate. If the electrons are moving at a sufficiencly high
speed, the collisions will tear off electrons from the mercury atoms. When this
happens, the mercury atom is said to be ‘‘ionized,”’ that is it has lost one or more
electrons and, therefore, is charged positive. When ionization due to bombardment
of mercury atoms by electrons leaving the filament occurs, the space-charge is neu-
tralized by the positive mercury ions so that increased numbers of electrons are made
available. A mercury-vapor rectifier has a small voltage drop between cathode and
plate (about 15 voles). This drop is practically independent of current requirements
up to the limit of emission of electrons from the filament but is dependent to some
degree on bulb temperature.

[Saturation Point

NUMBER OF ELECTRONS
REACHING PLATE —

TRIODES

When a third electrode, called the grid, is placed next to the cathode, the tube is
known as a ‘“‘triode.”” This is the family name for three-eleccrode types. The grid
usually consists of a wire mesh or grating, the appearance of which suggests its name.
Its construction allows practically unobstructed flight of the electrons from the cathode
to the plate.

PLATE When the grid of a tube is made positive or negative with
respect to the cathode, the plate current correspondingly increases

cRID or decreases. The grid is located much nearer the cathode than
the plate so that a small voltage change on the grid will have cthe

catvooe  same effect on the plate current as a larger voleage change on the
plate. A grid requires very lictle power, serving merely as a
valve to control the plate current.

A negatively-charged grid tends to force the space electrons back roward the fila-
ment. This action decreases the plate current.  Plate current, in fact, may be reduced
to zero {cut-off) by making the negative grid-charge sufficiently large. On the
other hand, when a positive charge is applied to the grid, the electrons are accelerated
and increased plate current results.

It should be noted that this control action of the grid permits the use of the tube
as an amplifier. A small grid-voltage change produces a2 much larger plate current
variation than would the same change in plate voltage. Typical three-electrode
tubes are the 30, 27, 56, and 2A3.

The control-grid circuit (input circuit) includes any device or devices con-
nected between the control grid and cathode of a tube for the purpose of impressing
an input or signal voltage on the control grid. It may consist of an antenna coupling-
coil, a transformer secondary, or any unit having one or all the factors of inductance,
resistance and capacity. Since it is usually desirable to maintain the grid at some
negative voltage (called grid bias) with respect to the cachode, the grid circuic will,
in such cases, also include a source of voltage supply for that purpose. The grid-bias
supply (C-supply) may be a battery or other source of d-c voltage. The output
circuit is considered to include the parts of the circuit connected between the plate
and cachode.

HEATER

—_—4 —
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The electrodes of a radio tube form an electrostatic system, each electrode acting
as one plate of a small condenser. For a three-electrode tube the capacitances are
known as interelectrode capacitances and are those existing bectween the grid
and plate, the plate and cathode, and the grid and cathode. Of these, the capacity
between the grid and plate is generally of most importance. In high-gain radio-
frequency amplifier circuits, this capacity may act to produce undesired coupling
between the input and output circuits and, thereby, cause uncontrolled regeneratcion

TETRODES

The effect of grid-plate capacitance in causing excess regeneration may be mini-
mized or eliminated in a number of ways. One scheme requires the use of com-
plicated circuit arrangements which set up counteracting effects to councerbalance
the action of the grid-plate coupling. The second and preferable PLATE
method is to eliminate as much as possible the grid-to-place
capacitance in the tube itself. This is accomplished by employing ScREEN
a fourth electrode in the tube which is known as the screen. The ori
screen is placed between the plate and the grid and thus makes A CATHODE
a four-electrode tube, or “‘tetrode.”” With this type of tube intri-
cate circuits and balancing difficulties may be eliminated. Since HEATER
the screen voltage largely determines the electron flow, small changes of plate volrage
have little effect on plate current. This is desirable from the viewpoint of stability.
The screen is constructed so that the flow of electrons is not materially obstructed,
yet it serves to establish an electrostatic shield between the plate and grid. The
screen is operated at some positive voltage lower than that of the plate and is by-
passed to the cathode chrough a condenser.  This by-pass condenser effectively grounds
the screen for high-frequency currents and assists in reducing grid-place capacitance to
a minimum value. In general practice the grid-plate capacitance is reduced from
an average of 8.0 micro-microfarads (uuf) for a triode to 0.01 wuf or less for a screen
grid tube. The reduction permits the attainmenc of scable amplificacion from screen
grid tubes many times as high as that possible from three-electrode tubes.  Tubes
of this type are represented by the 24-A, 32 and 35.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two- and chree-electrode types, these vagrant electrons
usually cause no trouble because no positive electrode other than the plate itself is
present to atrract cthem so that they are eventually drawn back to the plate.  Emission
from the plate caused by bombardment of the plate by electrons from the cathode is
called secondary emission, because the effect is secondary to the original cacthode
emission. In the case of screen grid tubes, the proximity of the positive screen to the
plate offers a strong attraction to these secondary electrons and particularly so if che
plate voltage swings lower than the screen voltage. This effece lowers the plate
current and limits the permissible plate swing for tetrodes.

The plate current limitation is removed when a fifth electrode, known as the sup-
ressor, is placed in the tube between the screen and plate. The family name for
ve-electrode types is “‘pentode.”  The suppressor is usually connected to the cathode.

Because of its negative potential with respect to the plate, it retards the flight of
secondary electrons and diverrs them back to the plate, where they can cause no trouble.

The suppressor is utilized at the present time in pentodes designed for two different
functions. In power output pentodes, the suppressor
makes possible a large power output wich high gain, due
suppressor  to the fact that the plate swing can be made very large.

PLATE

SCREEN GRID Tubes of this type are represented by the 33, 38, 47 and
A\ CATHODE 2A5. In radio-frequency amplifier pentodes, the sup-

pressor permits of obtaining a high voltage amplification

HEATER at moderate values of plate voltage. In fact, the plate

voltage may be as low as or lower than the screen voltage without serious loss in the
gain capabilities of this type. Representative of this type are the 34 and 77. Further
advantages in adaptability of tube design and application may be obtained by pro-
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viding the suppressor with its own base terminal. With this arrangement, it is pos-
sible to obrain special control features by variacion of che voltage applied to the sup-
pressor. Typical tubes of this type are the 57 and 58.

MULTI-ELECTRODE and MULTI-UNIT TUBES

In che initial period of tube development and application, tubes were of the so-called
‘“‘general purpose type;’ that is, a single tube-type—a triode—was used as a radio-
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency amplifier,
an oscillator, or as a detector.  Obviously, with this diversity of application, one tube
did not meet all requirements to the best advantage.

Later and present trends of tube design are the development of “‘specialey’ cypes.
These types are intended either to give optimum performance in a particular applica-
tion or to combine in one bulb functions which formerly required two or more tubes.
The first class of tubes includes such examples of specialty types as the 40, 71-A, 24-A,
35 and the 2A5. Types of this class, in general, require more than three electrodes
to obrain the desired special characteristics. Thus, they may be broadly classed as
multi-eleccrode types.

Tubes of the multi-electrode type often present interesting possibilities of applica-
tion, since the electrodes may be connected in a number of ways for several different
kinds of service. For example, the 46 can be used either as a Class A or Class B
output amplifier triode. The 59, a triple-grid power amplifier, has not only these
possibilities, but may also be used as a Class A amplifier pencode.

TRIODE PLATE PLATE

GRID GRID Ne2 GRID N3
DIODE PLATE GRID N2t

DIODE PLATE
A CATHOBE

CATHODE
HEATER HEATER

Duplex-Diode Triode Triple-Grid Power Amplifier

The second class includes mulciple-unit tubes such as the duplex-diode triodes 55,
75 and 85, as well as the duplex-diode pentodes 2B7 and 6B7 and the twin Class B
amplifier types 53 and 79. These types all have two or more separate tube units.
It is interesting to note that the 80 is one of the earliest illustrations of multi-unit
tubes.

PLATE PLATE
GRIDS N2 3

— -SUPPRESSOR A -

.
e Y GRID N-.z

DIODE PLATE GRID Nat. L¥

DIODE PLATE A CATHODE

CATHODE
HEATER HEATER
Duplex-Diode Pentode Pentagrid Converter

A third class combines features of each of the previous classes. Typical of chis
class are the 2A7 and the 6A7 pentagrid converter types. These are tubes having an
unusually large number of electrodes (seven exclusive of heater) all of which affect the
same electron stream and yer perform independently two operations (oscillator and
mixer for superheterodyne circuits) simultaneously.



Radio Tube Characteristics
The term “CHARACTERISTICS” is used to identify the distinguishing electrical

features and values of a radio tube. Thesc values may be shown in curve form or they
may be tabulated. When given in curve form, they are called characteristic curves
and may be used for the determination of tube performance and the calculation of

additional tube factors.

Tube characteristics are obtained from electrical measurements of a tube in various
circuits under certain definite conditions of voltages. Characteristics may be further
described by denoting the conditions of measurements. For example, Static Char-
acteristies are the values obtained with different d-c potentials applied to the tube
electrodes, while Dynamic Characteristics are the values obtained with an a-c
voltage on the control grid under various conditions of d-c potentials on the electrodes.
The dynamic characteristics, therefore, are indicative of the performance capabilities
of a tube under actual working conditions.

Plate characteristic curves and transfer (mutual) characteristic curves
both give information on static characteristics.  These curves present the same informa-
tion, but in two different forms to increase its usefulness. The plate characteristic
curve is obtained by varying plate voltage and measuring plate currenc for differentc
control-grid bias voltages, while the transfer characteristic curve is obrained by vary-
ing control-grid bias voltage and measuring plate current for different plate voltages.
A plate characreristic family of curves is illustrated by Fig. 1. Fig. 2 gives the transfer
characreristic family of curves for the same tube.
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Dynamic characteristics include amplification facror, plate resistance, mucual
conductance, and certain detector characteristics, and may be shown in curve form for
variations in tube operating conditions.

The amplification factor, or g, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition that
the plate current remains unchanged. For example, if the plate voltage is changed
30 volts and the grid volrage is changed 5 voles (in opposite polarity) in order to hold
the plate current at a constant value, the amplification factor is 30 divided by 3, i.c., 6.
In other words, a small voltage variation in the grid circuit of a tube has the same
effect on the plate current as a large plate voltage change—the latter equal to the pro-
duct of the grid voltage change and amplification factor. The u of a tube is useful
for calculating stage gain, as discussed on page 10.

The plate resistance () of a radio tube is the resistance of the path between
cachode and plate to the flow of alternating current. It is the ratio of a small change
in plate voltage to the corresponding change in plate current and is expressed in ohms,
the unit of resistance. hus, if a change of 0.001 ampere is produced by a plate
voltage variation of 20 volts, the plate resistance is 20 divided by 0.001, i. e., 20000

ohms.

7



Tre RCA Raprotron—CunningHAaM Rapio Tuse Manuatr

The mutual conductance (g.), or grid-plate transconductance (sa), is a factor
which combines in one term the amplification factor and the plate resistance, and is
the ratio of the first to the second. Mutual conductance may be more strictly defined
as the ratio of a small change in plate current (amperes) to the small change in the
control-grid voltage producing it, under the condition that all other voltages remain
unchanged. Thus, if a grid-voltage change of 10 volts causes a plate-current change
of 0.01 ampere (10 ma.) with all other voltages constant, the mutual conductance is
0.01 divided by 10,1i.e., 0.001 mho. A “mho’ is the unit of conductance and was
named by spelling ohm backwards. For convenience, a millionth of a mho, or a
micromho, is used to express mutual conductance. So, in the example, 0.001 mho
times a million equals 1000 micromhos.

The mutual conductance characteristic of a tube is very useful when comparing
its performance capabilitics with those of the same type in similar applications.
However, the usefulness of this characteristic is limited when comparing different
types for any service. For example, the 112-A has a mutual conductance of 1800
micromhos at 180 volts on the plate and —13.5 volts on the grid, while the 71-A
has a mutual conductance of 1700 micromhos at 180 volts on the plate and —40.5
volts on the grid. As a power amplifier, however, the 71-A is capable of furnishing
three times as much undistorted power to a loud-speaker as the 112-A. On the other
hand the 112-A is an excellent detector and voltage amplifier, services for which the
71-A is unsuitable.

Conversion transconductance (s.) is a characteristic associated wich the mixer
(first detecror) function of tubes and may be defined as the ratio of the intermediate-
frequency (i-f) current in the primary of the i-f transformer to the applied radio-
frequency (r-f) voltage producing it; or more precisely, it is the limiting value of this
ratio as the r-f voltage and i-f current approach zero.  When determining the perform-
ance of a frequency converter, conversion transconductance is used in the same way as
mutual conductance is used in single-frequency amplifier compurations.

The maximum peak inverse voltage characteristic of a rectifier tube is the
highest peak voltage thac a rectifier tube can safely stand in the direction opposite
to that in which it is designed to pass current.  In ocher words, it is the safe arc-back
limic with the tube operating within the specified temperature range. Referring to
Fig. 3, when plate A of a full-wave rectifier tube is posi-
plate, current flows from A to C, but not from B to C
because B is negative. At the instant plate A is positive,
the filament is positive (at high voltage) with respect to
plate B. The voltage between the positive filament and
the negative plate B is in inverse relation to that causing
current flow. The peak value of this volrage is limited
by the resistance and nature of the path between plate B
and filament. The safe value of this voltage is that at
which break-down does not occur and is known as maxi-
mum peak inverse volrage. In single-phase circuits
of the full-wave type, the maximum peak inverse voltage
is the transformer peak voltage less the voltage drop
through the conducting half of the tube. With a sine-
wave volcage across the electrodes of the non-conducting
half, the peak inverse voltage is approximately 1.4 times - Fig. 3
the RMS voltage applied from plate to plate of che
tube. In polyphase circuits, the peak inverse voltage must be determined vectorially.

The maximum peak plate current is the highest peak current that a rectifier
tube can safely stand in the direction in which it is designed to pass current. The
safe value of this peak current in hot-cathode types of rectifiers is determined by the
available electron emission from the cathode and the geometrical spacing of the elec-
trodes. In a given circuir, the actual value of peak plate current is largely determined
by filter constants. If a large choke is used in the filter circuit next to the rectifier
tube, the peak plate current is not much greacter than the load current, but if a large
condenser is used in the filter next to the rectifier tube, the peak current is often more
than four times the load current.

—8—



Radio Tube Applications

The diversified applications of a radio tube may, within the scope of this chapter,
be grouped broadly into five kinds of operation. These are: Amplification, rectifica-
tion, detection, oscillation, and frequency conversion. Although these operations
may take place ar either radio- or audio-frequencies and may involve the use of different
circuits and different supplemental parts, the general considerations of each kind of
operation are basic.

AMPLIFICATION

The amplifying action of a radio tube was mentioned under TRIODES, page 4.
A small change in the control-grid voltage for grid voltages less than the cut-off value
produces a much larger plate-current change than would be produced by the same change
in plate voltage. This action can be utilized in radio circuits in a number of ways,
depending upon the results to be achieved. Three distinct classes of amplifier service,
recognized by engineers, are covered by definitions standardized by the Institute of
Radio Engineers. This classification depends primarily on the fraction of input cycle
during which plate current is expected to flow under rated full-load conditions. The
classes are Class A, Class B, and Class C.

A Class A amplifier is an amplifier in which the bias and exciting grid voltages are
such that the plate current through the tube flows at all times. The ideal Class A
amplifier is one in which the alternating component of the plate current is an exact
reproduction of the form of the input signal, and the plate current flows during the
360 electrical degrees of the cycle. The characreristics of a Class A amplifier are low
efficiency and output.

A Class B amplifier is an amplifier in which che grid bias is approximately equal
to that required to cut off the plate current to approximately zero when no exciting
grid volrage is applied, so that the plate current in a tube flows during approxi-
mately one-half of each cycle when an exciting grid voltage is applied. The ideal
Class B amplifier is one in which the alternating component of plate current is an exact
replica of the input signal for the half-cycle when the grid is positive with respect
to the bias voltage and the plate current flows 180 electrical degrees. The character-
istics of a Class B amplifier are medium efficiency and output.

A Class C amplifier is an amplifier in which the grid bias is appreciably more than
necessary to cut off the plate current to zero when no exciting grid voltage is present,
so that the plate current flows in a tube for appreciably less than one-half of each
cycle when an exciting grid voltage is present. At the present time Class C amplifier
application is confined to radio transmission where high plate circuit efficiency is a
paramount requirement and where departures from linearity between input and ourput
are permissible. The characteristics of a Class C amplifier are high plate circuic
efficiency and high power output.

[t is sometimes convenient to have terms to identify amplifier services when tubes
are operated under conditions intermediate to those of Class A and Class B, or to those
of Class B and Class C. The proposal has been made that such conditions be classi-
fied as Class AB and Class BC, respectively. It is sometimes also of interest to know

. . y ..
whether grid current is expected to flow under rated full-load conditions. The pro-
posals follow:

(1) A Class AB amplifier is onc in which the bias and exciting grid voltages are such that the plate curren
flows during appreciably more than 180 electrical degrees yet less than 360 electrical degrees of the cycle.
"I'bis has also been called Class “A prime.” The characteristics of a Class AB amplifier are efliciency and out-

put intermediate between a Class A and a Class B amplifier. The idle plate current and attendant dissipation
may be made substantially less than is possible with Class A amplifiers,

(2) A Class BC amplifier is an amplifier in which the bias and exciting grid voltages are such that the
plate current flows during less than 180 clectrical degrees and yet for a considerable part of the cycle. The
characteristics of a Class BC amplifier are efficiency and output intermediate between a Class B and a Class C
amplifier. Class BC amplifiers are not in general use.

(3) To denote that grid current does not flow during any part of the input cycle, add the suffix 1 to the
letter or letters of the class identification. The suffix 2 is used to denote that grid current flows during some
part of the cycle.

For radio-frequency amplifiers which operate into a selective tuned circuit, as in
radio transmitter applications, or under requirements where distortion is not an
important factor, any of the above classes of amplifiers may be used, either with a
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single tube or a push-pull stage. For audio-frequency amplifiers in which distortion
is an important factor, only Class A amplifiers permit single-tube operation. In this
case, operating conditions are chosen so that distortion is kept below the conventional
59, for triodes and the conventional 7-109 for tetrodes or pentodes. Wicth Class A
amplifiers, reduced distortion with improved power performance can be obtained by
using a push-pull stage for audio service. With Class B amplifiers, a push-pull stage
is required for audio service.

As a Class A voltage amplifier, a radio tube is used to reproduce grid voltage
variations across an impedance or a resistance in the plate circuit. These variations
are essentially of the same form as the input signal voltage impressed on the grid, bur
of increased amplitude. This is accomplished by opetrating the tube at a suitable grid
bias so thart the applied grid-input voltage produces plate-current variations proportional
to the signal swings. Since the voltage variation obtained in the plate circuit is much
larger than that required to swing the grid, amplification of the signal is obtained.
Fig. 4 gives a graphical illuscration of this method of amplification and shows, by
means of the grid-voltage vs. plate-current characteristics, the effect of an input signal
(S) applied to the grid of a tcube.  {O) is the resulting amplified plate-current variation.
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Fig. 4 Fig. 5

The plate current flowing through the plate-load resistor (R) of Fig. 5 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage
varjation produced in the load resistor to the grid-input voltage is a measure of the
voltage amplification, or gain, of the tube stage. This ratio is not the same as the
amplificarion factor of the tube, but is determined by the combined effects of plate
resistance, load resistance or impedance, and the amplification factor. The value
depends on a number of factors. The load resistance required is the effective value.
For example, in a resistance-coupled amplifier using a high resistance in the plate cir-
cuit, the effective value is also dependent on the resistance of the associated grid cir-
cuit of the next stage. The volcage amplification per stage due to the tube is expressed
by the following convenient formulae:

Amplification factor X Plate load resistance

Voltage Amplification = =
Plate load resistance 4 Plate resistance

Mutual conductance in micromhos X Plate resistance X Plate load resistance

1000000 X (Plate resistance + Plate load resistance)

In cthe first formula, load resistance and plate resistance values should be expressed
in the same units, either ohms or megohms. In the second formula, they must be
expressed in ohms.

These formulae apply equally well to all types of amplifier tubes  If the load resist-
ance is made increasingly larger, the voltage amplification per stage approaches the
amplification factor of the tube as a limiting value. Fig. 6 shows that voltage
amplification, or gain, increases with larger loads. Since increasing the size of the
load resistor lowers the available plate voltage due to the drop through the resistor, the
plate-voltage swing obtainable is likewise reduced. This drop may be avoided by
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replacing the resistor with an inductance. An inductance can be designed to have
a high impedance to the signal and also to have a low resistance to direct currenc.  The
inductance, depending upon circuit requirements, may be an air-core coil, an iron-core
choke, or a transformer primary.

10] —
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Fig. 6

The method of applying the input signal to the grid is important. If the grid of
the tube in operation does not go positive, it is possible to use an input circuit of high
impedance, since the grid-input impedance of radio tubes is very high as long as the
grid bias is negative. If an input transformer is used, the secondary impedance is
made as high as other design conditions permit. In resistance-coupled circuits, the
grid resistors usually range in value from 4 to 2 megohms, depending upon the type
of tube and che circuit. Too high a resistance may result in instability, while too low
a value of grid resistance may result in low gain. The most suitable value will usually
be determined by experiment.

A super-control amplifier tube is a modified construction of a screen grid type and
is designed to reduce modulation-distorcion and cross-modulation in radio-frequency
stages. Cross-modulation is the effect produced in a radio receiver by an interfering
station ‘‘riding chrough’’ on the carrier of the station to which the receiver is tuned.
Modulation-distortion is a distortion of the modulated catrier and appears as audio-
frequency distortion in the output. This effect is produced by a radio-frequency am-
plifier stage operating on an excessively curved characteristic when the grid bias has
been increased to reduce volume. The offending stage for cross-modulation is usually
the first radio-frequency amplifier, while for modulation-distortion, the cause is usually
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the last intermediate-frequency stage. The characreristics of supet-control types are
such as to enable the tube to handle both large and small input signals with minimum
distortion over a wide range. This feature is obtained by a special tube struccure
which makes possible variation in amplification factor with a change in grid bias. A
cross-section of the structure of a typical super-control tube is shown in Fig. 7. This
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type differs from other screen grid rubes chiefly in the construction of the control grid
which is wound with coarse spacing at the middle and close spacing at the ends.
When weak signals and low grid bias are applied to the tube, the effect of the non-
uniform turn spacing of the grid on cathode emission and tube characteristics is essenti-
ally the same as for uniform spacing. As the grid bias is made more negative to
handle larger input signals, the electron flow from the sections of the cathode enclosed
by the ends of the grid is cut off. The plate current and other tube characteristics are
then dependent on the electron flow through the coarse section of the grid. This
action changes the gain of the tube so that large signals may be handled with minimum
distortion due to cross-modulation and modulation effects. Fig. 8 shows typical
grid-voltage vs. plate-current curves for a screen-grid and a super-control tube, respec-
tively. It will be noted cthat while the curves are alike at small grid-bias voltages, the
plate current of the super-control tube drops quite slowly with large values of bias
voltage. This slow change makes it possible for the tube to handle large signals satis-
factorily. Since super-control types can accommodate large and small signals, they
are particularly suitable for use in sets having automatic volume control.

As a Class A power amplifier, a radio tube is used in the output stage of radio
receivers to supply relatively large amounts of power to the loud speaker. For this
application, large power output is of much greater importance than high-voleage
amplification, so that gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Power tubes of the triode type in Class A service
are characterized by low power-sensitivity, low plate-power-efficiency, and low dis-
torcion. Power tubes of the pentode type are characterized by high power-sensitivity,
high plate-power-efhciency, and relatively high distortion.
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A Class A power amplifier is also used as a driver to supply power to a Class B
output stage. Eicher triodes or pentodes as driver tubes may be used, buc triodes are
usually preferable since they produce less distortion.

Either push-pull or parallel operation of power tubes may be employed with Class
A amplifiers to obtain increased output. The parallel connection (Fig. 9) provides
twice the output of a single tube with the same value of grid-signal voltage. The
push-pull connection (Fig.10) requires twice the input-signal voltage, but has, in addi-
tion to increase in power, a number of important advantages over single-tube opera-
tion. Distortion due to even-order harmonics and hum due to plate-supply-voltage
fluctuations are either eliminated or decidedly reduced through cancellation. Since
distortion is less chan for single-tube operation, appreciably more than twice single-
tube output can be obtained by decreasing the load resistance. For the same reason,
economy of operation can be obtained by increasing the grid bias beyond the single-tube
value and proporcionately increasing the input signal.

Operation of power tubes so that the grids run posicive is inadvisable except under
conditions such as are discussed later in this section for Class B amplifiers.

Power amplifier output for triodes as Class A amplifiers can be calculated without
serious error from the plate family of curves by assuming a resistance load. The
proper plate current, grid bias, and optimum load resistance, as well as the per cent
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second harmonic distortion, can also be determined. The calculations are made
graphically and are illustrated by Fig. 11 for given conditions. The procedure is as
follows: A straight line XY is drawn through the point P on the plate family of
curves. This point is determined by the tentatively chosen values of plate voltage
and plate currene.  The slope of the line XY corresponds to the value of load resistance
tentatively chosen. The slope of XY is determined by adjusting a line through P so
that the voltage value (at the intersection of the line with the zero-current axis)
divided by the current value (at the intersection of the line with the zero-volcage axis)
gives the desired trial load resistance. A more direct method is to draw any convenient
line AB having the proper slope, and then to draw XY parallel to it and through P.
To draw AB, choose any convenient voltage value on the zero-current axis. A line
drawn through this point and given the proper slope must intersect the zero-voltage
axis at a current value equal to the chosen voltage divided by the chosen resistance value.

In calculating power output, it is assumed that the peak alternating grid voltage is
sufficient to swing the grid from the operating-bias value to zero bias on the positive
swing and to a value twice the fixed bias on the negative swing. Identifying che
maximum and minimum values of plate voltage and plate current for the grid-voleage
swing as E max., E min., | max., | min., the power output is given by the formula:

(I max. — [ min.) X (E max. — ¥ min.)
8

I{ E is in volts and I in milliamperes, power output is in milliwatts.

Power Output =

Per cent second harmonic distortion is given by the following formula in which
Io is the trial value of d-c plate current.
I max. 4 I min.

2
Per cent 2nd Harmonic Distortion = —48 ——————— X 100
I max. — I min.

Example: Determine the undistorted
power output of a 3-electrode tube at
a plate voltage of 250 volts, a plate
current of 34 milliamperes, a negative
grid voltage of 50 volts and a plate
load of 3900 ohms; given the plate
characteristic curves as shown.

PLATE MILLIAMPERES
w
S

Procedure: Draw through point (P)
o which represents  proposed operating
conditions, line XY with slope cor-
responding to 3900 ohm load. 'This
may be done by drawing XY parallel
to line AB. 'The linc AB is drawn be-
tween point (M) at 250 volts and zero
0 130 258 360 current, and point (Q) at zero volts and
PLATE VOLTS current equal to 250 volts divided by

plate load of 3900 ohms, i.e., 250 =3900

Fig. 11 = (1.064 ampere or 64 milliamperes.

Substituting values from curves in above power formula:

(66—7) X (360-130)

Power Qutput = ————————— = 1700 milliwatts
8
Substituting values from curves in above distortion formula:
0.066 - 0.007
— — 0.034
2nd Harmonic Distortion = o % 100=4.29,
0.066 — 0.007

It is customary to make the final seleccion of load resistance such that the dis-
tortion as calculated above does not exceed 5 per cent, a value which experience has
shown to be permissible. Several approximations of load resistance may be neces-
sary to obtain the optimum value for the trial value of plate current. Ordinarily,
the plate load resistance for optimum conditions is approx1mately equal to twice
the plate resistance.
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To check the trial plate current, calculations should be made for d-c plate cur-
rents above and below the trial value. The most suitable value with its correspond-
ing grid bias can then be selected, unless the value is higher than that recommended
for the tube. In chis event the maximum permissible value is chosen.

Class B power amplifiers for audio applications are of much interest where
large power output is required. In Class B service the tube is operated so that the plate
current is relatively low with no grid excitation. When a signal of sufficient magni-
tude is applied to the grid, chere will be no plate-current flow over a substantial parc
of the negative half-cycle. In other words, plate current flows only during the least
negative excursions of the signal voltage. A considerable amount of second and higher
even-order-harmonic distortion is thus introduced into the power outputr of a single
tube. However, with two tubes in a balanced push-pull circuit, the even harmonics
are eliminated from the power output. In such a circuit, therefore, two tubes may be
employed as Class B amplifiers to supply virtually undistorted ourpur. Certain types
such as the 19, 53, and 79 combine in one bulb two Class B amplifier triodes, so that
only one tube is required for the last audio stage.

In Class B service it is possible to drive the grids of the two amplifier tubes positive
by a certain amount and still obtain reasonably undistorted output, provided sufficient
input power is available to supply the grid current required by the grids when positive.
This power is conveniently supplied by a Class A power amplifier feeding the grids
of the output tubes through a push-pull transformer having the proper characteristics.
Usually this transformer has a step-down ratio.

By designing Class B amplifier tubes with a sufficiently high amplification factor,
it is possible to operate them with zero grid bias, and so dispense with biasing resistors
whose effect would be to produce considerable loss in sensitivity because of degenera-
tion. Since provision for grid bias is unnecessary with such tubes, the entire voltage
of the rectifier is available for plate supply.

Distinguishing features of this class of service are that very high output of good
quality may be obtained with fairly small tubes operating at relatively low plate
voltage; and that unusual overall economy of power consumption is possible because
the plate current is low when no signal is applied to the grid. To give these advantages,
the Class B amplifier circuit requires the use of two tubes in a balanced output stage
preceded by a driver stage capable of delivering considerable undistorted power, and
the use of a power supply capable of maintaining good voltage regulation regardless
of the variation of average plate current with signal intensity. It should be noted
thae the distorcion present in the power output of Class B amplifiers is usually some-
what higher for the ordinary range of signals than that obrained with Class A audio
amplifiers employing much larger tubes capable of the same maximum power output.

The d-c plate current required in Class B circuits fluctuates under normal operating
conditions. The power supply, therefore, should have
good regulation to maintain proper operating voltages pyNaMIC TRANSFER CHARACTERISTICS
regardless of the current drain. For this purpose, a suitably 253 B QPERATION
designed power-unit should be employed. The recrifier | SuB50HEAS A
tube should have reasonably good regulation over the
operating range. In some circuit designs, a vacuum type t
of rectifier tube can be used, while in others a mercury-
vapor type may be needed to provide the required regu-
lation. As a factor in obraining good regulation, the
fileer chokes and the transformer windings should have low
resistance. In the design of a power supply for a Class B
amplifier, consideration should be given to economical
distribution of losses. Also, the power supply should be

$0
GIRATIO REFERRED
,@- TO ONE SIDE OF
PRUIMARY

designed to take care of the average power requirements z
with sufficient regulation to meet the peak-power demands.  [Tude v/ /Ta.2
The grid (or grids) of a Class B amplifier tube is ope- mﬁ
rated sufficiently positive to cause grid current to flow in . Y
its input circuit. This feacure imposes a furcher require- c ,./ wa
ment on the preceding amplifier stage which must supply 5 <3
3

not only the necessary input volrage to the outrpur stage,

but it must be capable of doing so under conditions where =~ 'NSTANTANEOUS GRID VOLTS(ec, )
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appreciable power is taken by the grid of the Class B amplifier tube. Since the power
necessary to swing the grid positive is partially dependent on the plate load of the Class
B tube, and since the efhciency of power transfer from the preceding stage is dependent
on transformer design, it is apparent that the design of a Class B audio power amplifier
requires that more than ordinary atrention be given to the effects produced by the
component parts of the circuit. For this reason, the design of a Class B audio
amplifier wich its driver stage is somewhat more involved than for a Class A system.

In the design of Class B amplifiers, the interstage transformer is the link inter-
connecting the driver and the Class B stage. It is usually of the step-down type,
that is, the primary input voltage is higher than the secondary volrage supplied
to the grids of the power outpur tubes. Depending upon conditions, the ratio of the
primary of the interstage transformer to one-half of its secondary may range between
1.5t0o1 and 5.5 to 1. The transformer step-down ratio is dependent on the follow-
ing faccors: (1) Type of driver tube, (2) Type of power tube, (3) Load on power tube,
(4) Permissible distortion, and (5) Transformer efficiency (peak power).

The primary impedance of the interstage transformer is essentially the same as if
the transformer were to be operated with no load, that is, into an open grid. Since
power is transferred, the rtransformer should have reasonable power efficiency. It
should be noted that the power output and distortion are often critically dependent
upon the circuit constants, which should therefore be made as nearly independent
of frequency as possible. This applies particularly to the interstage coupling trans-
former and to the loudspeaker. Since it is difficult to compensate for leakage reactance
of the coupling transformer without excessive loss of high-frequency response, the
leakage reacrance of this transformer should be as low as possible.

The type of driver tube chosen should be capable of handling sufficient power to
operate the Class B amplifier stage. Allowance should be made for transformer
efficiency. It is most important, if low distortion is desired, that the driver tube be
worked into a load resistance higher than the normal value for optimum power
output as a Class A power amplifier, since distortion produced by the driver stage as
well as the power stage will be present in the output.

RECTIFICATION

The rectifying action of a tube is briefly described under DIODES, page 3.
After an alternating voltage has been recrified by a diode and before the output can be
used as a d-c high-voltage supply for a radio receiver, a filter circuit must be employed
to smooth out the voltage Huctuations. The filter circuit generally consists of con-
densers, iron-core chokes, and the load. The chokes are in series with the load and
offer a high impedance to the pulsaring or ripple voltage. The condensers are in
parallel with the load and act to store energy on the voltage peaks. This energy is
released on the voltage dips and serves to equalize the output voltage. Filters may be
of either a condenser-input or choke-input type.

CHOKE-INPUT TYPE FILTER CONDENSER-INPUT TYPL FILTER CONDENSER FILTER
o—TTT0™ o — — T

L L J L
INPUT INPUT INPUT

¢ c 3 <
FROM . . FROM - FROM -
RECTW¥IER T T ouTPuT RECTIIER hilasiad rectrer . OUTVT

TUBE TUBE TUBE

L=FILTER CHOKE C=FILTER CONDENSER

Fig. 12

If an input condenser is used, consideration must be given to the instantaneous peak
value of the a-c input voltage. The peak value is about 1.4 times the RMS value
as measured by an a-c volumeter. Filter condensers, therefore, especially the input
condenser, should have a raring high enough to withstand the instantaneous peak
value, if breakdown is to be avoided. When the input-choke merhod is used, the
available d-¢ output voltage will be somewhat lower than with the input-condenser
method for a given a-c plate voltage. However, improved regulation together with
lower peak current will be obtained.
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A half-wave rectifier and a full-wave rectifier circuit are shown in Figs. 13 and 14,
respectively. The full-wave form rectifies both halves of an alternating voltage, so
that outputs of each half-cycle are supplied alternately to the filter circuic. This
action occurs at twice the line frequency and thus makes filtering and regulation prob-
lems simpler to handle than for the half-wave circuit. Further rectifier operating
informartion and circuits are given under each rectifier tube type and in the CIRCUIT

SECTION.

HALF-WAVE RECTIFIER FULL- WAVE RECTIFIER
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Fig. 13
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A woltage-doubler rectifier circuit of simple form is shown in Fig. 15. The d-c
voltage output of chis circuit is approximately twice that obtainable from a half-wave
rectifier operated on the same a-c volrage supply. In Fig. 15, ewo diodes are shown
connected to two condensers. One diode is reversed electrically with respect to the
other. This arrangement provides rectification of each half-cycle of the a-c supply.
Furthermore, during the period that one diode is recrifying, the condenser across the
other diode is discharging through the load and the conducting diode. As a resule,

TYPE
L 2525
DIODE ==c
o (A F
c 1ov. f 2
= RMS R 7 e
INPUT FVWA— ot
OQUTPUT
A-C b—C
SUPPLY OUTPUT ¢
VOLTAGE, =c
DIODE ©
i c
R=HEATER VOLTAGE REDUCING RESISTOR
I C=FILTER CONDENSER
Fig. 15 Fig. 16
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the volcage across the load is the sum of the d-¢ output voltage of the conducting tube
and the discharge voltage of the condenser. Since the total d-c¢ voltage across the
load, therefore, is approximately twice the d-c voltage obtainable from a half-wave
rectifier, this circuit is called a voltage-doubler. Like a full-wave rectifier circuit,

filtering is simpler, since the doubler circuit gives an output having a ripple frequency*

twice that of the supply line. A tube specially designed for voltage-doubler require-
ments is the 25Z5. It contains in a single bulb two separate diodes of the heater-
cathode type. Fig. 16 shows a circuit diagram employing this tube as a voltage
doubler.

DETECTION

In radio-broadcast transmission, the radio-frequency catrier wave is modulated
by the microphone pick-up at the studio. In reception, the operation of separating
the audio component (speech and music) from the r-f wave is known as demodulation,
or detection. The effect of modulation at the trans-
mitter is to vary the amplitude of the carrier wave in
proportion to the audio-input variations. Since the
carrier wave is alternating, it may be considered to
consist of two halves, a positive half and a negative
half. Each of these halves is affected equally by the
audio modulation. Unless a detector is used, the
audio component in one-half of the carrier wave is
continuously offset by the audio component in the ;
other half of the wave at a rate equal to the carrier :
frequency, a frequency much too high to affect any !
audio system. If, however, one-half of the carrier X
wave can be eliminated, the audio variations in the
other half of the carrier may be utilized to operate a
pair of headphones or a loudspeaker (Fig. 17).

The elimination (either partially or completely) of the neutralizing effect of one-
half of the carrier wave is the function of the detector. It rectifies che carrier—permits
a greater flow of current on the one-half than on the other half of the carrier wave—
and extracts from the rectified output, the audio component or signal. The high-
frequency radio component is usually by-passed from the plate circuit of the detector
tube by means of a small condenser, while the audio component is fed to the audio-
amplifier stage.

Three different methods of detection with radio tubes are commonly employed.
These are known as the diode method, the grid-bias method, and the grid leak and
condenser method.

The diode method makes use of the rectifying action of the diode. Although the
diode does not amplify, its operating characteristics make it particularly suitable as a
detector when freedom from distortion is desired. This suitability is due to the relacive-
ly low resistance of the diode in the direction of current flow and the consequent
convenient size of the load resistance necessary to give the approximate linearity of the
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dynamic characreristic required for low-distortion detecting action. Fig. 18 shows a
half-wave diode detector circuit. The audio signal voltage is developed across the
load resistance (R).

Two diodes may be used for full-wave rectification or their plates may be con-
nected in parallel (with decreased tube resistance) for half-wave rectification. With
full-wave rectification, the circuit may be balanced for carrier input so that no carrier
frequency is supplied to the grid of the following amplifier and no carrier-frequency
filtering is theoretically necessary. Half-wave rectification as compared with full-
wave rectification provides approximately twice the signal output but requires carrier-
frequency filtering. Figure 19 illustrates full-wave diode detection by means of a
duplex-diode triode type, such as the 55. The two diodes are used as a full-wave
detector feeding the triode unit as an audio amptifier. The triode is biased by the drop
across R. This is known as ‘‘diode biasing’’ but is practical only when sufficient
resistance is in the plate circuit of the triode unit to prevent excess plate current when
the voltage across R drops to zero under conditions of no r-f input. If extremely
strong signals are received with this circuir, the bias on the triode may be carried to
cut-off. In general, the amplifier unit of duplex-diode types can be utilized just as
though it were a separate tube.

GRID LEAK

R-F CHOKE

GRID
CATHODE
BIAS CONDENSER
RESISTOR = .
BY-PASS
% R-F BY-
INPUT CONDENSER INPUT PASS CON- | oUTPUT
DENSER

BY-PASS

CONDENSER

FILAMENT A At 8+
TRANSFORMER 8-
Fig. 20 Fig. 21

The grid-bias method of detection makes use of a tube which is operated with a
grid bias such that the plate current with no signal is practically zero. The bias may
be obtained from a cathode resistor (self-bias method), a C-battery, or a bleeder
circuit. When a signal is applied to the grid, rectification of the carrier occurs in the
plate circuit, since only the positive half is amplified. The grid does not draw current
with grid-bias detection, so the load on the input circuic is negligible. This is a
desirable feature. Fig. 20 illustrates this circuit.

The grid leak and condenser method is somewhat more sensitive than che grid-
bias method and gives its best resules on weak signals. This method uses a grid leak
and condenser in the grid circuit (as shown in Fig. 21). The grid leak regulates the
grid bias to obtain rectification in the grid circuit while the condenser ofters a low-
resistance path to the grid for the radio-frequency input. The grid-leak-condenser
method draws grid current and like the diode method places a load on the input
circuit. Alchough a high value of grid resistor gives greatest selectivity and sensitivicy,
improved tone and stability are obtained with lower values.

AUTOMATIC VOLUME CONTROL

Automatic control of receiver volume generally utilizes a rectified voltage which
is dependent on a radio-frequency or intermediate-frequency carrier signal. This
voltage is utilized to regulate the gain of the r-f and/or i-f amplifier stages so as to
maintain essentially constant-carrier input to the audio detector. The regulation of
amplifier gain by means of the rectified voltage may be accomplished by a number of
methods, differing chiefly in the means of applying the voltage to the various electrodes
of the amplifier tubes. For example, the control voltage mighr be applied to the
suppressor, plate and/or screen of an r-f pentode. A more familiar method is chat in
which the control voltage is applied to the grid of che r-f amplifier. In Fig. 18, current
flows from plate to cathode, through R back to LC. This places the cathode end of
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load resistor (R) at positive potential and the opposite end at negative potential.
Negative voltage for biasing the grids of the r-f amplifiers may be obrained from the
negative end of this resistor.

Assume that, for a given signal, the voltage drop across R is sufficient to bias the
controlled tubes to a sensitivity consistent with desirable reception volume. A de-
crease in r-f signal input causes a decrease in voltage drop across R.  This automarically
lowers the bias on the controlled tubes so that the sensitivity of the receiver increases
to maintain normal volume. Conversely, a stronger input signal increases the voltage
drop across R, biases the control tubes more negatively so that the receiver sensitivity
decreases to hold the receiver output at normal volume. This action is known as

automatic-volume-control, or a.v.c.

pp— The a.v.c. circuit just described starts to

function as soon as any signal is received.

acr on Icis sometimes desirable to dela'y thg c9ntrol

1=F ac action until a signal of a certain nimimum
NPUT /] amplitude is teceived. This is accomplished

- by applying a negative d-c voltage to the

R —Fd o diode plate. In Fig. 22, a 10-volt value is

ol shown. Under this condition, the positive

< c2 swing of the peak signal must be slightly

— more than 10 volts before diode current

flows in the circuit. Since a.v.c. action is

o e oR 1= ] delayed until a certain minumum signal is
AMPLIFIER GAIN CONT ROL received, this system is known as delayed

Fig. 22 a.v.c., or d.a.v.c.

AUTOMATIC NOISE SUPPRESSION

Automatic suppression of receiver noise is generally accomplished by ucilizing the
rectifying action of a detector tube to supply control voltage to a separate control tube
arranged so that the audio-frequency amplifier stages are cut out until a desired carrier
signal is fully tuned in. This effect may be obtained by a change in voltage on control,
screen, or suppressor grid of the audio-frequency amplifier tube. The use of the control
grid is probably preferable, since the voltage required for the control operation is
small and the current required for the desired voltage change is extremely small. The
control tube is known as the noise-suppression-control tube, n.s.c. tube, Q tube, or
squelch tube. Amplification of detector output occurs when a carrier is tuned in;
attenuation occurs due to ‘‘cut-off”’ and zero mutual conductance when the carrier
input is lacking or small. Fig. 23 illustrates a simple scheme of securing automatic
noise suppression when using a diode detector (V,); a triode n.s.c. tube (V,); and a
controlled amplifier tube (V,).

Ca
Il
TOGRD
OF AUDIO
R-F OR c AMPLEIER
I—F =
INPUT

R3

Fig. 23

When no signal is present in the input transformer, no plate current flows through
V,. There is no bias voltage applied to the grid of V,, so maximum plate currenc
flows through R,. The voltage developed across R, biases V3 to cut-off so that it
cannot amplify. The audio stages of the receiver are thus suppressed. When a signal
voltage is developed across the input transformer, plate current flows through V.
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D-c and a-f voltages are produced across R. The d-c voltage is applied as negative
bias to cut off V,. There is then no voltage drop across R, so V; operates with mini-
mum fixed bias. V; then functions as a regular amplifier for the a-f voltage applied
through C, from R.

Fig. 24 shows a circuit employing the 55 and 57 arranged to take advantage of the
combined features of diode detection, d.a.v.c., and n.s.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; diode B is
the detector. The triode is the n.s.c. unit. When a carrier signal is applied across the
input transformer, plate current flows from diode A through R and R, back to A.
The bleeder resistor (R) provides a negative bias of 14 voits to A in order to obtain
delayed a.v.c. A.v.c. voltage is obtained across R, when the peak signal is slighcly
greater than 14 volts. At the same time, B also passes plate current which causes a
drop through the diode-load resistors (R; and R,) to provide negative d-c bias for the
55 triode and a-f voltage for the 57 a-f amplifier. Under signal conditions, the 55
triode is biased to cut-off. No current flows through load resistor R, so that the 57
operates at maximum plate current—limited of course by the minimum bias supplied
by the bleeder R;. Under chis condition, the 57 amplifies the a-f voltage from diode
B and passes it on to the audio-frequency stages.

N.SC. AND DAN.C. CIRCUIT

CLOSE- TYPE 55 100 TYPE 57 ug
COUPLED BLy pa
PRIMARY OUTPUT
P [
-F {4 '—;_]_ bosut.
INPUT J" I ;1
B+ 0.50 .
"
L]
AMC. Q250 0.000IHf |
[ |
0.50%RI 0.0t if.
14V: ] / V.
AW
I .r-_- R R7 l

B 1= MEGOHM

Fig. 24

When no carrier signal is present in the input transformer, no plate currenc flows
through diodes A or B. There is no a.v.c. action since diode B is biased 14 volts
negative. Under such conditions, maximum plate current flows through R, causing
cut-off of the 57. With the indicated volrages, plate current cuc-off occurs at about —7
volts on the grid. No amplification of the audio signal occurs and cthe audio-frequency
amplifier tubes receive no a-f voltage. Thus, the audio system is suppressed and no
sound is heatrd from che loudspeaker.

For small degrees of detuning under conditions of signal input, the n.s.c. circuic
will not function to suppress audio amplification until the a.v.c. circuit no longer acts
to maintain the decector input constant. Thus, while noise suppression is obtained
effectively when the receiver is considerably deruned, there is a tendency for some noise
and carrier hiss to be heard when tuning is at or near the side-band limits. This makes
it desirable to reduce the delay in noise suppression control to 2 minimum.

To obtain this, the a.v.c. tube and the n.s.c. tube must be controlled by signal
voltages obtained from separate inputs, and for a small amount of detuning, the signal
actuating the n.s.c. tube must be reduced more sharply chan thac supplying the a.v.c.
tube. One convenient method is shown in Fig. 24. The overall selectivity at che
secondary (L) of che input transformer is greater than at the secondary (L,), so
that, when decuning, the signal on diode B is reduced to a greater extent than the
signal on diode A. The selectivity of the secondary (I.;) is less chan that of L, because
L, is more closely coupled to the primary (L;). This arrangement can be utilized to
provide the desired suppression appreciably before the a.v.c. action increases the receiver
sensitivity to maximum.
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OSCILLATION

As an oscillacor, a radio tube can be employed to generate a continuously alternating
voltage. In present-day radio broadcast receivers, this application is limited practically
to superheterodyne receivers for supplying the heterodyning frequency. Several
circuits (represented in Fig. 25) may be urilized, but they all depend on feeding more
energy from the plate or output circuit to the grid or input circuit than is required to
equal the power loss in the tube. Feed-back may be produced by electrostatic or

<«— Tig. 25 —>

8- HEATER B+
TRANSFORMER

electromagnetic coupling between the input and output circuits. When sufficient
feed-back occurs to more than equal the tube losses, the tube will oscillate. The
action consists of regular surges of power between the plate and the grid circuit at a
frequency dependent on the circuit constants of inductance and capacity. By properly
choosing these values, the frequency may be adjusted over a very wide range.

FREQUENCY CONVERSION

In a superheterodyne receiver, the tubes and circuits used to generate the local
frequency and to mix it with the incoming radio signal to produce an intermediate
frequency, may be called a frequency-converter device.

* The usual methods employ a mixer tube in which the radio signal and local fre-
quency are applied to the same grid. The local frequency may be generated by a
separate tube or it may be generated within the mixer tube. These methods generally
depend on coupling the oscillator and mixer circuits by either capacitive or inductive
means.

Another method of interest depends on the electron stream as a coupling agent
instead of reactive coupling. This arrangement offers advantages in eliminating un-
desired intercoupling effects between signal, oscillator, and mixer circuit and in re-
duction of local-frequency radiation. Furthermore, not only simpler circuits can be
utilized, but also freedom from the effects of variation in oscillator voltage can be
obtained. A simple device depending on the electron stream as a coupling agent may
be imagined in which the space current of the mixer tube is modulated by variation in
cathode emission. Conceivably, the cathode current might be modulated by variation
in cathode temperature produced by filament-current variation. Practically, however,
this same effect can be accomplished by placing a grid and a supplementary anode-grid
between the cathode and the control-grid and by using these electrodes in conjunction
with the cathode to accomplish the modulation of the cathode current.

With this latter arrangement, the cathode and the firsc

two grids may be regarded theoretically as a composite

o nea  CAthode which supplies a modulated electron stream. This
emonez modulated cathode-stream may be furcher controlled and
utilized by means of the addition of ocher grids and a
[\ Slate, as for example in the pentagrid converters 2A7

HEATER and 6A7; see Fig. 26. Grid No. 1 is the control grid

Fiz. 26 for the oscillator portion of the tube. Grid No. 2 is

the anode for the oscillacor. Grids No. 3 and No. 5, con-

nected together within the tube, are used to accelerate the electron stream from the

PLATE
GRIDS N2 3
& N2 5

GRID N2l
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cathode. In addition, grids No. 3 and No. 5 electrostatically shield che signal control
grid No. 4 from the other electrodes. This shielding action increases the outputr im-
pedance of the tube—a desirable characteristic from a gain standpoint.

In operartion, the cathode, grid No. 1, and grid No. 2 form the oscillator portion of
the tube. Electrons emitted from the cathode can be controlled in their flow to the
oscillator-anode (grid No. 2) by grid No. 1. The oscillator-grid circuit, therefore, can
be made to oscillate at any desired frequency so that the electron stream, in flowing
through the No. 1 grid, will be modulated at this frequency. This modulated electron
stream comes under the influence of grid No. 3 which is operated at a positive po-
tential with respect to the cathode. As a result, the electron stream is accelerated
toward the plate by this grid. The incoming radio-frequency signal, applied to grid
No. 4, further modulates the electron stream (already modulated at the oscillator
frequency), thus producing components of plate current, the frequencies of which are
the various combinations of the oscillator and signal frequencies. Since the primary
circuit of the first i-f stage is designed for resonance at the intermediate frequency
(equal to the difference between the oscillator and signal frequencies), only the desired
intermediate frequency will be present in the secondary of the i-f transformer.

—— =
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Radio Tube Installation

The installation of radio tubes requires care if high quality performance is to be
obtained from the associated radio circuits. Installation suggestions and precautions
which are generally common to all types of rubes are covered in this section. Careful
observance of these suggestions will do much in helping the experimenter and radio
technician to obrtain the full performance capabilities of radio tubes and circuits.  Addi-
tional and pertinent information is given under each tube type and in the CIRCUIT

SECTION.

FILAMENT AND HEATER POWER SUPPLY

The design of radio tubes allows for some variation in the voltage and current
supplied to the filament or hearer, but most sacisfactory results are obtained from
operation at the rated values.  When the voltage is low, the temperature of the cathode
is below normal with the result thar electron emission is limited. This may cause
unsatisfactory operation and reduced tube life. On the other hand, high filament
voltage causes rapid evaporation of cathode material and shortened life. To insure
proper tube operation, the filament or heater voltage should be checked at the socket
terminals by means of an accurate voltmeter while che receiver is in operation. In
the case of series operation of heaters, correct adjustment can be checked by means of
an ammeter in the heater circuit.

The filament or hearer voltage supply may be a direct-current source (a battery or a
d-c power line) or an alternating-current power line, depending on the type of service
and type of tube. Frequently, a resistor (either variable or fixed) is used with a d-c
supply to permit compensation for battery volrtage variations or to adjust the tube
voltage at the socket terminals to the correct value. Ordinarily, a step-down trans-
former is used with an a-c supply to provide the proper filament or heater voltage.
Receivers, however, intended for operation on both d-c and a-c power lines have the
heaters connected in series with a suitable resistor and supplied directly from tche
power line.

D-c filament or heater operation should be considered on the basis of the
source of power. In the case of dry-battery supply, a variable resistor in series with che
filament and the battery is required to compensate for battery variations. It is also
recommended that an accurate voltmeter or milliameter be permanently installed in
the receiver to insure operation of the tubes at cheir rated filament voltage. Turning
the set on and off by means of the rheostat is advised to prevent over-voltage condi-
tions after an off-period. The voltage of dry-cells recuperates during off-periods.
In the case of storage-battery supply, air-cell-batrery supply, or d-c power supply, a
non-adjustable resistor of suitable value may be used. It is well, however, to check
operating conditions and, thus, the resistor value initially by means of a volemeter
or ammeter. A resistor is not required in some types of service, such as in the opera-
tion of the 2-volt series of tubes on a single storage-cell, and the 6.3-volt series of
tubes from a 6-volt storage battery.

The filament or heater resistor required when heaters and/or filaments are operated
in parallel can be determined easily by a simple formula derived from Ohm’s law

Supply volts — Rated volts of tube type

Required Resistance (ohms) =
Total rated filament current

Thus, if a receiver using three 32’s, two 30’s, and two 31’sis to be operated from dry
batteries, the series resistor is equal to 3 volts (the voltage from two dry cells in series)
minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere (the sum of
5% 0.060 ampere +2X0.130 ampere), i.e., approximately 1.8 ohms. Since this
resistor should be variable to allow adjustment for battery depreciation, it is advis-
able to obrain the next larger commercial size, although any value between 2 and 3
ohms will be quite satisfactory. Where much power is dissipated in the resistor, the
warttage rating should be sufficiently large to prevent overhearing. The power dis-
sipation in watts is equal to the voltage drop in the resistor multiplied by the total
flament current in amperes. Thus, for the example above, 1X0.56=0.56 watts.
In this case, the value is so small that any commercial rheostat having suitable resist-
ance will be adequarte.
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For the case where the heaters and/or filaments of several tubes are operated in
series, the resistor value is calculated by the following formula, also derived from

Ohm’s law.
Supply volts — Total rated volts of tubes

Required Resistance (ohms) =
Rated amperes of tubes

Thus, if a receiver having one 78, one 77, one 43, and one 2575 is to be operated from
a 120-volt power line, the series resistor is equal to 120 volts (the supply voltage)
minus 62.6 volts (the sum of 2X 6.3 volts +2X 25 volts) divided by 0.3 ampere (current
rating of these tubes), i.e., approximately 191 ohms. The wattage dissipation in the
resistor will be 120 volts minus 62.6 volts times 0.3 ampere, or approximately 17.2
watts. A resistor having a wattage rating in excess of this value should be chosen.
It will be noted in the example for series operation that all tubes have the same current
rating. If it is desired to connect in series tubes having different current ratings, tubes
of the lower rarings should have shunt resistors placed across their heater terminals
to pass the excess current. The required series resistor is then calculated on the bass
of the tubes having the highest current rating.

A-c filament or heater operation should be considered on the basis of either
a parallel or a series arrangement of filaments and/or heaters.  In the case of the parallel
arrangement, a step-down transformer is employed. Precautions should be taken to
see that the line voltage is the same as that for which the primary of the transformer
is designed. The line voltage may be determined by measurement with an a-c vole-
meter (0-150 volts).

If the line voltage measures in excess of that for which the transformer is designed,
a resistor should be placed in series with the primary to reduce the line voltage to the
rated value of the transformer primary. Unless this is done, the excess input voltage
will cause proportionally excessive voltage to be applied to the tubes. Any radio
tube may be damaged or made inoperative by excessive operating voltages.

If che line voltage is consistently below that for which the primary of the transformer
is designed, it may be necessary to install a booster transformer between the a-c outlet
and the transformer primary. Before such a transformer is installed, the a-c line
fluctuations should be very carefully noted. Many radio sets are equipped with a line
voltage switch which permits adjustment of the power transformer primary to the
line voltage. When this switch is properly adjusted, the series-resistor or booster-
transformer method of controlling line voltage is seldom required.

In the case of the series arrangement of filaments and/or heaters, a voltage- droppmg
resistance in series with the heaters and the supply lme is usually required. is
resistance should be of such value chat, for normal line voleage, tubes will operate
at their rated heater or filament current. The method for calculating the resistor
value is given above.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes when operated from a.c. should be connected
either to the mid-tap on the heater-supply winding or to the mid-tap of a 50-ohm
(approximate) resistor shunted actoss the winding. This practice follows the recom-
mendation that no bias be applied between heater and cathode, and that the potential
difference between them be kept as low as possible in order to prevent hum in the cir-
cuit. If the use of a large resistor is necessary between heater and cathode in some
circuit designs, it should be by-passed by a suitable filter network or objectionable hum
may develop. In the case of the 6.3-volt heater-cathode types when operated from a
storage batcery, the cathode circuic is tied in either directly or through biasing resistors to
the negative battery terminal. When a series-heater arrangement is used, the cathode
circuits should be tied in either directly or through biasing resistors to the negative
side of the d-c plate supply, which is furnished either by the d-c power line or by the
a-c power line by means of a rectifier.

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes is obrained from batreries, devices for rectifying

, direct-current power lines, and small local generators. Auto radios have caused
the commercial development of a number of devices for obtaining a high-voltage d-c
supply either from the car storage-battery or from a generator driven by the car engine.

—_—24 —



Tue RCA Rapiotron—Cunnincuam Rapio Tuse Manuar

The maximum plate voltage value for any tube type should not be exceeded if most
satisfactory performance is to be obtained. Plate voltage should not be applied to a
tube unless the corresponding recommended grid voltage is also supplied to the grid.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obrained from a separate C-battery, a tap on the voltage divider of the high-voltage
d-c supply, or from the voltage drop across a resistor in the cathode circuit.  This last
is called the “‘self-bias” method, since the cathode currenc of the tube is utilized to
produce the bias voltage. In any case, the object of the connection is to make the grid
negative with respect to the cathode by the specified voltage. With C-bateery supply,
the negative battery terminal is connected to the grid return. The positive battery
terminal is connected to the negative filament socket terminal, or to the cathode terminal
if che tube is of the heater-cathode type. If che filament is supplied with alternating
current, this connection is usually made to the center-tap of a low resistance (20-50 ohms)
shunted across the filament terminals.  This method reduces hum disturbances caused
by the a-c supply. If bias voltages are obtained {rom the voltage divider of a high-
voltage d-c supply, the grid return is tied into a more negative tap than the cathode.

The self-biasing method is accomplished by utilizing the voltage drop produced
by the cathode current flowing through a resistor (Fig. 27) connected between the
cathode and the negative terminal of the B-supply. The cathode current is, of course,
equal to the plate current in the case of a triode, or to the sum of the plate and screen
current in the case of a tetrode—or of a pentode. Since the voltage drop along
che resistance is increasingly negative with respect to the cathode, the required negative
grid-bias voltage can be obrained by connecting the grid return to the negative end of
the resistance.
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Fig. 27

The size of the resistance for self-biasing a single triode can be determined from the
following formula:

Desired grid bias voltage X 1000
Resistance (ohms) = —— I E—
Rated plate current in milliamperes

Thus, the resistance required to produce 9 volts bias for a triode which operates at 3
milliamperes plate cutrent is 9X1000/3=3000 ohms. If the cathode currenc of
more than one tube passes through the resistor, the size of the resistor will be deter-
mined by the total current.  As indicated above for screen grid rubes or pentodes, the
cathode current is the sum of the screeu and the plate currenc.

Grid voltage variation for the r-f amplifier stages is a convenient and frequently
used method for controlling receiver volume., The variable voltage supplied to the
grid is obtained from a bleeder circuit by means of a potentiometer; by the self-bias
method using a variable resistor; or, with automaric volume control (a.v.c.), from a
bleeder circuit by means of changes in bleeder current caused by the a.v.c. tube. In
any case, it is important that the control be arranged so that less than the minimum
recommended grid-bias voltage cannot be applied to the grid.  This requirement may
be met by a stop on the potentiometer, by a fixed resistance in series with the variable
section, or by a fixed cathode resistance in addition to the regulating resistor. See
Figs. 28-30.
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Tig. 28 Fig. 29 Iig. 30

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen of a radio tube is usually obrained from a tap
on the B-supply. For screen grid types of the four-electrode (or tetrode) construction,
the screen voltage should be obrained by connecting the screen either direct to the
proper voltage tap or through a potentiometer connected across the B-supply, but never
through a series resistance to a high-voltage supply. This latter arrangement will notc
usually be satisfactory because of screen-current variations. Tubes of the pentode
construction, however, may utilize the series-resistor arrangement, since this construc-
tion makes possible greater uniformity of the screen-current characreristic. See Fig. 31.

VAR!ABLE
VAVAvAV oY

VARIABLE

s

8+ A+ A- B- B+

Fig. 31 Fig. 32

Screen voltage variation for the r-f amplifier stages is sometimes used for volume
control of the receiver. Reduced screen voltage lowers the mutual conductance of the
tube and results in decreased gain per stage. The voltage variation is obtained by
means of a potentiometer shunted across the screen voltage supply. See Fig. 32.

SHIELDING

Circuits employing tubes having high-gain capabilities, particularly screen grid
types, require shielding by mertal enclosures if stable operation and high-gain per stage
is to be obtained. In multi-tube r-f amplifier circuits, it is necessary to shield completely
and effectively each stage and to include within the stage shield the coupling device.
Unless the coils and condensers of the various stages are shielded from each other, the
amplification possibilities of the tubes and their circuits cannot be realized.

FILTERS

Since coupling between stages can occur not only from interaction of stage-coupling
devices, but also from a common voltage-supply circuir, it is advisable to employ
filters in all voleage-supply leads entering the stage shields. A filter, in order to be
effective, should have a high impedance to the frequencies handled by the stage. Radio-
frequency filters require the use of high-grade by-pass condensers for most satisfactory
results.  See Fig. 33 for various filter arrangements. Arrangements A and B are
recommended where the current is small. Arrangements C and D are preferable for
larger currents where voltage regulation is important.
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OUTPUT-COUPLING DEVICES

An output-coupling device is used in the plate circuit of a power output tube to keep
its comparatively high d-c plate current from the winding of an electro-magnetic
speaker and, also, to transfer power efficienctly from the output stage to a loudspeaker
of either the electro-magnetic or dynamic type.

RESISTOR RESISTOR PLATE _1__®
To
INPUT LOUDSPEAKER
B+
< [+
¢ OUTPUT TRANSFORMER
R-F CHOKE R-F CHOKE 2-6Mf, BY-PASS

TWFU-NT PLATE CONDENSER
10-30 H.
c < c

CHOKE
©= =
c=BY~

PASS CONDENSEI

LOUDSPEAKER

o

CHOKE=COIL METHOD

Fig. 33 Fig. 34

Output-coupling devices are of two types, (1) choke-condenser and (2) cransformer.
The choke-condenser type consists of an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke offers
a very low resistance to the d-c plate current component of the signal voltage but
opposes the flow of the fluctuating component. A by-pass condenser of 2 to 6 uf
supplies a path to the speaker winding for the signal voltage. The transformer type
is constructed with two separate windings, a primary and a secondary wound on an
iron core. This construction permits of designing each winding to meet the require-
ments of its position in the circuit. Typical arrangements of each type of coupling
device are shown in Fig. 34. Examples of transformers for push-pull stages are

shown in several of the circuits given in the CIRCUIT SECTION.

Assembling Radio Tubes
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Radio Tube

(1) Stem Making—Metal jaws automatically press the
molten glass around the lead-in wires to form an air~tight
seal, or press.

(2) Insulating Heater Wires—Tiny heater filaments,
freshly coated with insulating material are heated in
extremely high-temperature furnaces to insure perma-
nent insulation from the cathode sleeve.

(3) Assembling External Screems—Powerful presses
gauge and mechanically unite external- and top-shield
into one unit.

(4) Spot Welding—Every electrical connection inside
of a radio tube is welded. This insures high electrical
conductivity.

. (5) Bulb-making Machine—Drawing molten glass auto-
g 5‘ matically from an adjacent furnace, this mechanical giant
shapes radio tube bulbs with amazing rapidity.



Manufacture

.

(6) Cementing Bases—A base is lined with special ce-
ment and placed on the tube. The assembly passes
through a rotary oven to set the cement.

(7) Bulb-sealing and Exhausting —This machine seals
the bulb to the stem. The atmosphere is then drawn from
the bulb by highly efficient pumps.

(8) Capping Screen-grid Tubes—The tiny cement-lined
metal caps are placed over the grid-connection scal of the
bulb. The bulb is rotated through an oven to fasten the
cap firmly to the glass.

(9) Seasoning Tubes—The tube, before final inspection,
is placed on a “‘seasoning” rack where it is operated for a
length of time sufficient to stabilize its characteristics.

(10) AnlInspectingOperation—Accurate instruments are
used for inspection tests which include short- and open-
circuit checks as well as plate current, cathode activity
(emission), a-c output, gas, and leakage mecasurements.

10
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RCA-1A6

a single tube.
operated receivers.

RADI1O

C-1A6

PENTAGRID CONVERTER

The 1A6 is a mulci-electrode type of vacuum tube designed
primarily to perform simultaneously the function of a mixer tube
and of an oscillator tube in superheterodyne circuits.
use, the independent control of each function is made possible within
The 1A6 is designed especially for use in batcery-
In such service, this tube replaces the two tubes

required in conventional circuits and gives improved performance.

TUBES

discussion of pentagrid types see Frequency Conversion, page 21.

CHARACTERISTICS
Fieament Vortace (D.C) oo oo oo 2.0
FiLAMENT CURRENT . . ..o oo 0.060
Direct IntERELECTRODE CaPaciTances (Approx.)
Grid No. 4 to Plate (With shield-can)... ... 0.25
Grid No. 4 to Grid No. 2 (Wich shield-can)... ... 0.2
Grid No. 4 to Grid No. 1 (With shield-can). . . . .. 0.1
Grid No. 1toGrid No. 2. .. ... ... . ... 0.8
Grid No. 4 to all other Electrodes (R-F input) . . .. 10.5
Grid No. 2 to all ocher Electrodes (Osc. outpur) . . 6
Grid No. 1 to all other Electrodes (Osc. input) . . . 5
Plate to all other Electrodes (Mixer outpur) .. .. .. 9
BuLe (For dimensions, see Page 151, Fig. 7). .. ... ..o oo oo
CAP ottt
BAase (For socket conncctions, sce Page 150, Fig. 26). . . . ... ... ... .. ..
Converter Service
PiaTte VOLTAGE. . ... ... i 180
Screen Vortace (Grid Nos. 3and5) . ......... ... 67.5
Anope-Grip (Grid No. 2). ... ... ... ... ... .. 135
ControL-GriD (No. 4) . . ... o -3

Torar Cataope CURRENT. .. ... ................ 9
Typicar OpErAaTION

Filament Voleage. . ... ...... ... 2.0 2.0
Plate Voltage.................. 135 180
Screen Voleage (Grid Nos. 3 and 3) 67.5 67.5
Anode-Grid (Grid No.2).. % . ... 135 135
Control-Grid (Grid No. 4). .. .... -3 -3
Oscillator-Grid (Grid No. 1) Resistor 50000 50000
Plate Currenc . ................. 1.2 1.3
Screen Current. . ............... .5 2.4
Anode-Grid Current . . . . ...... .. 2.3 2.3
Oscillator-Grid Current.. . ... ... 0.2 0.2
Total Cathode Current. . ........ 6.2 6.2
Plate Resistance. . .............. 0.4 0.5
Conversion Conductance. . ... .. .. 275 300
Conversion Conductance (at —22.5

voltson GridNo.4).......... 4 4

max.
max.
max.

min.,

max.

Through its

For general

Volts
Ampere

puf

puf

puf

uuf

puf

puf

ppf

puf

ST-12
Small Metal
Small 6-Pin

Volcs
Volts
Voles
Volts

Milliamperes

Volts

Voles

Volts

Voles

Voles

Ohms
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes
Megohm
Micromhos

Micromhos
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INSTALLATION

The base pins of the 1A6 require the use of a standard six-contact socket which
should be installed to operate the tube in a vertical position.

The coated filament of the 1A6 may be operated conveniently from dry-cells,
from a single lead storage-cell, or from an air-cell bactery. For dry-cell operation, a
filament rheostat may be used together with a permanently installed voltmeter to
insure the proper filament voltage. For operation from a 2-volt lead storage-cell,
the 1A6 requires no filament resistor. Operation with an air-cell battery requires a
fixed resistor in the filament circuit. This resistor should have a value such that with
a new air-cell battery, the voltage applied across the filament terminals will not
initially exceed 2.15 volts. Series operation of the filament of the 1. A6 with those of
other two-volt battery types is not recommended. Socket terminal No. 3 (see socket
connections) should be connected to the positive battery terminal.

Complete shielding of cthe 1A6 is generally necessary to prevent intercoupling
between its circuit and those of other stages.

APPLICATION

As a frequency converter in superheterodyne circuits, the 1A6 can supply the
local oscillator frequency and at the same time mix it with the radio-input frequency
to provide the desired intermediate frequency. For this service, design informacion
is given under CHARACTERISTICS. It is important to note that the anode-grid
voltage and the plate voltage must each be higher than the screen volrage.

For the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not particularly critical. The voltage applied to the anode-
grid (No. 2) should not exceed the maximum value of 135 volcs, but should always
be higher than the screen (grids No. 3 and No. 5) voltage. The anode-grid volcage
may be obtained from a suitable tap on the B-battery or from the plate-supply tap
through a voltage-dropping resistor of 20000 ohms shunted by a by-pass condenser
of 0.1 uf. The size of the resistor in the grid circuit of the oscillator is not critical
but requires design adjustment depending upon the values of the anode-grid volrage
and of the screen voltage. Adjustment of the circuit should be such that the cathode
current is approximately 6 milliamperes. Under no condition of adjustment should
the cathode current exceed the recommended maximum value of g milliamperes.

The bias voltage applied to grid No. 4 can be varied over relatively wide limits
to control the translation gain of the tube. For example, with 67.5 volts on the
screen (No. 3 and No. 5), the bias volcage may be varied from -3 to plate current
cut-off (approximately —25 volts). With lower screen voltages, the cut-off point is
proportionately less. The extended cut-off feature of the 1A6 in combination with
the similar characeeristics of super-control tubes can be
utilized advantageously to adjust receiver sensitivity.

Since the capacity berween grid No. 4 and plate ?E‘ﬁ;‘}PENTAET:?EiCZNVERTER CRCT
is in a parallel path with the capacity and inductance
of the plate load, it is important to use a load capacicy
of sufficient size to limit the magnitude of the r-f
voltage builc up across the load. If this is not done,
r-f voltage feed-back will occur berween plate and grid
No. 4 to produce degenerative effects. For this reason,
the size of the load condenser in the plate circuit
should be not less than 50 yuf.

Converter circuits employing the 1A6 may easily
be designed to have a translation gain of approximately
40. A cypical circuit is shown which provides excep-
tionally uniform oscillator output over the entire grid-
bias range. Refer to page 38 for details of oscillator
coil assemblies.

FIL, SCREEN PLATE
OPPLY  SUPPLY SUPPLY SUPPLY

ANGED VARIABLE CONDENSERS

DOING CONDE SES

RID CONDENSER 0 200 LUE

SCH_LATOR GRID INDUCTANCE Y o £
SCILLATOR PLATE INDUCTANCE

M = MUTUAL INDUCTANCE OF L'y AND

R = OSCILLATOR GRID LEAK
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RADIO TUBES

RCA-2A3 C-2A3
POWER AMPLIFIER TRIODE

The 2A3 is a three-electrode, high-vacuum type of power ampli-
fier tube for use in the power-output stage of a-c operated receivers.
I: possesses unusual capabilities for delivering exceptionally large,
undistorted power output. The exceptionally large power-handling
ability of the 2A3 is the result of its design features. Among these
are its extremely high mutual conductance and its highly efficient
cathode which is composed of a large number of coated filaments arranged in series-
parallel. This unusual feature provides a very large effective cathode area and thus
makes possible the desirable characteristics of the 2A3.

CHARACTERISTICS
Firament Vortace (A. C.or D.CH ... oL 2.5 Volts
Freament CURRENT. . .. .. ..o 2.5 Amperes
Grip-PLATE CAPACITANCE. . . .. oo 13 uuf
Grip-FiamMenT CAPACITANCE. ... ..o vnn .. 9 uuf
Prate-Fiament Capacitance. . ... .. ... ... ... 4 uuf
BuLs (For dimensions, see Page 151, Fig. 13). .. ... ... ... ... ..... ST-16
BASE (For socket connections, see Page 150, Fig. 1) ... oo v v o, Medium 4-Pin
As a Single-Tube Class A Amplifier
Freament Vortace (A . C). .o .o ... 2.5 Volts
PLATE VOLTAGE. ... .ot e 250 max. Volts
GriD VOLTAGE* . . . . .. e —45 Volts
PLaTE CURRENT. ... . i 60 Milliamperes
PLATE RESISTANCE. . . ... ... . .. . i 800 Ohms
AwmpPLIFICATION FACTOR. ... .. .. .. .. .. 4.2
MuUTUAL CONDUGTANCE. .ot v ovii et 5250 Micromhos
Loap RESISTANCE......... ... i 2500 Ohms
Ux~pistorTeEp Power QurpuT. .. ... ... ... 3.5 Wates
As a Push-Pull Class A Amplifier (Two Tubes)
Fixed Bias Self Bias
Fieament Vortace (A. C). . ... ... 2.5 2.5 Volts
PLate VOLTAGE. ... ... ... 300 max. 300 max. Volts
Grip VoLTage*. .. .. ... L. -62 -62 Volts
Prate CurrenT (Per cube). ... ... .. 40 40 Milliamperes
Loap Resistance (Plate-to-plate). ... 3000 5000 Ohms
Torar Harmonic DistorTiON . .. ... .. 2.5 5 Per cent
Power OutPUuT. ... ... . 15 . 10 Watts

* Grid volts measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the 2A3 fit the standard four-contact socket which may be in-
stalled to hold the tube either in a vertical or in a horizontal position.  For horizontal
operation, the socket should be positioned with the filament-pin openings one vertically
above the other. Sufficient ventilation should be provided to prevent overheating.

The filament of this type is usually operated on a.c. See page 24.

APPLICATION

As a power amplifier (Class A), the 2A3 is adaptable either singly or in push-
pull combination to the power-output stage of a-c receivers. Recommended operating
conditions are given under CHARACTERISTICS.
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The values recommended for push-pull operation are different than the con-
ventional ones usually given on the basis of characteristics for a single tube. The
values shown for Push-Pull Class A operation cover operation with fixed-bias and
with self-bias, and have been determined on the basis of no grid current flow during
the most positive swing of the inpur signal and of cancellation of second harmonic
distortion by virtue of the push-pull circuit.

If a single 2A3 is operated self-biased, the self-biasing resistor should be approxi-
mately 700 ohms.  This value is the same for two 2A3’s in push-pull. In either case
the resistor should preferably be shunted by a suitable filter network to minimize
grid-bias variations produced by current surges in the biasing resistor.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuic by this device is not too high. Transformers or impedances
are recommended. When self-bias is used, the d-c resistance in the grid circuit should
not exceed 0.5 megohm. With fixed-bias, however, the d-c resistance should not
exceed 10000 ohms.

AVERAGE PLATE CHARACTERISTICS
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RADIO TUBES

RCA-2A5 C-2A5

POWER AMPLIFIER PENTODE

The 2A5 is a power amplifier pentode of the heater-cathode type
for use in the audio-output stage of a-c receivers. It is capable
of giving large power output with a relatively small input-signal
voltage. Because of the heater-cathode construction, a uniformly
low hum-level is actainable in power-amplifier design.

The power-handling ability of the 2A5 is essentially che same as
that of the 59 with pentode connection, but the latter type has a greater flexibility
of application to power-amplifier design. The two types, however, are not directly
interchangeable because of the difference in base connections.

CHARACTERISTICS
Heater Vortage (A. C.or D.C).ooooo o 2.5 Volts
HeaTer CURRENT .. .. .. . v 1.75 Amperes
PLaTE VOLTAGE. . .. ... 250 max. Volts
SCREEN VOLTAGE. .. . v\ oo tii e e 250 max. Vol
GRID VOLTAGE. . . . oottt 16.5 Volts
PLaTE CURRENT . ... oot o o 34 Milliamperes
ScREEN CURRENT . . . . o o ovei e 6.5 Milliamperes
PLaTE RESISTANCE. ... .. ... 100000 approx. Ohms
AwmpLiricaTioN Factor. ... ... . oo L 220 approx.
MuTuAaL CONDUCTANCE. - .« o o oo e 2200 Micromhos
Loap RESISTANCE. ... ... oot 7000 Ohms
Power Output (79, total harmonic distortion). .. . . . 3.0 Wates
BuLB (For dimensions, see Pagc 151, Fig. 11). . .. ... oo oo ST-14
BASE (For socket connections, see Page 150, Fig. 15A). . . . ... ... ... Medium 6-Pin

INSTALLATION

The base pins of the 2A5 fit the standard six-conract socket which may be in-
stalled to hold the tube in any position.

The bulb of this tube will become very hot under certain conditions of operation.
Sufficient ventilation should be provided to prevent overheating.

The heater is designed to operate at 2.5 volts.  The transformer winding supply-
ing the heater circuit should be designed to operate the heater at this recommended
value for full-load operating conditions at average line voltage.

The cathode should preferably be connected directly to a mid-tap on the heater
winding or to a center-tapped resistor across the heater winding. If chis practice is
not followed, the potential difference between heater and cathode should be kept as
low as possible.

APPLICATION

As a power amplifier (Class A), the ZA5 may be used eicher singly or in push-
pull combination. Recommended operating conditions are given under CHAR-
ACTERISTICS.

If a single 2A5 is operated self-biased at a plate voltage of 250 volts, the self-bias-
ing resistor should have a value of 410 ohms. This resistor should be shunted by a
suitable filcer network to avoid degenerative effects at low audio frequencies. The use
of two 2A5’s in push-pull eliminates the necessity for shunting the resistor. The
value of the self-biasing resistor required for the push-pull stage is one-half chac for
a single stage.
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Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedance
coupling devices are recommended.  If, however, resistance coupling is employed, the
grid resistor should not exceed one megohm with self-bias provided the heater volt-
age does not rise more than 109 above the rated value under any conditions of
operation; without self-bias, the value should be limited to 100000 ohms.

An output transformer should be used in order to transfer power efficiently to
the speaker. The optimum value of load resistance for a single tube is given under
CHARACTERISTICS. For push-pull operation, the plate-to-plate load resistance
should be twice that for a single tube. For best results, the impedance in the plate
circuit of the 2A5 should be as uniform as possible over the entire audio-frequency

range.
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RCA-2A6 C-2A6

DUPLEX-DIODE HIGH-MU TRIODE

The 2A6 is a 2.5-volt heater type of tube consisting
of two diodes and a high-mu triode in a single bulb. It
is for use as a combined detector, amplifier, and auto-
matic-volume-control tube in a-c receivers designed for
its characteristics. For diode-detector considerations, refer

to page 17.
CHARACTERISTICS
Heater Vortace (A. C.or D.CH.. oo L. 2.5 Volts
HeaTter CURRENT. . ... 0.8 Ampere
Grip-PLATE CAPACITANCE. ... ... i 1.7 e
GRriD-CATHODE CAPACITANCE. . . .. oi i 1.7 uuf
PLATE-CATHODE CAPACITANCE. . . . .o e 3.8 wuf
BuLe (For dimensions, see Page 151, Fig. 7). . . .. . ..o iv e ST-12
G, o Small Metal
BASE (For socket connections, see Page 150, Fig. 13). . .. .. ... ........ Small 6-Pin
Triode Unit—As Class A Amplifier
HeaTer VOLTAGE. ... ... ... . . 2.5 Volts
PLATE VOLTAGE. . . .. ... i 250 max. Voles
GRID VOLTAGE. . . .. o oo -2 Volts
AwmpLiFicaTion FACTOR . .. ... . 100
PLATE RESISTANCE. ... ... ... 91000 Ohms
MutuaL CONDUCTANCE. . .« ot 1100 Micromhos
Prate CURRENT. . ... ... . 0.8 Milliampere

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unitc. Each diode plate has its own base pin. Operation curves for cthe
diode units are given under type 2B7, page 41.

INSTALLATION

The base pins of the 2A6 fit the standard six-contact socket which may be in-
stalled to hold the tube in any position.
Heater operation and eathode connection are the same as for cthe 2AS.

APPLICATION

The 2A6 in many respects is similar in application to the 55. The outstanding
difference, however, is that the 2A6 has a high-mu triode. For this reason, the tube
is recommended for use only in resistance-coupled circuits. Furchermore, diode-bias-
ing of the triode unit is not suitable because of the probability of triode plate-current
cuc-off, even with relatively small signal voleages applied to the diode circuit.

As an amplifier in resistance-coupled a-f circuits, the 2A6 may be operated under
the conditions given on page 142. A family of average plate characteristics curves
applicable to this type will be found under type 75, page 113.
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RCA-2A7 C-2A7
PENTAGRID CONVERTER

The 2A7 is a multi-electrode type of vacuum tube  designed
primarily to perform simultaneously the functions of a mixer (firsc
detector) tube and of an oscillator tube in superheterodyne circuics.
Through the use of this type, the independent control of each function
is made possible within a single tube.  The 2A7 is intended especially
for use in a-c receivers having a 2.5-volt heater supply.

CHARACTERISTICS

Heater VoLtace (A. C.or D.CH.o oot 2.5 Voles
Hearer CURRENT. ... ... . i 0.8 Ampere
Direct InTERELECTRODE CAPACITANCES (Approx.)

Grid No. 4 to Plate (With shield-can) .......... 0.3 puf

Grid No. 4 rto Grid No. 2 (With shield-can) ... .. 0.15 uuf

Grid No. 4 to Grid No. 1 (With shield-can) ... .. 0.15 wuf

Grid No.1two GridNo. 2. ................ ... 1.0 puf

Grid No. 4 to all ocher Electrodes (R-F input). ... 8.5 puf

Grid No. 2 to all other Electrodes (Osc. output). . 5.5 pupf

Grid No. 1 to all other Electrodes (Osc. input). . . 7.0 wuuf

Plate to all other Electrodes (Mixer output). . . .. . 9.0 uuf
BuLs (For dimensions, see Page 151, Fig. 7). . .. .. ..o ovi .. ST-12
CAP . o Small Meral
Base (For socket connections, see Page 150, Fig. 200, .. ... ... . ... .... Small 7-Pin

As Frequency Converter

PLaTe VOLTAGE. .. .. .o i 250 max. Volts
Screen Vortace {(Grids No. 3 and No. 5).... ... .. 100 max. Volis
Anope-Grip Vortace (Grid No. 2)......... .. .. .. 200 max. Volts
Anope-Grip Surpry Vorrace (Grid No. 2). .. ... ... 250 max. Volts
ControL-Grip VorTace (Grid No. 4). ... ... .. .. .. 3 min. Volts
Torar Carsope CURRENT. .. ... ... ... ......... 14 max.  Milliamperes
Tyeicar OpEraTiON

Plate Voltage. ......... ... ... .. .. .. 100 250 Voles

Screen Voltage (Grids No. 3 and No. 5). . 50 100 Volts

Anode-Grid Volrage (Grid No. 2). ... ... 100 200 Volts

Control-Grid Voltage (Grid No. 4). . . .. -1.5 -3 Volts

Oscillator-Grid (Grid No. 1) Resistor. ... 10000 50000 Ohms

Plate Current. . .. .................... 1.3 3.5 Milliamperes

Screen Current. .. . ... . . 2.5 2.2 Milliamperes

Anode-Grid Currenc. . . . .............. 3.3 4.0 Milliamperes

Oscillator-Grid Currenc. . ... ... .. ... 1.2 0.7 Milliampere

Cathode Resistor. . ............. ... .. 150 300 Ohms

Place Resistance. .. ............. ... .. 0.6 0.36 Megohm

Conversion Conductance. . ........ ... .. 350 520 Micromhos

Concrol-Grid Voltage (Conver. cond. =

2umhos). . ... ... -20 45 approx. Volrs

INSTALLATION

The base pins of the 2A7 fic seven-contact (0.75 irch pin-circle diameter)
sockets which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to the type 2A5.

Complete shielding of the 2A7 is generally necessary to prevent intercoupling
between its circuit and the circuits of other stages.
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APPLICATION

As a frequency converter in superheterodyne circuits, the 2A7 can supply the
local oscillator frequency and at the same time mix it with the radio-input frequency
to provide the desired intermediate frequency. For this service, design information is

given under CHARACTERISTICS.

For the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not parcicularly cricical. The supply voltage applied to the
anode-grid (No. 2) should not exceed the maximum value of 250 voles.  In fact, from
a performance standpoint, a lower value is to be preferred, because it will be adequate
to provide for optimum translation gain. The size of the resistor in the grid circuic
of the oscillator is not critical but requires design adjustment depending upon the values
of the anode-grid voltage and of the screen volcage.  Adjustment of the circuit should
be such that the cathode current is approximately 11 milliamperes. Under no con-
dition of adjusement should the cathode current exceed a recommended maximum
value of 14 milliamperes. The following tabulation gives suitable values for differ-
ent voltages on the electrodes.

PLATE VOLTAGE. . ..........ociiiiii i 100 250 250 Volts
SCREEN VOLTAGE (Grids No. 3 and No. 5).... 50 75 100 Volts
ANODE-GRID (No.2) VOLTAGE.............. 100 100 250* Volts
GRID (No. 1) RESISTOR. .................... 10000-25000 25000-50000 50000-100000 Ohms

* Applied through resistor of 20000 ohms

The bias voltage applied to grid No. 4 can be varied from -3 volts to cut-off to
control the translation gain of the tube. With lower screen voltages, the cut-off
point is less remote. The extended cut-off feature of this tube in combination with
the similar characteristic of super-control tubes can be utilized advantageously to
adjust receiver sensitivity.

Since the capacity between grid No. 4 and plate is in a parallel path with the capac-
ity and inductance of the plate load, it is important to use a load capacity of sufficient
size to limit the magnitude of the r-f voltage builc up across the load. If chis is not
done, r-f voltage feed-back will occur between plate and grid No. 4 to produce degenera-
tive effeces.  For this reason, the size of the load condenser in the plate circuit should
be not less than 50 upf.

Converter circuits employing the 2ZA7 may easily be designed to have a translacion
gain of approximately 60.

TYPICAL PENTAGRID CONVERTER CIRCUIT DETAILS OF OSCILLATOR COIL ASSEMBLIES
R-F -F PLATE COIL PLATE TUNING
INPUT TYPE 2A7 OR 6A7 OUTPUT goodbo | ~GRID COIL colL_ (GRID)COIL
1 . [TurNs 35 90
0.005— |TURNS PER IN. | 113 100
= 0.010" [INDUCTANCE . 200

MICRO HENRIES
MUTUAL INDUCTANCE OF PLATE & GRID COIL _q 3
GRID COIL INDUCTANCE -

PLATE COIL PLATE TUNING

= oo LGRID COIL colL  (GRID}COIL
- o ~  ITURNS 45 15
3 8995~ | TURNS PER IN. | 1S 115
SIGNAL GRID BIAS  SCREEN@SUPPLY @PLATE 010" [ |NDUCTANCE __ 180

SUPPLY MICRO HENRIES,

_ MUTUAL INDUCTANCE OFf PLATE 8 GRID COIL 035
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C=’
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Ca¥ PADDING CONDENSER

C4=GRID CONDENSER OF 200 JM¥.

L1=OSCILLATOR GRID INDUCTANCE }coupu:o

L2=OSCILLATOR PLATE INDUCTANCE

M =MUTUAL INDUCTANCE OF L; & L3

R{ZOSCILLATOR GRID LEAK

Rp=SELF BIASING RESISTOR

R3=VOLTAGE REDUCING RESISTOR OF 20,000 OHMS NoTE
(USED ONLY WHEN PLATE VOLTAGE EACH OF THESE COILS DESIGNED FOR AN INTERMEDIATE
IS OVER 200 VOLTS) FREQUENCY OF 175 K.C.IN A BROADCAST-BAND RECEIVER

GRID COIL PLATE TUNING
PLATE COIL CoiL _ (GRID}COIL

TURNS X}l a5 ’ 91
. INDUCTANCE
Yie [ MICRO HERRIE - 180

MUTUAL INDUCTANCE OF PLATE & GRID COIL =030
GRID COIL INDUCTANCE




@Rﬂdiotron m“; frerr

RCA-2B7 C-2B7

DUPLEX-DIODE PENTODE

The 2B7 is a heater type of tube consisting of two diodes and a
pentode in a single bulb. It is recommended for service as a com-
bined detector, amplifier (radio-frequency, intermediate-frequency
or audio-frequency), and automatic-volume-concrol tube in radio
receivers. The 2B7 is intended especially for use in a-c receivers
having 2.5-volt heater supply.

In operacion, the two diodes and the pentode in this tube are independent of each
other except for the common cathode sleeve, which has one emitting surface for the
diodes and another for the pentode. This independence of operation permits of desir-
able flexibility in circuit arrangement and design. The pentode unit of the 2B7
provides a means for obtaining high gain in the amplification of (1) the r-f or i-f
input to the diode (s) or (2) the demodulated ourput of the diode (s).

CHARACTERISTICS

HeaTtsr Vortace (A. C.or D. C)...oo oo 2.5 Volts
HeaTeR CURRENT. ... oot i, 0.8 Ampere
BuLs (For dimensions, see Page 151, Fig. 7). . . .. ... ... . .. ........ ST-12
CAP . o Small Metal
Base (For socket connections, see Page 150, Fig. 21) . . ... ... ...... ... Small 7-Pin

Pentode Unit—As Class A Amplifier
PLATE VOLTAGE. . ............. 100 180 230 250 max. Volts
ScrEEN VOLTAGE. . ... ......... 100 75 100 125 max. Vols
GriD VOLTAGE. . . .. . ......... -3 -3 -3 -3 Volts
Prate CurrenT. .. ............ 58 3.4 6.0 9.0 Milliamperes
Screen CurRrenT. .............. 1.7 0.9 1.5 2.3 Milliamperes
PLaTe ResisTANCE. ... ... ... ... 0.3 1.0 0.8 0.65 Megohm
AwmpLiFicaTIiON FACTOR. . . ... ... 285 840 800 730
MurtuaL CONDUCTANCE. . . .. ... 950 840 1000 1125 Micromhos
Grip VoLTaGge*. .. ... ..., ... -17 A3 17 21 approx. Volts

* For cathode-current cut-ofl.
Diode Units

Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin.

INSTALLATION

The base pins of the 2B7 fic the seven-contact (0.75 inch pin-circle diameter)
socket which may be installed to hold the tube in any position.

For heater operation and cathode connection, refer to type 2A5.

Complete shielding of detector circuits employing the 2B7 is generally necessary
to prevent t-f or i-f coupling between the diode circuits and the circuits of ocher scages.

APPLICATION

The 2B7 is recommended for performing the simultaneous functions of automatic-
volume-control, detection, and amplification.

For detection, the diodes of this tube may be utilized in a full-wave circuit or
in a half-wave circuit. In the latter case, one plate only or the two plates in parallel
may be employed. The use of the half-wave arrangement will provide approxi-
mately twice the rectified voltage as compared with the full-wave arrangement.
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For automatic-volume-control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually employed. This voltage is utilized to regulate the gain of
the r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier input
to the audio detector. Refer to discussion of automatic-volume-control methods
on page 18.

The complex structure of the 2B7 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In another case, the required voltage is
obtained by utilizing one diode for the sole purpose of automatic-volume-control.
This latter method is of particular interest since it confines the sensitivity and time-de-
lay function to the a.v.c. circuit. Time-delay action is determined by the use of a
resistance and condenser combination having the desired time constant. The a.v.c.
action may be postponed by applying a negative voltage to the a.v.c. diode plate.
Another a.v.c. arrangement capable of various adaptations is to use the pentode as a
d-c amplifier to supply the regulating voleage.

For r-f or i-f amplification, the pentode unit of the 2B7 may be employed in
conventional circuit arrangements. It is designed so that its cut-off is somewhat
extended to permit of moderate gain control by grid-bias variation without incroduc-
ing cross-modulation effects. The cut-off point and the ability to handle the larger
signals may be altered by choice of screen volrage to suit the requirements of che cir-
cuit. To assist in making this choice, different operating conditions for representacive

screen voltages are given under CHARACTERISTICS.

For many types of circuits a convenient and practical method of obtaining the de-
sired benefit of the extended cuc-off is to supply the screen voltage from a high-voltage
tap through a series resistor. This arrangement provides automatically an increase
in the voltage applied to the screen as the grid-bias is made more negative, with the
resule that the maximum signal-handling ability is obtained. When this method is
used, the voltage applied to the screen should be limited to 125 volts for -3 voles
grid-bias and to 200 volts for more negative values of grid-bias.

For a-f amplification, the pentode unit of the 2B7 may be used in a resistance-
coupled circuit arrangement to provide high gain. Typical operating conditions for
such service are: Plate-supply voltage, 250 volts, applied through a load resistor of 0.2
megohm; screen voltage, 50 volts; grid-bias, —4.5 volts; and plate current, 0.65 milli-
ampere. Grid-bias should be obtained from a fixed-voltage tap on the d-c power
supply. The value of resistor in the grid-circuit should not exceed a maximum value of
1.0 megohm. Additional operating conditions are given on page 142.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
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AVERAGE CHARACTERISTICS

PENTODE UNIT

AVERAGE CHARACTERISTICS
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RCA-573 C-5Z23

HEAVY-DUTY FULL-WAVE
RECTIFIER

The 573 is a high-vacuum rectifier of the full-wave
type indended for supplying rectified power to radio equip-

ment having very large direct-current requirements.

CHARACTERISTICS
Ficament Vortace (A. C). . ... o oo 5.0 Volts
Freament CURRENT .. . ..o 3.0 Amperes
A-C Vorrace Per Prate RMS). ... ... ... ... ... 500 max. Volts
D-COUutPUT CURRENT .« e veevee oo e 250 max. Milliamperes
BuLs (For dimensions, see Page 151, Fig. 13). ... ... . ... .. ......... ST-16
BAske (For socket connections, sce Page 150, Fig. 2) ... .. ... ......... Medium 4-Pin

INSTALLATION

The base pins of the 573 fit the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position with the base down. If it
is necessary to place the tube in a horizontal position, the socker should be mounted
with the filament-pin openings either at the top or at the bottom so that the plane of
each filament is vertical. Only a socket making very good filament contact and
capable of carrying three amperes continuously should be used with the 5Z23. Pro-
vision should be made for adequate ventilation to prevent overheating.

The coated filament of the 573 is intended to

) PERATI
operate from the a-c line through a step-down trans-  OFERATION CHARACTERISTICS

. TYPE 523
former. The voltage applied to the filament ter- |e¢=s0voLTsag ‘ ‘ ’
in: - ;—==CONDENSER INPUT TOFILTER
mmals‘ should be the rated value (')f 5.0 voles under \CHOKE SER INPUT TO P w
operating conditions and average line voltage. The o !

‘G;/ i i
high current taken by the filament makes it impera- j g i
tive that all connections in the filament circuit be of \

!

low resistance and of adequate current-carrying o
capacity. ~~ }

APPLICATION T

/2
2

. # .
>
8
D-C OUTPUT VOLT S AT INPUT TO FILTER

As a full-wave rectifier, the 573 may be
operated with condenser-input or choke-input filter
under conditions not to exceed the rating given
under CHARACTERISTICS. Filter circuits are
discussed on page 15. : —

|
[
Q
[s3

Y
o
<3

As a half-wave rectifier, one or more 5Z3’s ¢ 40 80 120 160 200 240 280  '°°
may be operated with plates connected in parallel. DTC LOAD MILLIAMPERES
For example, two 5Z3's so arranged in a full-wave
circuit can supply twice the output current of a single tube. In this service, the plates
of each 5Z3 are tied together at the socket. The allowable voltage and load condi-
tions per tube are the same as for full-wave service.
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RCA-6A4 C-6A4

POWFER AMPLIFIER PENTODE

The 6A4 is a power amplifier pentode of the 6.3-volt
filament type for use in the audio ocutpur of automobile
radio receivers and in other receivers employing a six-volt
storage-battery filament supply. The 6A4 is interchange-
able with type LA.

RCA
Radiotron

CHARACTERISTICS

FiLament Vortace (A, C.or D, CY 0000 L. 6.3 Voles
Frieament CORRENT . ... 0.3 Amperc
PLATE VOLTAGE. . . . . ... 100 135 165 180 max. Volts
ScreEN VOLTAGE. . ... ... 100 135 165 180 max. Voles

Grip VoLrace®*. .. ... 6.5 9 —11 -12 Volts

Prate CURRENT. . .. ... .. 9 14 20 22 Milliamperes
ScreeN CURRENT . . . . . ... 1.6 2.5 3.5 3.9 Milliamperes
PrLate Resistance. .. .... 83250 52600 48000 45500 approx. Ohms
AwmpLiricaTiON FacTor. . . 100 100 100 100 approx.

MuruaL Conpuctance. . 1200 1900 2100 2200 Micromhos
Loap Resistance. . . .... 11000 9500 8000 8000 Ohms
Power Qurpur**. .. .. .. 0.31 0.7 1.2 1.4 Watts

BuLs (For dimensions, see Page 151, Fig. 11). ... ... ... ... . L. ST-14

Baske (For socket connections, see Page 150, Fig. 61 .. ... ... .. .. ... .. Medium 5-Pin

* Grid volts measured from negative end of d-c operated filament. If the filament is a-c operated.
the tabulated values of grid bias should each be increased by 4.0 volts and be referred to the mid-point
of filament.

*% 907 total harmonic distortion.

INSTALLATION

The base pins of the 6A4 fit the standard five-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizontal position, the socketr should be mounted wich its filament-pin
openings one vertically above the other.

The coated filament of the 6A4 is primarily intended for operation from a
six-volt storage battery. In such service, che filament terminals of the socket are con-
nected directly across the battery. Socker terminal No. 3 (see socket connections)
should be connected to the positive battery terminal.

APPLICATION

For the power amplifier stage, the 6A4 is recommended either singly or in push-
pull combination. Transformer or impedance input-coupling devices are recom-
mended. If, however, resistance coupling is employed, the grid resistor should not
exceed 0.5 megohm. A family of plate characeeristics for the 6A4 is shown on
page 45.




RCA-6A7 C-6A7

PENTAGRID CONVERTER

function is made possible within a single tube.
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RADIO TUBES

The

The 6A7 is a mulci-electrode type of vacuum tube designed
primarily to perform simultaneously the functions of a mixer (first
detector) tube and of an oscillator tube in superheterodyne circuics.
Through the use of this type, the independent control of each

6A7 is especially

suited for receivers of the automobile type, and for receivers in which

the heaters are operated in series from the power line.

CHARACTERISTICS
Heater Vortace (A. C.or D. C). oo oL 6.3
0.3

HeaTer CURRENT ... ..ot

Direct InTERELECTRODE CAPACITANCES, Approx.
Grid No. 4 to Plate (With shield-can)........ .. 0.
Grid No. 4 to Grid No. 2 (With shield-can)..... 0.
Grid No. 4 to Grid No. 1 (With shield-can).. ... 0.
Grid No. 1toGridNo. 2.................... 1
Grid No. 4 to all other Electrodes (R-F input) . . . . . 8
Grid No. 2 to all other Electrodes (Osc. output). . . . 5.
Grid No. 1 to all other Electrodes (Osc. input). . . . . 7
Plate to all other Electrodes (Mixer output). . ... .. 9

BuLB (For dimensions, see Page 151, Fig. 7) . .. oo oo oo i

CAr

PLATE VOLTAGE. ... ... ... .. .. 250
Screen Vortace (Grids No. 3 and No. 3). .. 100
AnNope-Grip VorTace (Grid No. 2)...... .. 200
Anope-Grip SuepLy Vorrace (Grid No. 2). . 250
Contror-Grip Vortace (Grid No. 4). ... .. -3
ToraL Carrops CURRENT . ..o oo oo 14
Tyeicar. OpErAaTION
Plate Voltage................ ... .... 100 250
Screen Voltage (Grids No. 3 and No. 5). . 50 100
Anode-Grid Voltage (Grid No. 2)....... 100 200
Control-Grid Voltage (Grid No. 4). ... .. -1.5 -3
Oscillator-Grid (Grid No. 1) Resistor. ... 10000 50000
Plate Current. ... .............. .. .... 1.3 3.5
Screen Current. .. .................... 2.5 2.2
Anode-Grid Cutrent. .................. 3.3 4.0
Oscillator-Grid Currenc. . ......... ... .. 1.2 0.7
Cathode Resistor. ... ................. 150 300
Plate Resistance. ... .................. 0.6 0.36
Conversion Conductance. . ............. 350 520

Control Grid Voltage (Conver. cond.=
2Zumhos). . ... -20 —-45

OV, .

Volts
Ampere

uuf
ppf
uuf
upf
uuf
upf
puf
upf
ST-12

Small Meral

max.
max.
max.
max.

min.

max.

Small 7-Pin

Volrs.
Volts
Voles
Volts
Volts
Milliamperes

Voles

Volts

Voles

Volts

Ohms
Milliamperes
Milliamperes
Milliamperes
Milliampere
Ohms
Megohm

Micromhos

Volts
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INSTALLATION

The base pins of the 6A7 fic the seven-contact (0.75 inch pin-circle diameter,
socket which may be installed to hold the tube in any position.

The heater of the 6A7 is designed to operate on either d.c. or a.c. For operation
on a.c. with a transformer, the winding which supplies the heater circuit should operace
the heater at its recommended value for full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 6A7 socket
should be connected directly across a 6-volt battery. In receivers that employ a series-
heater connection, the heater of the 6A7 may be operated in series with the heaters of
other types having a 0.3 ampere rating. The current in the heater circuit should be
adjusted to 0.3 ampere for the normal supply line voltage.

The cathode of the 6A7, when operated from a transformer, should preferably
be connected directly to the electrical mid-point of the heater circuic. When itis
operated in receivers employing a 6-volt storage battery for the heater supply, the
cathode circuit is tied in either directly or through biasing resistors to the negative
battery terminal. In ‘‘transformerless” receivers with a series-heater circuit, the
cathode circuit of the 6A7 is tied in either ditectly or through biasing resistors to the
negative side of the d-c plate supply which is furnished either by the d-c power line or
by the a-c line by means of a rectifier. In circuits where the cathode is not directly
connected to the heater, the potential difference becween them should be kept as low
as possible. If the use of a large resistor is necessary becween the heater and cathode
of the 6A7 is some circuit designs, it should be by-passed by a suitable filcer network or
objectionable hum may develop.

Complete shielding of the 6A7 is generally necessary to prevent intercoupling
between its circuit and the circuits of other stages.

APPLICATION
Refer to APPLICATION on the 2A7.

AVERAGE PLATE CHARACTERISTICS

T 1T 1

TYPE 6A4
E§=6.3 VOLTSD.C.
SCREEN VOLTS=180

50

PLATE MILLIAMPERES

200 2
PLATE VOLTS

45
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RCA-6B7 C-6B7

DUPLEX-DIODE PENTODE

The 6B7 is a heater type of tube consisting of two diodes and a
pentode in a single bulb. It is recommended for service as combined
detector, amplifier (radio-frequency, intermediate-frequency or audio-
frequency), and automatic-volume-control tube in radio receivers.
The 6B7 is especially suited for receivers of the auromobile type,
and for receivers in which the heaters are operated in series from the power line.
Except for the difference in heater voltage, this type is identical in design and

application to the 2B7.

For diode-detector considerations, refer to page 17.

CHARACTERISTICS

Hearer Vortace (A. C.or D.CH. oo 0L 6.3 Volts

Heater CURRENT ... . ... oo 0.3 Ampere

Burs (For dimensions, see Page 151, Fig. 7). . . ... ... . ... .. ....... ST-12

AP, Small Metal

Basg (For socket connections, see Page 150, ¥ig. 21y .. ... ... ... .. ... Small 7-Pin
Pentode Unit -As Class A Amplifier

PLaTe VOLTAGE. . ... ..o oo, 100 180 250 250 max. Vols

ScrEEN VOLTAGE. .. .. ......... 100 75 100 125 max. Volts

Grip VOLTAGE. . ... oot -3 -3 -3 3 Volts

Prate CURRENT. ... ........... 58 3.4 6.0 9.0 Milliamperes

Scrreny CURRENT. .. ..o oo ...... 1.7 0.9 1.5 2.3 Milliamperes

Prate ResistTance. .. ... . ... 0.3 1.0 0.8 0.65 Megohm

AmpriricaTioNn Facror. .. .. .. .. 285 840 800 730

Murtuar CoNDUCTANCE. .. ... ... 950 840 1000 1125 Micrombhos

Grip Bias Vorrace®*. .. ... .. .. -17 13 17 21 approx. Volts

* For cathode current cut-off.

Diode Units

Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin. Operation curves for che
diode units are given under type 2B7, page 41.

INSTALLATION
Refer to INSTALLATION on the 6A7.

APPLICATION
Refer to APPLICATION on the 2B7.
46 —



@Rﬂdiotron ;
RADIO TUBES

RCA-6F7 C-6F7

TRIODE-PENTODE

The 6F7 is a heater type of tube combining in one bulb
a triode and an r-f pentode of the remote cut-off type.
Since these two units are independent of each other except
for the common cathode sleeve, the 6F7 may be adapted
to circuit design in several ways.

CHARACTERISTICS
Heater Vortace (A. C.or D. CH.o oo 6.3 Voles
HeaTer CURRENT . ... vvvivi i 0.3 Ampere
Direct InTERELECTRODE CAPACITANCES
Triode Unit— Grid o Plate. . ........... .. 2.0 uuf
Grid to Cathode........... .. 2.5 uuf
Plate to Cathode . . . ......... 3.0 wuf
Pentode Unit—Grid to Plate (With shield-can) 0.008 max. uuf
Input...... ... . ... ... 3.2 nuf
OQutput. . ... 12.5 uuf
BuULB (For dimensions see, Page 151, Fig. 7). . . .o v i ve i ST-12
AP, Small Metal
BAsE (For socket connections, see Page 150, Fig. 27). .. ..o oot n vt .. Small 7-Pin

Triode Unit  Pentode Unit

PLaTeE VOLTAGE. .. ... ... .. .. 100 max. 250 max. Volts

ScrREEN VOLTAGE. .. ... ..o .. - 100 max. Volts

GRID VOLTAGE. . ... ..o -3 -3 min. Voles
AMPLIFICATION FAacTOR . . ... .. ... ... ... 8 900

Prate RESISTANCE. . . .. ... . .. 17800 850000 Ohms
Mutuar CoNDUCTANCE. . . L....... 450 1100 Micromhos
MutuaLr ConbucTAaNCE (A[ -35 volts bias) - 10 Micrombhos
PLATE CURRENT. .. ..o 3.5 6.5 Milliamperes
ScrEEN CURRENT........ ..o, - 1.5 Milliamperes

TyricarL OperaTiON

Plate Voltage...................... 100° 250 Volts

Screen Voleage..................... - 100 Voles

Grid Bias Volrage. ............... .. f —10* Volts
Oscillator Peak Voltage Inpuc. . ... ... - 7 Volts

D-C Grid Current. ... .............. 0.15 0 Milliampere
D-C Plate Currencft................ 2.4 2.8 Milliamperes
Screen Current. .. .................. - 0.6 Milliampere
Plate Resistance.................... - 2.0 Megohms
Conversion Transconductance. . - - 300 Micromhos

° May be obtained from 250-volt source through 60000-ohm dropping resistor.
* Obtained by means of 1700-ohm self-biasing (cathode) resistor.
T Obtained by 100000-ohm grid-leak resistor returned directly to cathode.
171 Oscillator conditionsshould be adjusted so that plate current does not exceed maximum of 4 milliamperes,

47 —
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INSTALLATION
Refer to APPLICATION on type 6A7.

APPLICATION

Being of the multi-unit type, the 6F7 is suitable for diversified applications. The
triode unic and the pentode unic can be utilized independently of each other for per-
forming any of the functions expected of single-unit types with similar characteristics.
Circuit design for the 6F7, therefore, will follow conventional practice.

As a frequency converter, the 6F7 is used by employing the triode unit as
oscillator and the pentode unit as mixer (first detector). The circuit should be ad-
justed so thac the grid-bias voltage is approximately 3 volts greater than the peak
oscillator voltage. In operation, the plate current of the oscillator should not exceed
4 milliamperes.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T T
TYPE 6F7 o
Eg=6.3 VOLTS P /
7 C

4

aval
A/ 7|
.vi| ra
N A AL,

LA ) A
d A 7L A

0 40 80

<

Se,

w
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N
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120 160
PLATE VOLTS

AVERAGE PIP_EATE CHARACTERISTICS

NTODE UNIT
TYPE 6F7
E¢=63 VOLTS
SCREEN VOLTS=i00
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4 CONTROL GRID VOLT}S Eci70
O
210 :
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RCA-1273 1223

HALF-WAVE RECTIFIER

The 1223 is a half-wave, high-vacuum rectifier of the heater-
cathode type for use in suitable circuits designed to supply d-c power

from an a-c power line. It is well-suited for use in ‘‘transformerless”
receivers of the “‘universal’” (a.c.-d.c.) type. The adaprability of
the 1273 to such receivers is facilitated by the heater design which
permits of convenient series operation with other tube types.

CHARACTERISTICS

Heater Vortace (A. C.or D.CH.. oo oL 12.6 Volts

Heater CORRENT. ... .o 0.3 Ampere

A-C Prate Voutace (RMS). ... ... . .. 250 max. Vols

D-C Outpur CURRENT . - oot oot 60 max. Milliamperes

BuLs (For dimensions, sece Page 151, ¥ig. 6) . ... .. ... ... .. L. .. ST-12

Basre (For socket connections, see Page 150, Fig. 22). .. ... ... ... ..., Small 4-Pin
INSTALLATION

The base pins of the 1273 fit the standard four-contact socket which may be
mounted to hold the tube in any position.  Sufficient ventilation should be provided
to circulace air freely around the tube to prevent overheating.

The 12.6-vole heater of the 1273 is designed to operate under the normal condi-
tions of line voltage variation without marterially affecting the performance or serv-
iceability of this cube.  For operation of the 1273 in series with the heaters of other
types having 0.3 ampere racing, the current in the heater circuit should be adjusted
to 0.3 ampere for the normal supply voltage. The d-c potential difference between
heater and cathode should be limited to 350 volts.

OPERATION CHARACTERISTICS
APPLICATION TYPE 1223 |

E {212.6 VOLTS

Il 3.

. . . - NPT R

As a half-wave rectifier, the 1273 is particu- [ Ve N/ | Jeare

larly useful in “‘transformerless’” receivers of the “‘uni- Y s SuRE
y ! :

versal” type. Conditions for this service are given

under CHARACTERISTICS.

A filter of the condenser-inputc type is recom-
mended for use with this tube in order to obtain a d-¢
output voltage as high as possible. A large inpurt ca-

D-C OUTPUT VOLTS AT INPUT TO FILTER

pacitance in the order of 16 uf is desirable. Typical 160
output cutrves for several values of input condensers
are shown in the accompanying diagram. As a Y
supplement to the curves with a-c input voltage, a
dashed curve is included to show the output when o

. . . 0 10 20 30 40 50 60
the receiver is operated from a d-c power line, D-C LOAD MILLIAMPERES
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RCA-25Z25 C-25Z25

RECTIFIER-DOUBLER

The 2575 is a full-wave, high-vacuum rectifier of the heater-
cathode type for use in suitable circuits designed to supply d-c power
from an a-c power line. This tube is of partlcular interest because
of i fs adaptability to the des1gn of ¢ transformerless receivers of eicher
the “universal (a c.-d.c.)”” type or the ‘“‘a-c operated”’ type. In

“universal” receivers, the 2575 may be used as a half-wave rectifier,
while in che “a-c operated” type, it may be used as a voltage doubler to provide about
twice the d-c¢ output voltage obtainable from the half-wave arrangement. This two-
fold application is made possible by the use of a separate base pin for each of the two
cathodes. For volcage-doubler considerations, see page 16.

The heater of this tube has been designed to facilitate economical series operation
with the heaters of other tubes in the radio setc. The employment of a 25-volc heater
permits the construction of a receiver with less heat dissipation in the fixed series-heater
tesistor. Furthermore, the heater-cathode design permits of close electrode spacing
and provides high rectifying efficiency.

CHARACTERISTICS
HeaTerR VOLTAGE. . ...... . i 25 Vols
Heater CURRENT. ... ..o it 0.3 Ampere
A-C Vorrace Per Prate (RMS)....... ... ... .. .. 125 max. Volts
D-C Ourpur CURRENT. .. . o\ oo 100 max. Milliamperes
BuLB (For dimensions, sce Page 151, Fig. 6) . . . . . o oo iv i v et ST-12
Base (For socket connections, sec Page 150. Fig. 5) oo Small 6-Pin

INSTALLATION

The base pins of the 2575 fic the standard six-contact socket which may be
mounted in any a position.

The bulb of this tube will become quite hor under certain conditions of operation.
Sufficient ventilation should be provided to circulate air freely around the tube to pre-
vent overheating.

The heater is designed to operate under the normal conditions of line voltage
variation without materially affecting the performance or serviceability of this tube.
The current in the heater circuit should be adjusted to 0.3 ampere for the normal supply
voltage.

A filter of the condenser-inpuc type is recommended for use with this tube in
order to obtain a d-c output voltage as high as possible. A large input capacitance
in the order of 16 uf is desirable for half-wave rectifier service, while a higher value is
advantageous for voltage-doubler circuits. Since the peak voltage applied to the
input condenser(s) is relatively low, it is possible to use condensers of moderate voltage
rating (sufficient only for the line voltage).

APPLICATION

As a half-wave rectifier, the 2575 is designed for service in “‘transformerless’
receivers of the ‘‘universal’” type. In such service, the two plates are connected to-
gether at the socket in order to act as a single plate; likewise, the cachodes are connected
as a unit. Conditions for this method of operation are given under CHARAC-
TERISTICS. Typical output curves for several values of input condensers are
shown on page 51. As a supplement to the curves with a-c inpuc voltage, a dotted
curve is included to show the output when the receiver is operated from a d-c power line.

- 50 —
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As a voltage doubler, the 2575 is adaprable to service in ‘‘transformerlzss’
receivers of the ‘‘a-c operated’’ type and is capable of supplying approximately twice
the d-c output voltage of the half-wave circuit. In voltage-doubling service, the two
diode units of the tube are arranged as shown in the voltage-doubler circuit, below.
Operating conditions for this type of service are the same as for half-wave service.
Typical output curves for the voltage-doubler circuit are given on this page.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
HALF-WAVE RECTIFIER VOLTAGE DOUBLER
TYPE 2575 l TYPE 2525 ;
E§=25 VOLTS ! £4=25 VOLTS
INPUT VOLTS CURVE
R =
i L., === 8
\ i I 140 g:%( 280
* 2
\ S : 120 AN Lea 240%
TS e, [
NI I s, |2
- N, - o] 7
R 4/05 e /6"4/* 2
N 8ot N 2 160 5
'S
| & . z
SR S S 60 - 120 -
< <
0 )
- 4
40 2 t 8o o
o
g [ 8
o] b v
20} 40 L
2646 60 B0 00 ° °
D-C LOAD MILLIAMPERES

20 40 60 BC 100
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VOLTAGE-DOUBLER CIRCUIT

TYPE
2525

_"q

How

RMS R ¢
INPUT VW

G OuUTPUT

R=HEATER VOLTAGE REDUCING RES{STOR
C=FILTER CONDENSER
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RCA-01A C-01A

DETECTOR, AMPLIFIER

The 01-A is a three-electrode storage battery tube for
use as a detector and as an amplifier.

CHARACTERISTICS
Ficament Vortace (D. C). ... ... .. ..., 5.0 Volts
FrieaMENT CURRENT. . oot 0.25 Ampere
PLate VOLTAGE. ... oo oo 90 135 max. Volts
GRID VOLTAGE. ..t v oo oo -4.5 -9 Volts
PLATE CURRENT. . .« o ooee i 2.5 3.0 Milliamperes
PLATE RESISTANCE. . oo oo 11000 10000 Ohms
AmpLIFICATION FACTOR. .. .. ... ... ... .... 8 8
MutuaL CONDUCTANCE. ..o oo vt oo 725 800 Micromhos
Grip-PLATE CAPACITANCE. .. ... ... .. ... ... 8.1 uuf
Grip-FiLament CAPACITANCE. . . .. ... .. ... 3.1 uuf
Prate-Fiament CAPACITANCE. . ... .. .. .. .. 2.2 uuf
BuLB (For dimensions, see Page 151, Fig. 11) .. .. ..o vt ST-14
BAse (For socket connections, see Page 150, Fig. 1), ... .. ... ... .. ... Medium 4-Pin

INSTALLATION

The base pins of the 01-A fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. Cushioning of the
socket in the detector stage may be desirable if microphonic disturbances are en-
countered.

The filament in the 01-A is intended for operation from a 6-volt storage battery.
A fixed or variable resistor of suitable value is required to reduce the battery volrage
to 5.0 volts across the filament terminals ac cthe socker. At this voltage, the most
satisfactory operating performance will be obtained.

APPLICATION

As a detector, the 01-A may be operated either with grid leak and condenser
or with grid bias. The recommended plate voltage for the former method is 45
voles. A grid leak of from 0.25 to 5 megohms used with a grid condenser of 0.00025 uf
is suitable. The grid-circuit retutn should be connected to the positive filament
terminal. For grid-bias detection, plate voltages up to the maximum value of 135
volts may be used with the corresponding negative grid-bias voltage (13.5 volts
approximately, at 135 volts).

As an amplifier, the 01-A is applicable to the audio- or the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages for audio
amplifier service should be determined from the tabulated characteristics and the curves
in order to obtain optimum performance and freedom from distortion. The higher
plate voltages will be found advantageous under conditions where the impressed signal
is large or where maximum voltage outpur is desired.

When the 01-A is used as a radio-frequency amplifier, lictle is gained from the use
of plate voltages exceeding 90 volts. The 01-A is well adapted for use as an inter-
stage audio-frequency amplifier but a power output tube is recommended for the
final audio stage.

Volume control of the receiver may be accomplished by variation of either the
grid bias or the plate voltage applied to the radio-frequency stages.

Average plate characteristics curves are given on page 55.
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RCA-1-v C1-v

HALF-WAVE RECTIFIER

The 1-v is a half-wave, high-vacuum rectifier tube employing =
heater cathode. It is intended for use in radio equipment of either
the ‘‘universal”’ or the automobile type designed for its character-
istics. The low voltage drop of this tube makes it uniquely adapred
to such service. The 1-v is interchangeable with Type 1.

CHARACTERISTICS
Heater Vortace (A. Coor 1D. CHoo oo 6.3 Voles
HeaTer CURRENT . ... oo vii i 0.3 Ampere
A-C Prate Vortace RMS). .. ... ... ... ... .. 350 max. Volts
D-C Outpur CURRENT ..+t v oo 50 max. Milliamperes
Buie (For dimensions, sce Page 151, Fig. 6). . . ... ... ............. ST-12
Base (For socket connections, seec Page 130, Fig. 22) .. .. . ... ... ... ... Small 4-Pin

INSTALLATION
The base pins of the 1-v fit the standard four-contact socket which may be
mounted to hold the rube in any position.

Heater operation is similar to that for Type 6A7.

APPLICATION

The filter may be either of the condenser-input or the choke-input type provided
the recommended maximum plate voltage and output current ratings given under
CHARACTERISTICS are not exceeded. The d-c potential difference hetween
heater and cathode should never exceed 500 volts.

If the condenser-input type of filter is used, con-

. . . . OPERATION CHARACTERISTICS
sideration must be given to the instantaneous peak

T T T T T T T |
value of the a-c input voltage which, for a sinusoidal £ TP s | FRTER CONPENSER
wave, is about 1.4 times the RMS value as measured b }» _""1‘5”' oo
with an a-¢ volumeter. It is important, therefore, R ; 3
that the filter condensers (especially the input con- E
denser) have a sufficiently high breakdown rating to 0 Jacog
withstand this instantaneous peak value. Particular 30| 5
attention must be given to this point when the wave- ﬁ—r 300 2
shape input to the plates of the rectifier tube is non- | { ;0 i
sinusoidal. ] 500 g

When the input-choke method is used, the avail- ‘ E
able d-c output voltage will be somewhat lower than 00 3
with the input-condenser method for a given a-c plate Y
voltage. However, improved regulation together °

with lower peak current will be obrained © L ons i Liurees
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RADIO TUBES

RCA-10 C-10

POWER AMPLIFIER, OSCILLATOR

The 10 is a three-electrode high-vacuum tube suitable
for power amplifier use. As an audio-frequency amplifier,
it is capable of delivering large undistorted ourput to the
loudspeaker.

CHARACTERISTICS
Firament Voutace (A. C.or D.C) ... ... ... 7.5 Volts
Freament CURRENT . ... ... o 1.25 Amperes
Prate VortaGge. ... ........... .. 250 350 425 max. Volts
Grip VoLtace*.................. 22 -31 -39 Volts
PLate CURRENT. . . ... ..ol 10 16 18 Milliamperes
PraTe Resistance. . ...... ... ... 6000 5150 5000 Ohms
AwmpLiFicaTioN Factor. .. ... ... ... 8 8 8
MutuaL CONDUCTANCE. ... ........ 1330 1550 1600 Micromhos
Loap RESISTANCE................. 13000 11000 10200 Ohms
UnbistortED Power QurteuT. . ... .. 0.4 0.9 1.6 Watts
Grip-PraTe CapaciTANCE. ... ... ... 7 wpf
Grip-FiLament CapaciTaNcE. . .. . .. 4 wpuf
PLaTe-FiLamenT CaPACITANCE. . . . .. 3 nuf
BuLe (For dimensions, see Page 151, Fig. 14y, ... .. ... ... . ... ..... S-17
Base (For socket connections, see Page 150, Fig. 1) .. ... ........... Medium 4-Pin Bayonet

* Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c. is used, each
stated value of grid voltage should be decreased by 3.75 volts and should be referred to the negative end of
the filament.

INSTALLATION

The base pins of the 10 fic the standard four-contact socket. The socker should
be installed so that the tube will operate in a vertical posicion with the base down.

The filament of the type 10 is usually operated from the a-c line through a step-
down transformer. Most satisfactory operating performance of the tube will be
obtained at the rated filament volrage.

Wich an a-c filament supply, the grid and the plate return should be brought eicher
to a mid-tapped resistor of 20 to 40 ohms across the filament winding, or to a mid-tap
on the filament winding itself. With a d-c filament supply, the grid and the plate
return should be made to the negative filament terminal.

Grid bias for the type 10 may be obtained from a C-supply or by means of the
voltage drop in a resistor connected in the negative plate-recurn lead. The latter
method is known as the self-biasing method, since the plate current determines the
drop. It is not, however, generally applicable to battery-operated receivers.

APPLICATION

As an audio power amplifier this tube should be operated under condicions as
given under CHARACTERISTICS. To prevent overloading and distortion, the
recommended grid bias should always be used. Average plate characteristics curves
are given on the following page.
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UX-112-A CX-112-A

DETECTOR, AMPLIFIER

The 112-A is an improved storage battery tube. It is
sensitive as a detector and excellent as a three-electrode
radio-frequency and audio-frequency amplifier.

CHARACTERISTICS
Fieament Vortace (D. Co)oooooo oo 5.0 Voles
FILAMENT CURRENT . ..« o it ei e e 0.25 Ampere
PLaTE VOLTAGE. ................. 90 135 180 max. Volts
GrID VOLTAGE. .. ... .o iiin e —4.5 -9 -13.5 Volts
Prate CURRENT. . ................ 5.0 6.2 7.7 Milliamperes
PrLaTe RESISTANCE. . .. .. .......... 5400 5100 4700 Ohms
AwmrLiFicaTiON FacTOR. ... .. ... .. 8.5 8.5 8.5
Muruar CONDUCTANCE. ........... 1575 1650 1800 Micromhos
Loap RESISTANCE................. 5000 9000 10650 Ohms
UnpistorTen Power QutruT. ... ... 0.035 0.13 0.285 Wartts
Grip-Prate CapaciTance. .. .. ... .. 8.5 uuf
Grip-FiLament CAPACITANCE. . ... .. 4.0 uuf
Prate-Firament CaPACITANCE. . .. .. 2.0 uuf
BuLs (For dimensions, see Page 151, Fig. 9) . oo oo e oo i i i o S-14
BASE (For socket connections, see Page 150, Fig. 1) . .. .. ............ Medium 4-Pin

INSTALLATION

The base pins of the 112-A fit the standard four-contact socket. The socket
should be installed so that the tube will operate in a vertical position. Cushioning
of the socket in the detector stage may be desirable if microphonic disturbances are
encountered.

The coated filament employed in the 112-A may be operated conveniently from
a 6-volt storage battery. A fixed or variable resistor of suitable value is required to
reduce the battery voltage to 5.0 volts across the filament terminals atr the socket.

APPLICATION

As a detector, the 112-A may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for the former method is 45 volts.
A grid leak of from 0.25 to 5 megohms used with a grid condenser of 0.00025 uf is
suitable. The grid-circuit return should be connected to the positive filament terminal.
For grid-bias detection, plate voltages up to the maximum wvalue of 180 volts may
be used. The corresponding grid bias should be adjusted so that the plate current,
when no signal is being received, is about 0.2 milliampere. Usually, a plate voltage
of 135 volts with a grid bias of approximately —15 volts will be satisfactory.

As an amplifier, the 112-A should be operated as shown under CHARACTER-
ISTICS. Average plate characteristics curves are shown on the preceding page. When the
112-A is used as a radio-frequency amplifier, little is gained from plate voltages ex-
ceeding 90 voles. If the 112-A is substituted for the 01-A in radio-frequency circuits,
it may be necessary to readjust the neutralizing condensers or to increase the value
of the grid suppressor resistors to prevent oscillation.

Volume control of the receiver may be accomplished by variation of either the
grid bias or the plate voltage applied to the radio-frequency stages.
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RCA-19 C-19

CLASS B TWIN AMPLIFIER

The 19 combines in one bulb two high-mu triodes designed for
Class B operation. It is intended for use in the output stage of
battery-operated receivers and is capable of supplying approximacely
2 warts of audio power. The triode units have separate external
terminals for all electrodes except the filaments, so that circuic design
is similar to that of Class B amplifiers utilizing individual tubes in the output stage.

CHARACTERISTICS
Frrament VoLtace (D. C.).. . ... ... .. ... ... 2.0 Voles
Fieament CURRENT ... ..., 0.26 Ampere
BuLe (For dimensions, see Page 151, Fig. 6). . . . .o i it ST-12
BASE (For socket connections, see Page 150, Fig. 25). .. . . ... ......... Small 6-Pin

As Class B Power Amplifier

PLAaTE VOLTAGE. .. ... .. . i 135 max. Vols
Dy~amic Peax PLaTe Current (Per plate). . ... ..., 50 max. Milliamperes
Tyeicar OpEraTION
Filament Voltage.............. 2.0 Volts
Plate Voltage................. 135 135 135 Volts
Grid Voltage. ................ -6 -3 0 Volts
Static Plate Currenc. ... ........ 1 4 10 Milliamperes
Load Resistance (Plate-to-plate) 10000 10000 10000 Ohms
Average Power Inpuc®*. . ... .. .. 95 130 170 approx. Milliwates
Nominal Power Output........ 1.6 1.9 2.1 Watts

* Applied between grids to give indicated values of power output.

INSTALLATION

The base pins of the 19 fit the standard six-contact socker. The socket should be
installed so that the tube will operate in a vertical position. In some cases, cushioning
of the socket may be found desirable.

For filament operation, refer to INSTALLATION for Type 1A6.

APPLICATION

As a Class B power amplifier in the output stage of battery-operated receivers,
the 19 should be operated as shown under CHARACTERISTICS. In such service,
it may be operated either with zero grid bias or with negative grid bias. The lacter
mechod may be of advantage in cases where plate-battery drain must be conserved
even at some sacrifice in power output.

The type of driver tube chosen to precede the 19 should be capable of handling
enough power to operate the Class B amplifter stage. Allowance should be made for
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transformer efficiency. It is most imporrant, if low distortion is desired, that the
driver tube be worked well below its Class A undistorted output rating, since distortion
produced by the driver stage and the power stage will be present in the outpur. A
discussion of Class B amplifier features is given on page 14.
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RAD1O TUBES

UX-120 CX-220

POWER AMPLIFIER

The '20 is a three-electrode, high-vacuum, power ampli-
fier tube designed for operation from dry-cells. It is
intended for use in the last audio stage of dry-battery-
operated receivers using the '99 and/or 22.

CHARACTERISTICS
Fiament Vortace (D. C).... ... o1, 3.0-3.3 Volts
Fiament CURRENT . . .. oottt 0.125-0.132 Ampere
PLATE VOLTAGE. ... ..o 90 135 max. Volts
GRID VOLTAGE. . ..ot v oo e -16.5 -22.5 Voles
Prate CURRENT. . ..ot 3.0 6.5 Milliamperes
PLATE RESISTANCE. . .. ... oo 8000 6300 Ohms
AwmpLiricaTiON Factor. . ............ 3.3 3.3
MutuaL CONDUCTANCE. ...\ v v o vl o 415 525 Micrombhos
Loap RESISTANCE................... 9600 6500 Ohms
UnpistorTep Power QutPUuT. .. ... ... 0.045 0.11 Watts
Grip-PLaTe CAPACITANCE. .. ... ... ... 4.1 wuf
Grip-FiLamenT CAPACITANCE. . .. ... .. 2.0 wuf
PLaTeE-FiLamenT CAPACITANCE. . . ... .. 2.3 unf
BuLB (For dimensions, see Page 151, Fig. 1) . o oo v i v oie e ien e e e T-8
Base (For socket connections, see Page 150, Fig. 1) .. ... ... ........ Small 4-Pin

INSTALLATION

The base pins of the '20 fic the standard four-contact socket. The socket should
be installed to operate the tube in a vertical position.

The filament in this tube is designed for operation wich three No. 6 dry-cells
connected in series. In multi-tube receivers the use of six or nine No. 6 dry-cells
connected in series-parallel to give 4.5 volts will decrease the current drain per cell
and give a more stable source of filament power. If storage-battery operation is pre-
ferred, a four-volt storage battery may be used. In any case, a filamenc rheostat should
be provided to maintain the voltage applied to the filament within the stated range.

APPLICATION

For power amplifier service, the '20 will give greatest power output when oper-
ated at a plate voltage of 135 volts and che corresponding grid bias of -22.5 volts.
At 90 volrs on the plate and with a corresponding grid bias of 16.5 volts, good quality
of reproduction may be obtained at a lower level of power output.

In reczivers employing tubes of cthe 3.3-volc filament type, the use of the 20 in che
ourput stage will be found desirable.
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RCA-22 C22

SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The 22 is a screen grid tube designed particularly for
radio-frequency amplification in dry-bactery-operated re-
ceivers employing 3.3-volt filament tubes.

CHARACTERISTICS
Ficament Vortace (D. C).o oo 3.3 Volts
FraMEnT CURRENT . ... ..ottt 0.132 Ampere
PLATE VOLTAGE. . ..o vev et 135 135 max. Voles
SCREEN VOLTAGE. . oo i iv i 45%* 67.5 max.** Volts
GRID VOLTAGE. e+ ot vet v ittt cene et -1.5 -1.5 Volts
Prate CURRENT . .. ... ... ... 1.7 3.7 Milliamperes
ScrEEN CURRENT. ... .. 0.6 1.3 max. Milliamperes
PLaTE RESISTANCE. ... .. .. ... .. 725000 325000 Ohms
AwmpLiFicATION FAacToR . ... ... .o L 270 160
Muruar CONDUCTANCE. . . .o vvine ... 375 500 Micromhos
Grip-PLaTe Caracrrance (With shield-can) 0.02 max. nuf
[npUT CAPACITANCE. ..o oot vie i 3 npuf
Outpur CAPACITANCE. ..\ o o o ve et et e 12 uuf
Bure (For dimensions, see Page 151, Fig. 10) . ... ... .. ... ... ..... S-14
[ S Small Mertal
Base (For socket connections, sce Page 150, Fig. 4) . ... .. ... .. ... ..., Medium 4-Pin

* Maximum value of grid resistor is 5.0 megohms.

** Maximum value of grid resistor is 1.0 megohm.

INSTALLATION

The base pins of the 22 fic the standard four-contact socket.  The socket should
be installed to hold the tube in a vertical position. Cushioning of the socket may be
desirable to avoid microphonic disturbances.

For filament operation, refer to INSTAIT. ATION for type '20.

APPLICATION

As a radio-frequency amplifier in multi-stage circuits, it is necessary to shield
carefully each stage and to include witchin the stage shield all of the component parts
of that stage. Unless this is done, the amplification possibilities of the 22 cannot
be realized.

As an audio-frequency amplifier, this tube may be operated with eicher the
screen-grid or space-charge-grid connection.  In either case, the value of plate-coupling
resistor should be of from 100000 to 250000 ohms. With the screen-grid arrange-
ment, a plate-supply voltage of 135 to 180 volts applied through the coupling resistor
isrecommended. Under these conditions, a screen volrage of 22.5 volts and a negative
grid voltage of 0.75 to 1.5 volts are suitable. For the space-charge-grid connection,
cthe inner grid is operated at 22.5 volts, while the outer grid becomes the control grid
and is biased negatively by from 0 to 1.5 volts, depending upon conditions of operation.
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RCA-24-A C-24-A

SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is a screen grid amplifier tube containing
a 2.5-volt uni-potential heater-cathode which permits
operation from alternating current. This tube is recom-
mended for use primarily as a radio-frequency amplifier in carefully shielded
circuits especially designed for it. The 24-A may also be used as a screen-
grid detector or audio amplifier.

CHARACTERISTICS

HeaTter Vortace (A. C.or D.CH.o oo 2.5 Voles
Heater CURRENT. ... . ... . .. 1.75 Amperes
PLate VorLrage®. ... ... ... ... ... .. 180 250 Voles

GRID VOLTAGE. ... oo -3 -3 Volts
ScrEEN VOLTAGE. . ... oo 90 90 max. Volts

Prate CURRENT. ... oo 4 4 Milliamperes
ScREEN CURRENT .. .o 1.7 1.7  max. Milliamperes
PrLaTe Resistance. . .......... .. ... .. 400000 600000 Ohms
AwmpLiFicaTION FacTorR . ... ... 0 L 400 630

Mutuar CONDUCTANCE. . ...\ oot e 1000 1050 Micromhos
Grip-PLate Caracitance (With shield-can) 0.007 max. uuf

InPUT CAPACITANCE. ..o v v oo o 5.3 wpuf

OuTPUT CAPACITANCE. . ..« o v oov e e n 10.5 puf

BuwLs (For dimensions, sce Page 131, Fig, 12) ... ... . ... ... ST-14

CAP . o Small Metal
Basg (For socket connections, see Page 150, Fig. 9). .. .. .. ... .. ..... Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the 24-A fit the standard five-contact socket. The socker may
be installed to operate the tube in any position.

The heater of the 24-A is intended for operation from a 2.5-volt winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 volts under conditions of operating load and average line voltage.

The eathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point of
the heater winding itself. Recommended practice is to have no voltage difference
between heater and cathode. If chis practice is not followed, the potential difference
between heater and cathode should be kept as low as possible.

The positive screen voltage for the 24-A may be obtained from a fixed or variable
tap on a voltage divider across the high-voltage supply, or across a porcion of the
supply.

Complete shielding in all stages of the circuit is necessary if maximum gain per
stage is to be obtained.
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APPLICATION

As a radio-frequency amplifier, the 24-A should be operated at the voltages
given under CHARACTERISTICS. Plate voltage and screen voltage are not cricical.
In general, properly designed radio-frequency transformers are preferable to inter-
stage coupling impedances, especially in cases where a high impedance B-supply may
cause oscillation below radio frequencies.

As a detector, the 24-A may be operated either with grid leak and condenser
or with grid bias (see page 18). For grid-bias detection, suitable operating conditions
are: Plate-supply voltage of 275 volts applied through a plate-coupling resistor of
250000 ohms, a positive screen voltage of 20 to 45 volts, and a negative grid bias
(approximately 5 volts) so adjusted that a plate current of 0.1 milliampere is obrained
with no input signal. TFor gril leak and condenser detection, suitable operating
conditions are: Plate-supply voltage of 275 volts applied through a plate-coupling
resistor of 250000 ohms, a positive screen voltage of 20 to 45 volts, a grid leak of 2
to 5 megohms, and a grid condenser of 0.00025 uf.

As a screen grid audio-frequency amplifier in resistance-coupled circuits, the
24-A may be operated under the following conditions: Plate-supply volcage of 250
volts, a negative grid bias of 1.0 volt, a positive screen voltage of 25 volts, a plate
current of 0.5 milliampere (approximate), a plate load resistor of 0.1 to 0.25 megohm,
and a grid resistor of 0.25 to 2.0 megohm:s.

AVERAGE PLATE CHARACTERISTICS
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: RCA-26 C-26

AMPLIFIER

The 26 is an amplifier tube containing a hlament de-
signed for operation on alternating current. It is useful
as a radio-frequency amplifier and as a cransformer-
coupled audio-frequency amplifier. The 26 is not ordi-
narily suitable for use as a detector or power output tube.

CHARACTERISTICS

Firament Vortacge (A. C.or D.C)oooooo o 1.5 Voles
Fieament CURRENT . . ..ot 1.05 Amperes
Prate VOLTAGE. ................. 90 135 180 max. Voles
Grip VoLTaGe®. . ... ... ... ...... -7 -10 -14.5 Voles
Prate CURRENT. ................. 2.9 5.5 6.2 Milliamperes
PrLaTeE RESISTANCE. ... ............ 8900 7600 7300 Ohms
AwmpLiricaTioN FacTor. . ....... ... 8.3 8.3 8.3
Mutuar CONDUCTANCE. .. ... ... ... 935 1100 1150 Micromhos
Grip-PLAaTE CAPACITANCE. ... ... ... 8.1 uuf
Grip-Freament CAPACITANCE. . . .. .. 3.5 uuf
PLaTe-FiLamenT CAPACITANCE. . .. .. 2.2 ‘uuf

ST-14

BuLe (For dimensions, see Page 151, Fig. 11) ... .. .. ... .. .........
Medium 4-Pin

BASE (For socket connections, see Page 150, Fig. 1). . . ... ... ........

* Grid voltage measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the 26 fit the standard four-contact socket. The socketr should
be installed so that the tube will operate in a vertical position.

The coated filament of the 26 should be operated at the rated volrage of 1.5
volts from the a-c line through a step-down transformer. For certain applications,
it may be operated from a d-c filament power source.

When the filament is a-c operated, the plate and grid recurn lead should be brought
(1) to the movable arm of a 20 to 40 ohm potentiometer across the filament winding,

or (2) to the mid-tap of the filament winding itself. When d.c. is used to operate
the filament, the grid and plate returns should be connected to the negative filament

terminal.
APPLICATION
As an audio-frequency amplifier, the 26 should be used wich transformer

coupling in order to secure the greatest amplification per stage.

As a radio-frequency amplifier, the 26 may be operated ac plate volrages as
fow as 90 volts with good results.
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PLATE MILLIAMPERES

PLATE MiLLIAMPERES

PLATE MILLIAMPERES

AVERAGE PLATE CHARACTERISTICS
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C-27

DETECTOR, AMPLIFIER

The 27 is a three-electrode general purpose tube con-
taining a 2.5-volt heater-cathode of the equi-potential
type which permits operation from alternating current.

CHARACTERISTICS

TUBES

Heater Vortace (A. C.or D.C) oo 2.5 Volts
Heater CURRENT. ... ... o 1.75 Amperes
PLate VoLtaGge®..... ... .. 90 135 180 250 Volts

Grip VOLTAGE. ........... -6 -9 -13.5 -21 Volts
Prate CURRENT. .. .. ... ... 2.7 4.5 5.0 5.2 Milliamperes
PLATE RESISTANCE. . .. ... .. 11000 9000 9000 9250 Ohms
AwmpLiricaTioN FacTor. . ... 9 9 9 9

Mutuar CoNDUCTANCE.. . .. 820 1000 1000 975 Micromhos
Grip-PLaTE CAPACITANCE. . . 3.3 nuf
Grip-CatHopE CAPACITANCE. 3.5 uuf
PraTe-CatHope CAPACITANCE 3.0 uuf

BuLB (For dimensions, see Page 151, Fig. 9). . . .. .. vt i S5-14
Medium 5-Pin

BASE (For socket connections, see Page 150, Fig. 8). .. .. .. ...........

* Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the 27 fit the standard five-contact socket. The socket may be
mounted to hold the tube in any position.

The heater of the 27 is intended for operation from a 2.5-volc winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 volts under conditions of operation and average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, ot (3) to the mid-poinc of
the heater winding itself. Recommended practice is to have no potential difference
between heater and cathode.  If this practice is not followed, the potential difference
should be kept as low as possible.

APPLICATION

As an amplifier, the 27 is applicable to the audio- or the radio-frequency stages
of a receiver. Recommended plare and grid voltages are shown under CHAR-
ACTERISTICS. A plate family for this type is given on the preceding page.

As a detector, the 27 may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for grid leak and condenser detec-
tion is 45 volts (see page 18). A grid leak of from 1 to 5 megohms used with a grid
condenser of 0.00025uf is suitable. For grid-bias detection, a plate voltage of 230
voles or less may be used. The corresponding grid bias should be adjusted so that the
place current, when no signal is being received, is approximately 0.2 milliampere. For
the condition of 250 volts on plate and cransformer coupling, the grid bias will be
approximately =30 volts.
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RCA-30 C-30

DETECTOR, AMPLIFIER

The 30 is a detector and amplifier tube of the three-electrode
type. It has a coated filament which takes as little power as pos-
sible consistent with satisfactory operating performance. This fea-
ture makes the 30 particulatly suitable in batrery-operated radio
receivers where economy of filament-current drain is important.

CHARACTERISTICS
FiLament Vortacge (D. C). oo oo 2.0 Volts
FiLamMenT CURRENT . ... ...t 0.060 Ampere
Prate VoLTAGE. ... oL 90 135 180 max. Volts
GRID VOLTAGE. .. .ot oo -4.5 -9 -13.5 Volts
Prate CURRENT. ..ot 2.5 3.0 3.1 Milliamperes
PrLATE RESISTANCE. .. .. oot 11000 10300 10300 Ohms
AwmpriricaTioN Factor. ... ... .. 9.3 9.3 9.3
Mutuar CONDUCTANCE. . ..o oo .o .. 850 900 900 Micromhos
Grip-PLATE CAPACITANCE. . .. ... ... 6.0 ppf
Grip-FiLament CAPACITANCE. . . .. .. 3.7 uuf
PraTe-Fiament CaraciTance. ... .. 2.1 wupuf
BuLs (For dimensions, see Page 151, Fig. €)oo v v vt i e i e e e ST-12
Base (For socket connections, see Page 150, Fig 1), o v v v v e v s vnvi e n Small 4-Pin

INSTALLATION

The base pins of the 30 fic the standard four-contact socket. The socket should
be installed so that the rube will operate in a vertical position. Cushioning of the
socket in the detector stage may be desirable if microphonic disturbances are en-
countered.

The coated filament of the 30 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a fila-
ment rheostat may be used rogether with a permanently installed voltmeter to insure
the proper filament voltage. For operation from a 2-volt lead storage-cell, cthe 30
requires no filament resistor. Operation with an air-cell battery requires a fixed
resistor in the filament circuic. This resistor should have a value such that with a
new air-cell battery, the voltage applied across the filament terminals will not initially
exceed 2.13 volts.  Socket terminal No. 3 (see socket connections) should be connected
to the positive battery terminal.  Series operation of the filaments of these tubes is not
recommended.

APPLICATION

As a detector, the 30 may be operated either with grid leak and condenser or
with grid-bias. The plate voltage for the former method should preferably not be
more than 45 volts. A grid leak of from 1 to 5 megohms used wicth a grid condenser
of 0.00025 uf is satisfactory. The grid recurn should be connected to the positive
filament socket terminal.  For grid-bias detection, plate voltagesupro the maximum
value of 180 volts may be used. The corresponding grid-bias should be adjusted so
that the plate current is about 0.2 milliampere when no signal is being received.

As an amplifier, the 30 is applicable to the audio- and the radio-frequency stages
of a receiver. Plate voltages and the corresponding grid voltages should be deter-
mined from the CHARACTERISTICS and the curves in order to obtain optimum
performance and freedom from distorcion.  The plate family for this type is given on

page 64.
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RCA-31 C-31

POWER AMPLIFIER

The 31 is a power amplifier tube of the three-electrode type.
It has a coated filament which takes as little power as possible con-
sistent with satisfactory operating performance. This feature makes
the 31 particularly suitable in battery-operated radio receivers where
economy of filament-current drain is important.,

CHARACTERISTICS
Firament Vortage (D. C).. ool 2.0 Volts
Freament CURRENT . ..o 0.130 Ampere
PLATE VOLTAGE. ... ... . i 135 180 max. Volts
GRID VOLTAGE. .. ..o v e -22.5 -30 Volts
PraTe CURRENT. . ... oo 8.0 12.3 Milliamperes
Prate Resistance. .. ......... ... ... .... 4100 3600 Ohms
AwmpLiricatioN FacTor. . ... .. .. L 3.8 3.8
MutuarL CONDUCTANCE. v.vo oo o 925 1050 Micrombhos
Loap RESISTANCE. . ...................... 7000 5700 Ohms
UnbistortED POoWEr QuTPUT. . 0.0 oL ... 0.185 0.375 Wartt
BuLs (For dimensions, see Page 151, Fig. 6). . ... .. o ST-12
Base (For socket connections, see Page 150, Fig. 1). .. ....... ... .... Small 4-Pin

INSTALLATION

Refer to INSTALLATION on Type 30.

APPLICATION

As a power amplifier, the 31 should be operated as shown under CHAR-
ACTERISTICS.  Grid voleage for the 31 may be obrained from a C-battery, ot by
use of the voltage drop in a resistor connected in the negative plate-recurn lead. The
latter method is known as the self-biasing method and is required where a grid resistor
(maximum value 1 megohm) is used. [f more output is desired than can be obtained
from a single 31, two 31’s may be operated either in parallel or push-pull connection.

AVERAGE PLATE CHARACTERISTICS

T T
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RCA-32 C-32

RADIO-FREQUENCY AMPLIFIER

The 32 is a screen grid tube recommended primarily for use as a
radio-frequency amplifier. It contains a coated filament which
takes as lictle power as possible consistent with satisfactory operating
performance. This feature makes the 32 particularly suitable in
battery-operated radio receivers where economy of filament-currenc

drain is important.

CHARACTERISTICS
Firament Vortage (D.C) ..o 2.0 Voles
FiLamenT CURRENT . . .. ..o ii i 0.060 Ampere
PLate VOLTAGE. ... oo vii i 135 180 max Voles
SCREEN VOLTAGE . . . oo oot ie e 67.5 67.5 max. Volts
GrID VOLTAGE. . ...t oo 3 -3 Volts
PLate CURRENT. . ..ot 1.7 1.7 Milliamperes
ScreeN CURRENT. oo vt it 0.4 0.4 max. Milliampere
PLaTE RESISTANCE. .. ... ..ot 950000 1200000 Ohms
AwmprLiricaTioN Factor. .. ... oo 610 780
MuTtuarL CONDUCTANCE. . ... o vvii i n s 640 650 Micromhos
Grip-Prate Caracitance (Wich shield-can). 0.015 max. upf
InpUT CAPACITANCE. ... o oot 6.0 puf
Qurtpur CAPACITANCE. . .. vt ovee e 11.7 uuf
Burs (For dimensions, see Page 151, Fig. 12). . .. ... .. ............. ST-14
CAP . o e Small Metal
Base (For socket connections, see Page 150, Fig. 4). . . .. ... ... ....... Medium 4-Pin

INSTALLATION

For socket mounting and filament operation, refer to INSTALLATION for
Type 30.

The positive screen voltage may be obtained from a tap on the plate battery or a
bleeder circuit across the supply battery in part or in full. Never attempt to obtain
the screen voltage for the 32 by connecting the screen through a series resistor to a high-
voltage source. The results will not be satisfactory because of voltage-drop variation
produced by the different screen currents of individual cubes.

Volume control may be effected by variation of the screen voltage between 0
and 67.5 volts.  The variation must, however, be made by a potentiometer shunted
across the screen-voltage supply and not by a high-resistance rheostat.

Complete shielding of all stages is recommended if maximum gain per stage is
to be obtained.

APPLICATION

As a radio-frequeney amplifier, the 32 is operated as shown under CHAR-
ACTERISTICS. Neither the plate voltage nor the screen voltage is critical. In
general, properly designed radio-frequency transformers are preferable to incerstage
coupling impedances, especially in cases where a high impedance B-supply may cause
oscillation below radio frequencies.
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As a detector, the 32 may be operated either with grid leak and condenser or witch
grid bias. For grid-bias detection, suitable operating conditions are: Plate-supply
voltage, 135 volts applied through a plate-coupling resistance of 100000 ohms or an
equivalent impedance; positive screen voltage, 67.5 volts; and a negative grid bias
(approximately 6 volts) so adjusted that a plate current of 0.2 milliampere is obrained
with no input signal. For grid leak and condenser detection, suitable operating
conditions are: Plate-supply voltage, 135 volts applied through a plate-coupling
resistor of 250000 ohms; a positive screen voltage up to 45 volts; a grid condenser
of 0.00025 uf; and a grid leak of 1 to 5 megohms.

In designing circuits to use the 32 as a detector, it is desirable to work from the
detector stage directly into the power-output stage.

As an audio-frequency amplifier in resistance-coupled circuits, the 32 may be
operated under the following conditions: Plate-supply voltage, 180 volts applied
through a plate-coupling resistor of 100000 to 250000 ohms (or a 500-henry choke
shunted by a 0.25 megohm resistor); plate current, 0.25 milliampere (approxirmate);
grid voltage, —1 volt; and a grid resistor, 0.25 to 2.0 megohms.

AVERAGE PLATE CHARACTERISTICS
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RCA-33 C-33

POWER AMPLIFIER PENTODE

The 33 is a power amplifier pencode for use in the output stage
of battery-operated receivers. The low filament current required
by the 33 makes this tube particularly applicable for use in radio sets
where economy of battery consumption is important.

The 33 is capable of producing greater power output than three-

electrode power amplifiers of the same plate-current drain.  Furcher-

more, this tube has the design feature of greater amplification than is possible in a three-
electrode amplifier cube without serious sacrifice in power output.

CHARACTERISTICS
Firament Vortace (D. C) .. ... ... 2.0 Volts
Firament CURRENT . ... .. ... i 0.260 Ampere
PLATE VOLTAGE. ... .o 135 max. Volts
SCREEN VOLTAGE. . .o\ ottt 135 max. Volts
GRID VOLTAGE. .. ...t i i -13.5 Volts
PLaTe CURRENT. .. ..ot i 14.5 Milliamperes
SCREEN CURRENT . - ot v e it et iie e 3 Miiliamperes
PLaTe RESISTANCE. .. .. .. . . e 50000 Ohms
AwmpLiIFICATION FaCTOR . . ... ... ... 70
MuTuAL CONDUCTANCE. . ...t v i tii i e i 1450 Micromhos
Loabp RESISTANCE. . ... .o i i 7000 Ohms
Power QUTPUT. .. ... e 0.7 Watt
BuLs (For dimensions, see Page 151, Fig. 11) .. ... oot iiee e e ST-14
BAsE (For socket connections, see Page 150, Fig. 6) . ... ... .ovvunnn.. Medium 5-Pin

INSTALLATION

The base pins of the 33 fit the standard five-contact sockert. The socket should
be installed so that the tube will operate in a vertical position. In some cases, cushion-
ing of the socket may be found desirable.

For filament operation, refer to INSTALLATION for Type 30.

APPLICATION

For the power amplifier stage of radio receivers, the 33 is recommended eicher
singly or in push-pull combination. More than one audio stage preceding the 33
is undesirable because of the possibility of microphonic discurbances resulting from
che high level of amplification. If a single 33 is operated self-biased, the self-biasing
resistor should be approximately 770 ohms. This resistor should be shunted by a
suitable filter network to avoid degenerative effects at low audio frequencies. The use
of two 33’s in push-pull eliminates the necessity for the network. The self-biasing
resistor required for the push-pull stage is approximarely 385 ohms. Transformer or
impedance coupling devices are preferable. If resistance coupling is employed, che
grid resistor should not exceed a value of more than 1.0 megohm under self-bias condi-
tions; without self-bias, maximum value is 0.5 megohm.

An output transformer should be used to couple this tube to the winding of the
reproducing unit. The oprtimum load resistance for the oucput device is 7000 ohms.
For best results, the impedance in the plate circuit of the 33 should be as uniform as
possible over the entire audio-frequency range.

The plate family of curves is given on the preceding page.
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RCA-34 C-34

SUPER-CONTROL R-F AMPLIFIER PENTODE

The 34 is a super-control pentode recommended for use primarily
as a radio-frequency amplifier and intermediate-frequency amplifier
in battery-operated receivers where economy of filament-current drain
is important.

The 34 is very effective in reducing cross-modulation and modu-
lation-distortion over the usual range of signal voltages without the
use of antenna potentiometers or auxiliary volume-control switches. (See Super-
Control amplifier page 11.) This super-control characteristic makes the tube uniquely
adaptable to the r-f and i-f stages of receivers employing automatic volume control.

CHARACTERISTICS

Fieament Vortace (D. C.). ... ..o oo .t 2.0 Voles
Freament CORRENT . . ... oo 0.060 Ampere
PLATE VOLTAGE. . ... o vi vt 67.5%* 135 180 max.  Volts
Screen Vortace (Maximum®*).... 67.5 67.5 67.5 Volts
Grip VoLtacg, Variable (Min.). ... -3 -3 -3 Volts
Prate CURRENT. .. .. ... .. ... 2.7 2.8 2.8 Milliamperes
ScreeN CURRENT........ovvnn ... 1.1 1.0 1.0 Milliamperes
PraTe ResisTance. ... ... .. ... 0.4 0.6 1.0 Megohm
AwmpLiricaTioN Factor. . ... ... .. 224 360 620
Mutuar CONDUCTANCE. ...\ v ot .. 560 600 620 Micromhos
Mutuar Conpucrance (At -22.5

volts bias). . ................. 15 15 15 Micromhos
Grip-Prate Caracrrance (With

shield-can)................... 0.015 max. uuf
InpuT CAPACITANCE. ... v v vt .. 6.0 uuf
Outpur CAPACITANCE. .. ... ...... 12.6 wuf
Burs (For dimensions, see Page 151, Fig. 12). .. .. . ... ... ... ... ST-14
AP, ottt e Small Meral
BASE (For socket connections, see Page 150, Fig. 4A) . .. .o vvv vt on .. Medium 4-Pin

* Under conditions of maximum plate current. ** Recommended values for use in portable receivers.

INSTALLATION

The base pins of the 34 fit the standard four-contact socket. Alchough this tube
is quite free from microphonic disturbances, cushioning of its socket may sometimes
be desirable.

For filament operation, refer to INSTALLATION for Type 30.

The screen voltage may be obtained from a tap on the B-supply battery or from
a bleeder circuit across the battery, as a whole or in parc.  Due to the screen current
characteristics of the 34, a resistor in series with the B-supply may be employed, if
desired, for obtaining the screen voltage, provided the maximum voltage between
screen and filament does not exceed 100 volts under conditions of reduced plate current.

Stage shielding enclosing all the components of each stage is, in general, neces-
sary for multi-stage amplifier circuits.
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APPLICATION

As an r-f or i-f amplifier, the 34 is applicable in receivers designed for it. Plate,
screen, and minimum grid voltages ate given under CHARACTERISTICS for a
number of operating conditions.

Volume control of the receiver is accomplished effectively by variation of the
negacive voltage applied to the grid. In order to obrain adequate volume control,
an available grid-bias voltage of approximately —22.5 volts will be required. The
exact value will depend upon the circuit design and operating conditions. This
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate source,
depending on receiver requirements.

Owing to the fact that the super-control feature of the 34 requires a compara-
tively large grid-bias change, the screen and plate voltage may vary considerably for
various volume settings depending on receiver design. It is recommended, therefore,
that design features be incorporated in the receiver so that the screen voltage will not
exceed 67.5 volts under conditions of minimum grid bias and maximum plate current.
With a design arrangement of this kind, the screen volrage at decreased values of
plate current may reach a value higher than 67.5 volts but should not exceed 100
volts. It should be recognized that under the condition of screen voltage above 67.5
volts at low plate current, an increase in the grid-bias volrage supply must be provided
for adequate volume control.

As the mixer in superheterodyne circuits, the 34 may be utilized to advantage.
In such service, the grid bias may or may not be made variable. Wich variable bias,
the peak oscillator voltage should be preferably about one volc less than the lowest
operating grid bias. This practice will eliminace che possibility of cross-modulation
caused by the mixer drawing grid current. Witchout variable bias, the oscillator peak
volrage should be considerably less than the grid bias to prevent grid current on very
strong signal swings. It should be noted chat by varying the grid bias on the mixer
in conjunction with that on the radio-frequency and/or the intermediate-frequency
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS
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RCA-35 C-35

SUPER-CONTROL RADIO-FREQUENCY
AMPLIFIER

The 35 is a super-control screen grid amplifier tube containing
a 2.5-volt heater-cathode of the equi-potencial type. It is recom-
mended as a radio-frequency amplifier and an intermediate-fre-
quency amplifier in a-c receivers. The 35 is very effective in reduc-
ing cross-modulation and modulation-distortion over the entire range
of received signals. Its design is such as to permit easy control of a large range of
signal voltages without the use of local-distance switches or antenna potentiometers.
This super-control feature makes the tube adaptable to circuits incorporating auto-
matic volume control. See page 11 for Super-Control feature.

CHARACTERISTICS

Hearer Vorrace (A. C.or D.CH.o oo 2.5 Volts
Heater CUrRRENT . ... ... ... .. ... ... ... .... 1.75 Amperes
PLaTte VoLtace®. . ... .. ... ... ... .... 180 250 Volts
SCREEN VOLTAGE. . . .o v viie o 90 max. 90 max. Vol

Grip Vorrace, Variable (Minimum). .. .. -3 -3 Volts

Prate CORRENT. .. ... ... 6.3 6.5 Milliamperes
Screen Current (Maximum).......... .. 2.5 2.5 Milliamperes
PrLaTe Resistance. . ... ..o L 300000 400000 Ohms
AwmpLiricaTioN Factor . . ... ... L. 305 420

MutuaL CONDUCTANCE. . . ... oo oot 1020 1050 Micromhos
Muruar Conpuctance (At —40 volts bias) 15 i5 Micromhos
Grip-Prate Caracrrance (With shield-can) 0.007 max. uuf

InpuT CAPACITANCE. ..« o oo oo 5.3 puf

QuTtpuT CAPACITANCE. . .. oo oo oo 10.5 uuf

BuLs (For dimensions, see Page 151, Fig. 10) . . ... ... ... .. . ....... S-14

CAP. o Small Metal
Base (For socket connections, see Page 150, Fig. 9) . ... ... .. ... ..., Medium 5-Pin

*Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the 35 fir the standard five-contact socker. The socket may be
mounted to hold the tube in any position.

The heater of the 35 is intended for operation from a 2.5-volc winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 voits under operating conditions and with average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point of
the heater winding itself. Recommended practice is to have no potential difference
between heater and cathode.  If this practice is not followed, the potential difference
should be kept as low as possible.

The positive sereen voltage for the 35 may be obrained from a fixed or variable
tap on a voltage divider across the supply voltage or a portion of the supply.
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Complete shielding for all stages of the circuit is necessary if maximum gain and
the volume-control-range capabilities of this tube are to be realized.

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 35
should be operated as shown under CHARACTERISTICS. In general, properly
designed radio-frequency transformers are preferable to interstage coupling impedances,
especially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.

Volume control of receivers designed for the 35 may be accomplished by vari-
ation of the negative grid bias of this tube. In order to utilize the full volume-
control range of the 35, an available grid-bias voltage of approximately 50 volts will
be required, depending upon the circuic design and operating conditions. This
voltage may be obrained from a potentiometer, a bleeder circuit, or an adjustable
cathode resistor.

As a detector working directly into an audio-frequency amplifier, the 35 is not
ordinarily suited. However, this tube does have a very useful application as a mixer
(first detector) in superheterodyne circuits.  Suitable operating voltages for such service
are: Plate voltage, 250 volts; screen volrage, 90 volts; and grid-bias, —7 volts with a
6-volt peak swing from the oscillator. By varying the grid-bias on the mixer in con-
junction with that on the radio-frequency and/or the intermediate-frequency stages,
additional control of volume may be accomplished.

As an audio-frequency amplifier, the 35 may be used in a single stage, resisc-
ance-coupled circuit when it is followed by not more than one amplifier stage. Addi-
tional stages of amplification are not recommended because of the possibility of noise
and microphonic disturbances resulting from the high level of amplification  Suitable
operating voltages for such service are: Plate-supply voltage, 180 to 250 volts, applied
through a load resistor of 100000 to 200000 ohms; screen voltage, 25 volrs; grid bias,
—1 volt. In general, the higher value of load resistor will permit increased amplifica-
tion but will give poorer fidelity. The higher plate-supply volrages allow increased
signal swing without distortion but are nor required where only small signals are to be
amplified. In resistance-coupled circuits employing the 35, the grid resistor should
have a value not exceeding 1.0 megohm.

AVERAGE PLATE CHARACTERISTICS
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RCA-36 C-36

RADIO-FREQUENCY AMPLIFIER

The 36 is a heater-cathode type of screen grid tube intended for
use as a radio-frequency amplifier, intermediate-frequency amplifier,
and derector. Its heater-cathode construction permits of operation on
either a-c or d-c power supply. The relatively low heater current of
this type makes it suitable for automobile receivers and for power-
line-operated sets, particularly those with a series-heater arrangement.

CHARACTERISTICS

Heater Vortace (A. C.or D.CHooo o000 6.3 Volts
Heater CURRENT. ... ooiiii i 0.3 Ampere
PLate VOLTAGE. .. ... ... .. 100 135 180 250 max. Volts
ScREEN VOLTAGE. . .. .. .... 55  67.5 90 max. 90 max. Volts
GriD VOLTAGE. ... ........ 1.5 -1.5 -3 -3 Volts
Prate CurreNT. ... .. ... .. 1.8 2.8 3.1 3.2 Milliamperes
ScreeNn CURRENT ... ... ... — 1.7 max.  Milliamperes
Prate ResisTance. . ... .. .. 0.55 0.475 0.5 0.55 Megohm
AwmrrLiricaTiON Facror. .. .. 470 475 525 595
Mvutuar CoNpUCTANCE. . . . 850 1000 1050 1080 Micromhos
Grip-Prate CapaciTance

(Wich shield-can)...... .. 0.007 max. wuf
InpuTr CAPACITANCE. ... . ... 3.7 uuf
QOurrut CAPACITANCE. . . . . . 9.2 wuf
BuLB (For dimensions, see Page 151, Fig. 7V, . .. .. ST-12
CAP. . Small Metal
Base (For socket connections, see Page 150, Fig. 9) ... o o oL Small 5-Pin

INSTALLATION

The base pins of cthe 36 fic the standard five-contact socket which may be mounted
to hold the tube in any position.

For heater operation and cathode connection, refer to INSTALLATION for
Type 6A7.

The positive sereen voltage for the 36 may be obtained from a section of the
B-battery, or from a fixed or variable tap on a voltage divider connected across the
supply voltage, or a portion of the supply. The impedance between the screen and
cathode should be kept as low as possible by means of a suitable by-pass condenser.

Complere shielding of all stages of the circuic is necessary if maximum gain per
stage is to be obtrained.

APPLICATION

As a radio-frequency amplifier, the 36 should be operated as shown under
CHARACTERISTICS. Neither the plate nor the screen volrage is crivical, In
general, properly designed radio-frequency transformers are preferable to interstage-
coupling impedances, especially in cases where a high impedance B-supply may cause
oscillation below radio frequencies
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As a detector, the 36 may be operated either wich grid leak and condenser or
with grid bias. For grid-bias detection, suitable operating conditions are: Plate-
supply volrage, 180 volts applied through a plate-coupling resistor of 250000 ohms;
positive screen voltage, 67.5 volts; and negative grid bias, 6 volts (approx.), so ad-
justed that a plate current of 0 1 milliampere is obtained with no input signal.  When
grid leak and condenser detection is employed, a plate volrage of 135 volts applied
through a plate-coupling resistor of 250000 ohms together with a positive screen
voltage up to 45 volts will be satisfactory. A grid leak of 2 to 5 megohms and a grid
condenser of 0.00025 uf will be suitable.

AVERAGE PLATE CHARACTERISTICS
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RCA-37 C-37

DETECTOR, AMPLIFIER

The 37 is a three-electrode, general purpose tube of the
heater-cathode type. Its heater-cathode construction per-
mits of operation on either a-c or d-c power supply. The
relatively low heater currenc of this type makes it suitable
for automobile receivers and for power-line-operated sets, particulatly
those with a series-heater arrangement.

CHARACTERISTICS

HeaTter Vortace (A. C.or D. C). ... . ... 6.3 Voles
Hrater CURRENT. ... 0.3 Ampere
PLaTE VOLTAGE. ... ...... 90 135 180 250 max. Volts

GriD VOLTAGE. . .......... -6 9 -13.5 -18 Volts
Prate CURRENT. .. ... ... .. 2.5 4.1 4.3 7.5 Milliamperes
PLaTe Resistance. ... ... .. 11500 10000 10200 8400 Ohms
AwmpriricaTioN Factor. .. .. 9.2 9.2 9.2 9.2

MutuaL CONDUCTANCE. . . . 800 925 900 1100 Micromhos
Grip-PLaTe CaPACITANCE. . . 2.0 uuf
Grin-Carnone CAPACITANCE 3.5 puf
Prarte-Catnone CAPACITANCE 2.2 uuf

BuLp (For dimensions, see Page 151, Fig. 6). . . ... o i i ST-12

BASE (For socket connections, see Page 150, Fig. 8) .. ... ... .. .. ... Small 5-Pin

INSTALLATION

The base pins of the 37 fit the standard five-contact socket.  The socker may be
mounted to hold the tube in any position.

For heater operation and cathode connection, refer to INSTALLATION for
Type 6A7.

APPLICATION

As a detector, the 37 may be operated with either grid leak and condenser or
with grid bias. The recommended plate voltage for the grid leak and condenser
method is 45 volts A grid leak of from 1.0 to 5.0 megohms used with a grid con-
denser of 0.00025 wf is suitable.

For grid-bias detection a plate voltage of 135 volts together with a negative grid
bias of approximately 15.5 volts may be used. The plate current should be adjusted
to 0.2 milliampere with no input signal. The grid-bias voltage may conveniently
be obtrained from the voltage drop in a resistor between the cathode and ground. The
value of this self-biasing resistance is not critical, 75000 co 100000 ohms being suitable.
The higher value will allow the use of a larger input signal.

As an amplifier, the 37 is applicable to the audio- or the radio-frequency stages
of a receiver. Plate voltages and the corresponding grid voltages for amplifier service
should be determined from CHARACTERISTICS and curves to obtain optimum
performance and freedom from distortion.  The plate family is given on the preceding
page.
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RCA-38 C-38

POWER AMPLIFIER PENTODE

The 38 is a power amplifier pentode of the heater-
cathode type. Its heater-cathode construction permits of
operation on either a-c or d-c power supply. The relatively
low heater current of this type makes it suitable for auto-
mobile receivers and for power-line-operated sets, particularly those with
a series-heater arrangement.

CHARACTERISTICS

Heater Vortace (A. C.or D. C).o oo L. 6.3 Voles

Heater CURRENT. ... .. ..o 0.3 Ampere

PraTe VOLTAGE. ..... ... 100 135 180 250 max.  Volts

ScreeN VOLTAGE. . ... ... 100 135 180 250 max. Voles

Grip VOLTAGE.......... -9 -13.5 -18 -25 Voles

PraTe CURRENT . . ... .. .. 7 9 14 22 Milliamperes

Screen CURRENT. .. ... ... 1.2 1.5 2.4 3.8 Milliamperes

PraTe REesisTance. ... ... 0.14 0.13 0.11 0.10 Megohm

AwmpriricaTioNn Facrtor. . . 120 120 120 120

MutvuaL Conpucrance. .. 875 925 1050 1200 Micromhos

Loap REsisTaNcE........ 15000 13500 11600 10000 Ohms

Power OurtpuT. .. ... ... 0.27 0.55 1.0 2.5 Watts

BuLs (For dimensions, see Page 151, Fig. 7). .. . . ... i .. ST-12

CAP . e i e e Small Metal

Base (For socket connections, see Page 150, Fig. QA) .. ... ... ... ..... Small 5-Pin
INSTALLATION

The base pins of the 38 fit the standard five-contact socker which may be installed
to hold the tube in any position.

For heater operation and eathode connection, refer to [INSTALLATION for
Type 6A7.

APPLICATION

For the power amplifier stage of radio receivers, the 38 is recommended either
singly or in push-pull combination. More than one audio stage preceding the 38 is
undesirable because of the possibility of microphonic disturbances resulting from the
high level of amplification. Transformer or impedance-coupling devices are prefer-
able. If, however, resistance coupling is used, the grid resistor should be limited
for a self-biased tube to 1.0 megohm with plate voltages up to 250 volts provided the
heater volrage does not rise more than 109, above the rated value under any condition
of operation. In the case of a fixed-bias tube, the grid resistor should be limited to 0.5
megohm for plate voltages of 100 to 135 volts, and to 0.1 megohm for 180 to
250 volts.

A family of plate characteristics for chis type is given at the bottom of page 80.



@Rﬂdiotron 7
RADIO TUBES

RCA-39/44 C-39/44

SUPER-CONTROL R-F AMPLIFIER PENTODE

The 39/44 is a heater-cathode tube of the remote cut-off type
suitable for use primarily as a radio-frequency amplifier, intermediate-
frequency amplifier, and mixer in receivers designed for its characrer-
istics. The 39/44 is effeccive in reducing cross-modulacion and
modulation-distortion over the usual range of signal volcages without
the use of antenna potentiometers or auxiliary volume-control switches.
An explanation of the Super-Control feature is given on page 11.

CHARACTERISTICS

Hearer Vorrace (A. Coor 1D C).ooooo o 6.3 Voles
Heater CURRENT. ... oot i it 0.3 Ampere
Prate VOLTAGE. . ... ... 90 180 250 max. Volts
ScREEN VOLTAGE. . .o ovv v nn o 90 90 90 max. Volts
GrID VOLTAGE. . ..ot ioveeiee e -3 -3 -3 min. Voles
PLaTe CURRENT. .. oo v 5.6 5.8 5.8 Milliamperes
ScrEEN CURRENT . ......ovvvvnnn ... 1.6 1.4 1.4 Milliamperes
Prate Resistance. ... ... .. ... 0.375 0.750 1.0 Megohm
AwmprLiFicaTiON FacTor. .. ... ... ... 360 750 1050
Murtuar CONDUCTANCE. . ... . ... .. 960 1000 1050 Micromhos
Muruar Conpuctance (At -42.5

volesbias). . ........ ... . .. ... 2 2 2 Micromhos
Grip-PLaTe Caracrrance (With

shield-can). .. ................. 0.007 max. wuf
Invur CAPACITANCE. ... ... ... ... .. 3.5 puf
Ovurrur CAPACITANCE. . ... .. ...... 10 wuf
BuLs (For dimensions, see Page 151, Fig. 7). . . . . o o oo i i ST-12
[0 N O Small Metal
BasE (For socket connections, sce Page 150, Fig. 9A). . .. .. ........... Small 5-Pin

INSTALLATION

The base pins of the 39/44 fit the standard five-contact socket. The socket may
be installed to hold the tube in any posicion.

For heater operation and cathode connection, refer to INSTALLATION for
Type 6A7.

The positive screen voltage for the 39/44 may be obtained from a section of the
B-battery, from a fixed or variable tap on a voltage divider across the supply volt-
age, or from a portion of the supply. Care should be taken to keep the impedance
between the screen and cathode as low as possible.

When the 39/44 is self-biased, a resistor in series with the high voleage supply may
be used for obtaining the screen voltage. This is possible because of the stable screen-
current characteristic of the 39/44 pentode. The resistor method of securing the
screen voltage is limited to circuits where the screen-voltage supply does not exceed
180 volts as a maximum. The value of this resistance should be such that under the
conditions of minimum grid bias and maximum plate current the screen voltage will
not exceed 90 volts. A resistance of approximately 80000 ohms will be suitable.

Complete shielding of all stages is necessary if maximum gain per stage is to be

obrained.
APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 39/44
should be operated as shown under CHARACTERISTICS. In general, properly
designed radio-frequency transformers are preferable to interstage coupling impedances,
especially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.
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Volume control of reccivers designed for the 39/44 may be accomplished by
variation of the negative grid bias of this tube. In order to obrain adequate volume
control, an available grid-bias voltage of approximately 45 volts will be required.
The exact value will depend upon the circuit design and operating conditions. This
voltage may be obtained from a potentiometer, a bleeder circuit, a variable resistor
in the cathode circuit, or from a separate soutce.

As a detector working directly into an audio-frequency amplifier, the 39/44 is not
ordinarily suited. However, it does have a very useful application as the mixer
in superheterodyne circuits and may be utilized to advantage in that position. Suic-
able operating voltages for such service are: Plate voltage, 90 to 250 volts; screen
voltage, 90 volts; grid voltage, =7 volts (approx.). With variable bias on the mixer,
the peak oscillator voltage should be preferably about one volt less than the minimum
grid-bias (approximately 7 volts). This practice will eliminate the possibility of
cross-modulation caused by the mixer drawing grid current. Without variable bias
on the mixer, the oscillator peak voltage should be considerably less than the grid-bias
to prevent grid cutrent on very strong signal voltage swings.

AVERAGE PLATE CHARACTERISTICS
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RCA-41 C-41

POWER AMPLIFIER PENTODE

The 41 is a power amplifier pentode of the heater-cathode type
for use in the audio-output stage of radio receivers, especially those
of the mobile type which obtain their heater-supply voltage from a
storage battery. The tube is capable of giving a large power output
with a relatively small input-signal voltage.

In comparison with other types for the output scage of automobile
receivers, the 41 has greater power output capability than the 38 and has the same out-
put as the 89 with the pentode connection. The 41 has higher power sensitivity than
the 89 but lacks the 89’s flexibility of application to Class A and to Class B Triode
amplifier circuits. These three types are not interchangeable.

CHARACTERISTICS

Heater Vortace (A. C.or D. C).. .00 o 6.3 Volts

HeaTER CURRENT . ... oot 0.4 Ampere

PLate VoLTAGE. . ... ... .. .. .. 100 135 180 250 max. Volts

ScreeN VOLTAGE. .. .. ......... 100 135 180 250 max. Vols

Grib VOLTAGE. . ... ... ... ... -7  -10 -13.5 -18 Volts

Prate CurRRENT. ... ...l 9.0 12.5 18.5 32 Milliamperes

Screen CURRENT............... 1.6 2.2 30 5.5 Milliamperes

Prate REsisTance. .. ... . ... ... 103500 94000 81000 68000 approx. Ohms

AwmpLiFicaTioN FacTtor . . ... .. .. 150 150 150 150 approx.

Mutuar ConDUCTANCE. .. ... . .. 1450 1600 1830 2200 Micromhos

Loap Resistance.............. 12000 10400 9000 7600 Ohms

Power QurpuT. .. ..ol 0.33 0.75 1.5 3.4 Watrts

BuLB (For dimensions, sce Page 151, Fig. 6). . . ... .. .. ... . ....... ST-12

Base (For socket connections, see Page 150, Fig. 15A) ... ... ... ...... Medium 6-Pin
INSTALLATION

The base pins of the 41 fit the standard six-contact socket which may be installed
to hold the tube in any position.

The bulb of chis tube will become very hoc under cercain condicions of operation.
Sufhcient ventilation should be provided to prevent overheating.

The heater of the 41 is designed to operate directly from a 6-volt automobile
storage battery despite the volrage fluctuations during the charge and discharge periods.
If the heater is operated with a.c., the transformer winding which supplies the heater
circuit should be designed to operate the heater ac 6.3 volts for full-load operating
conditions at average line voltage.

In a series-heater circuit employing several 6.3-volt types and one or more 41’s, the
heaters of the 41’s should be placed on the positive side. Furthermore, since most
6.3-vole types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater current of the 41. FEach 6.3-volc
tube of the 0.3-ampere type in the series circuic should, therefore, be shunted by a
bleeder resistance of 63 ohms.
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For cathode connection, refer to INSTALLATION for Type 6A7.

APPLICATION

For the power amplifier stage of automobile receivers and other receivers, the
41 may be used cither singly or in push-pull combination More than one audio
stage preceding the 41 is undesirable because of the possibility of microphonic disturb-
ances resulting from the high level of amplification.

If a single 41 is operated self-biased, the self-biasing resistor should be shunted by a
suitable filter network to avoid degenerative effects at low audio frequencies. The use
of two 41’s in push-pull eliminates the necessity for shunting che resistor. The self-
biasing resistor required for the push-pull stage is one-half that for a single stage.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedance
coupling devices are recommended. If, however, resistance coupling is employed, the
grid resistor should not exceed one megohm ‘with self- bias, provided the heater
voltage does not rise more than 109, above the rated value under any condition of
operation. When self-bias is not used, the value should be limited to 100000 ohms.

An output transformer should be used to supply power to the winding of the
reproducing unit. The optimum value of load resistance for a single tube is given
under CHARACTERISTICS. For push-pull operation, the plate-to-plate load resist-
ance should be twice that for a single tube.  For best results, the impedance in the plate
circuit of the 41 should be as uniform as possible over the entire audio-frequency range.

AVERAGE PLATE CHARACTERISTICS
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RCA-42 C-42

POWER AMPLIFIER PENTODE

The 42 is a power amplifier pentode of the heater-cathode type
for use in the audio-output stage of a-c receivers. It is capable of
giving large power output with a relatively small input-signal voltage.
Because of the heater-cathode construction, a uniformly low hum-level
is attainable in power amplifier design.

CHARACTERISTICS

Heater Vortace (A. C.or D C). ... oo ... 6.3 Volts
HeaTer CURRENT . ... .o ov i 0.7 Ampere
PLATE VOLTAGE. . ... oo i i 250 max. Volts
ScreEN VOILTAGE. . ... 250 max. Volrs

GRID VOLTAGE. . . oot e e e -16.5 Volts

PLaTe CURRENT. . oot ittt it 34 Milliamperes
ScrEEN CURRENT. . ..o iv ittt 6.5 Milliamperes
Prate RESISTANCE. .. ... ... .. ... . ... 100000 approx. Ohms
AwmprLiFicaTioN FacTtor. .. ... o oL Lo 220 approx.

Mutual CONDUCTANCE. « . oo ovee e e e 2200 Micrombhos
LoaDp RESISTANCE. .. ...t oot 7000 Ohms
Power Qureut (79, total distortion). . ............ 3.0 Watts

Buip (For dimensions, see Page 151, Fig. 11) . ... ..ot iviin e ST-14

Base (For socket connections, see Page 150, Fig. 15A) . .. ... ... . ... ... Medium 6-Pin

INSTALLATION

The base pins of the 42 fir the standard six-contact sockert which may be inscalled
to hold the tube either in a vertical or in a horizontal position. Sucient ventilation
should be provided to prevent overheating.

In a series-heater circuit employing several 6.3-volt types and ore or more 42’s, the
heaters of the 42’s should be placed on the positive side. Furchermore, since most
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.4-ampere heater current of the 42. Each 6.3-volt
tube of the 0.3-ampere type in the series circuit should, therefore, be shunted by a
bleeder resistance of 16 ohms.

APPLICATION

As a power amplifier (Class A), the 42 may be used eitker singly or in push-pull
combination. Recommended operating conditions are given under CHARACTER-
ISTICS. The plate family for chis type is identical with chat for che 2A5.

If a single 42 is operated self-biased, the self-biasing resistor should have a value of
410 ohms. This resistor should be shunted by a suicable filter network to avoid
degenerative effects at low audio frequencies. The use of two 42's in push-pull
eliminates the necessity for shunting the resistor. The seif-biasing resistor required
for the push-pull stage is one-half that for a single stage.

Transformer or impedance-input coupling devices are recommended.  If, however,
resistance coupling is employed, the grid resistor should nct exceed one megohm with
self-bias, provided the heater voltage does not rise more than 109, above the rated
value under any condition of operation; without self-bias, the value should be limited
to 100000 ohms.
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C-43

POWER AMPLIFIER PENTODE

The 43 is a power amplifier pentode of the heater-cathode type
for use in the output stage of radio receivers, especially those of the
“d-c power line’’ type and the ‘‘universal (a.c.-d.c.)” type. In
such applications, the 43 is capable of handling relatively large audio
power at the low plate and screen voltage available. A single 43
in the output stage operating with 100 volts on plate and screen can
deliver nearly one wartt of audio power, while two 43’s in push-pull arrangement with
the same veltages can supply approximately two watts.

I

CHARACTERISTICS
Heater Vortage (A. C.or D.C).o ool 25 Volts
HeaTer CURRENT. ... oo c 0.3 Ampere
PLaTe VOLTAGE. . ... ..o 100 135 max. Volts
SCREEN VOLTAGE. .. vt v o vei e ien s 100 135 max. Volts
GrID VOLTAGE. ... oo -15 -20 Volts
Prate CURRENT . ... ... 20 34 Milliamperes
ScREEN CURRENT . ... 0ot ee e 4 7 Milliamperes
PLaTeE RESISTANCE. . ... v v i 45000 35000 Ohms
AMPLIFICATION DACTOR. . oo v v i ain 90 80
Mutuar CONDUCTANCE. .. ..o e i 2000 2300 Micromhos
Loap RESISTANCE. ....................... 4500 4000 Ohms
Power QUuTPUT... ... ... ... ... ... ... .. 0.9 2.0 Watts
BuLs (For dimensions, see Page 151, Fig. 11) . .. .o .. oot ST-14

Base (For socket connections, see Page 150, Fig. 154) Medium 6-Pin

APPLICATION

The base pins of the 43 fic the standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.

The 25-volc heater of the 43 is designed to operate under the normal conditions
of line-voltage variation without materially affecting che performance or service-
ability of this tube. For operation of the 43 in series with the heaters of otcher types
having 0.3-ampere rating, the current in the heater circuit should be adjusted to 0.3
ampere for the normal supply voltage.

In a series-heater circuit of the *‘d-c power line’’ type employing several 0.3-ampere
(6.3-volt) types and one or two 43’s, the heaters of the 43’s should be placed on the
positive side of the line. Under these conditions, heater-cathode voltage of the 43
must not exceed the value given below under cathode In a series-heater circuit of
the “‘universal’’ type emrploying rectifier tube 2575, one or two 43’s, and several
0.3-ampere (6.3-volt) types, it is recommended that the heater(s) of che 43(’s) be
placed in the circuit so that the higher values of heater-cachode bias will be impressed
on the 43(’s) rather than on the 6.3-volt types. This is accomplished by arranging
the 43(’s) on the side of the supply line which is connected to the cathode of the recti-
fier, i.e., the positive terminal of the rectified-voltage supply. Between this side of the
line and the 43 (’s), any necessary auxiliary resistance and the heater of the 2575 are
connected in series.

—.84 —
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The eathode circuit in ““d-c power line’” or “‘universal’’ receivers is tied in eicher
directly or through biasing resistors to the negative side of the d-c plate supply which
is furnished either by the d-c power line or by the a-c line by means of a rectifier. The
potential difference thus introduced between heater and cathode of the 43 should not
exceed 90 voles d.c., as measured berween the negative heater terminal and the cachode.

INSTALLATION

As a power amplifier (Class A), the 43 is recommended for use either singly or
in push-pull combination in the power ourput stage of “‘d-c power line’” and “‘universal’
receivcsrs‘ Recommended operating conditions are given under CHARACTER-
ISTICS.

If a single 43 is operated self-biased, the self-biasing resistor should be approxi-
mately 625 ohms for the 100-volt condition and 490 ohms for the 135-volt condition.
This resistor should be shunted by a suitable filter network to avoid degenerative effects
at low audio frequencies. The use of two 43’s in push-pull eliminates the necessity
for shunting the resistor. The self-biasing resistor for the push-pull stage is half of
the value given for single-tube operation.

If resistance coupling is used for the 43, the maximum grid resistor value is 0.25
megohm. Under operating conditions such that the heater voltage never exceeds 25
voles, a value of 0.5 megohm is permissible.

AVERAGE PLATE CHARACTERISTICS

TYPE 43
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RCA-45 C-45

POWER AMPLIFIER

The 45 is a power amplifier tube for supplying large
undistorced output to a loudspeaker. It is for use as an
audio-frequency output tube in a-c receivers using 2.5-volt
heater and filament-type tubes.

CIHHARACTERISTICS

FiLament Vortace (A. C or D.CH).ooo oo oL 2.5 Volts
FieamMeNT CURRENT . .. .ot 1.5 Amperes
PraTe VOLTAGE. ... .ol 180 250 275 max. Volts

Grip VoLTage®, ... ... .. 31.5 -30 -56 Voles
Prate CURRENT. . .. oot 31 34 36 Milliamperes
Prate REsisTance. .. ... ... .. 1650 1610 1700 Ohms
AwmpLiFicaTioN FacTtor. ... ... .. .. 3.5 3.5 3.5

MvutuaL CONDUCTANCE. . ... ... . ... 2125 2175 2050 Micromhos
Loap ResisTance................. 2700 3900 4600 Ohms
UwnbistorTED Power QuteuT. ... . .. 0.83 1.6 2.0 Wates
BuLe (For dimensions, see Page 151, Fig. 11). . ..o 0o e ST-14
Base (For socket connections, see Page 130, Fig. 1) oo oo oo oo v v Medium 4-Pin

* Referred to mid-point of a-c operated filament. Self-bias is advisable in all cases and is required if a
grid resistor (max. value of 1.0 megohm) is used.

INSTALLATION

The base pins of the 45 fit the standard four-contact socket which should be
mounted preferably to hold the tube in a verrical position. If it is necessary to place
thz tube in a horizontal position, the socketr should be mounted with the filament-
pin holes vertically one above the other. This precaution locates the filament plane
vertical for most satisfactory performance.  Suflicient ventilation should be provided
to prevent overheating,.

The filament of this type is usually operated on a.c.  See page 24.

APPLICATION

As 2 power amplifier, the 45 should be operated as indicated under CHAR-
ACTERISTICS. A plate family is given on the preceding page.

Grid bias for the 45 should be obtained by use of the voltage drop in a resistor
connected in the negative plate-return lead. This scheme is known as the self-biasing
method. The proper value of the resistor for a single 45 is 1550 ohms for a plate
volrage of 275 volts; 1470 ohms for a plate volrage of 250 volts; and 1000 ohms for
a plate voleage of 180 volts.

If more outpuc is desired than can be obtained from a single 43, two 45's may be
operated either in parallel or push-pull connection. See page 12. When two 45's
are operated together in the same amplifier stage, the values of the self-biasing resistors
will be approximately one-half the values given above for a single tube.

An output device should be used to transfer power to the winding of the repro-
ducing unit.
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RCA-46 C-46

DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid power amplifier tube recommended
especially for service in Class B amplifier circuits of suitable design.
In such circuits an output stage is preceded by a power-amplifier
stage designared as the ““driver.”” A pair of 46’s in a Class B output
stage is capable of supplying an exceptionally large amount of virtually
undistorted power; while a single 46, operated in the driver stage as a
Class A amplifier, can deliver sufficient power to drive the pair of 46’s in the out-
put stage.

The dual application of the 46 to Class B and to Class A amplifier service is made
possible by different connections of the two grids incorporated in the tube’s structure.
Each grid terminactes in its respective base pin. For Class B operation, the two grids
must be tied together. This connection causes the tube to have an amplification
factor so high that negative grid-bias is not required for its operation as a Class B
amplifier. For Class A operation, the grid adjacent to the plate is tied to the plate
in order that the tube will have a low amplification factor. In the latter case, negative
grid-bias is required for proper operation of the tube. See page 14 for discussion of
Class B operation.

CHARACTERISTICS
Freament Vortace (A. C.or D.Chooveeiin L. 2.5 Volts
FILAMENT CURRENT .+ o\ vt v e e ineeinenneenns 1.75 Amperes
BULB (For dimensions, see Page 151, Fig. 14) v vt v v v it viivanenonn S-17

BASE (For socket connections, see Page 150, Fig. 7)

................. Medium 5-Pin

As Class B Amplifier

PLATE VOLTAGE. .ottt e it 400 max. Volts
Dynamic Peak Prate CurrenT. . ..o ool 200 max. Milliamperes
AveraGe PraTte DisstpaTion. ..o il 10 max. Watts
Tyericar OrperaTiON (2 tubes)

Filament Voltage (A. C).............. 2.5 Volts

Plate Voltage............ . .. ... .. 300 400 Volts

Grid Voltage (Both grids tied togecher) . . 0 0 Volts

Static Plate Current (Per tube).......... 4 6 Milliamperes

Load Resistance (Plate-to-plate)......... 5200 5800 Ohms

Nominal Power Qutput (2 tubes)....... 16* 20%* Watts

* With average power input of 950 milliwatts applied between grids,
** With average power input of 650 milliwatts applied between grids.

As Class A Amplifier

PLATE VOLTAGE. . ... .t 250 max. Voles

Grip Vortace (Grid adjacent to plate tied to plate). . -33 Voles

PLate CURRENT. . ... ...t i i 22 Milliamperes
PLATE RESISTANCE. . .. .. oot 2380 Ohms
AmPLIFICATION FACTOR . . ... .o 5.6

MUTUAL CONDUCTANCE. .o vt v iveeneneae e 2350 Micrombhos
Loap Resistance (For max. undistorted power)*** ., 6400 Ohms

Max. UnpistorTED Power QurpPUT. .00t v v a 1.25 Watts

**% Approximately twice this value is recommended for load of this tube as driver for Class B stage.



Tue RCA Rapiotron—CunNingHAM Rapio Tuse ManuaL

INSTALLATION

The base of the 46 is of the medium five-pin type. lts pins fic che standard five-
contact socket which may be installed to operate the tube either in a vertical or in a
horizontal position. For horizontal operation, the socker should be positioned with
the filament-pin openings one vertically above the other. Sufficient ventilation
should be provided around the tube to prevent overheating.

The filament is designed to operate at 2.5 volts. The transformer winding chac
supplies the filament circuit should operate the filament ac this recommended value
for full-load operating conditions at average line voltage. The filament wiring should,
insofar as possible, be isolated from the input circuit of the driver stage in order to
avoid the possibility of hum caused by electrostatic induction from chis wiring.

The grid and the plate return lead for the Class B stage should be connecred to the
mid-tap of the filament winding or to the center-tap of a 20-ohm resistor across the
winding. The grid and plate return for the driver stage should be made to a variable
center-tapped resistor across the filament supply for minimum hum adjustment. The
use of a push-pull driver stage with either equi-potential or filament-type tubes will
reduce hum resulting from the filament supply, but is required only in special appli-
cations.

APPLICATION

For Class B audio power amplifier service, the 46 is particularly recom-
mended because of its design. In this type of service, the two grids in the tube are
connected together and, thus, the signal voltage is applied ro both simultaneously.
Consideration of general Class B amplifier design features is given on page 14.

For Class A operation of the 46, the grid adjacent to the plate is connected to
the plate. The grid nexc to the filament serves as the control grid. Operation of
the tube is then similar to any Class A power amplifier triode.  The operation of chis
tube connected as a Class A amplifier is not indicative of its performance in Class B
circuits and should not be confused wich the lacter.

The intended application of the 46 as a Class A amplifier is for driving two 46’s
in a Class B amplifier circuit. The tube has been constructed for this dual service in
order to reduce the number of tube types necessary in a receiver. The tabulated values
for Class A operation of chis type as given under CHARACTERISTICS are for its
operation as a power output tube.

OPERATION CHARACTERISTICS
CLASS B OPERATION
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AVERAGE PLATE CHARACTERISTICS

CLASS B OPERATION
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RCA-47 C-47

POWER AMPLIFIER PENTODE

The 47 is a power amplifier pentode for use in the audio output
stage of a-c receivers. It is capable of giving large power output
with a relatively small input-signal voltage. In comparison with
three-electrode power amplifiers of the same plate dissipation, the
47 is capable of greater power output with the additional feature
of higher amplification. This power-handling ability of the 47 is made possible
by the addition of both a suppressor and a screen between the grid and place.

CHARACTERISTICS
FiLament Vortace (A. C.oe D.C). ... o0 2.5 Volts
FiLamMenT CURRENT . ... .o 1.75 Amperes
PLATE VOLTAGE. ...t e et i e et e ee e e 250 max. Volts
SCREEN VOLTAGE. . .« oottt e 250 max. Vol
Grip VOLTAGE® . ... .. . -16.5 Volts
PLaTE CURRENT . .. .. i 31 Milliamperes
ScrREEN CURRENT .. ..ot ii i 6.0 Milliamperes
PLATE RESISTANCE. . . . oo v et e e 60000 Ohms
AMPLIFICATION FACTOR. ... .. ... . . o .. 150
MuTtuarL CONDUCTANCE. .t v v ii e ee e aee . 2500 Micromhos
LoAD RESISTANCE. ..ottt i e e e e e 7000 Ohms
Power QUTPUT. ... .. oo i 2.7 Watts
Burs (For dimensions, see Page 151, Fig. 13). .. oo vi i in . ST-16
BAsSE (For socket connections, see Page 150, Fig. 6). ... .o oo v v vn .. Medium 5-Pin

* 1f filament is operated on d.c., grid bias should be —15.3 volts.

INSTALLATION

The base pins of the 47 fic the standard five-contact socket which should be
mounted preferably to hold the tube in a verrical position. If it is necessary to place
the tube in a horizontal position, the socket should be mounred with its filamenc-pin
openings one vertically above the other, Sufficient ventilation should be provided
around the tube to prevent overheating.

The filament of this type is usually operated on a.c.  See page 24.

APPLICATION

For the power amplifier stage of radio receivers, the 47 is recommended either
singly or in push-pull combination. More than one audio stage preceding the 47 is
undesirable because of the possibility of microphonic discurbances resulcing from the
high level of amplification.

If a single 47 is operated self-biased, the self-biasing resistor should be approxi-
mately 450 ohms. This resistor should be shunted by a filter nectwork to avoid degen-
erative effects ar low audio frequencies. The use of two 47’s in push-pull eliminates
the necessity of the network and is, in addition, effective in reducing hum from fileer
circuits.  The self-biasing resistor required for the push-pull stage is approximately
225 ohms.
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Any conventional type of input coupling may be used, provided the resist-
ance added to the grid circuit by this device is not too high. Transformer or imped-
ance-coupling devices are preferable. If resistance coupling is used, a grid resistance
not to exceed 0.5 megohm may be employed under the self-bias conditions. Without
self-bias, the grid-leak resistance should not exceed 530000 ohms.

An output transformer should be used in order to supply power to the winding
of the reproducing unit. The optimum value of load resistance for the output device
is 7000 ohms. For best results, the impedance in the plate circuit of the 47 over
the entire audio-frequency range should be as uniform as possible.

The blue glow which frequently appears on the inner surface of the 47 bulb is
due to fluorescence caused by stray electrons from the filament which strike the interior
of the getter-coated bulb.  This fluorescence is a natural effect and is in no manner
an indication of the performance of the tube.

AVERAGE PLATE CHARACTERISTICS
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RCA-48 C-48

POWER AMPLIFIER TETRODE

The 48 is a power amplifier tetrode which has pentode character-
istics when operated at the recommended screen and plate volrage.
It is for use in the audio-output stage of receivers designed to operate
from 115-volt d-c power lines. The 48 is exceptional in its abilicy

to deliver power at the low plate and screen voltage obrainable in
such service.

The large power-delivering ability of the 48 is made practical by the unique fea-
tures of its electrical and strucrural design.  Among these are the big cathode with its
large emitting surface, the control-grid structure with its heat radiator, and the plate
with a rib structure fastened to its inner surface. The rib structure serves to suppress
the effects of secondary emission which limit the power output of four-electrode screen-
grid types.

CHARACTERISTICS

Heater Vorrace (D . C)ooooooo oo 30.0 Volts
HeaTER CURRENT. ... oot 0.4 Ampere
PLaTe VOLTAGE. ... oo 95 125* max. Volts
SCcREEN VOITAGE. . ..o iei e 95 100 max. Volts

GRID VOLTAGE. . vt oo e it ei e e -20 -22.5%* Volts

PLaTe CURRENT. . ... 47 50 Milliamperes
ScrEEN CURRENT. ..ot 9 9 Milliamperes
PraTeE RESISTANCE. . ... .. oo 10000 10000 approx. Ohms
AwmpriFicaTiON Factor. ... .00 0 0L 28 28 approx.

MutuaL CONDUCTANCE. oo v v e 2800 2800 Micrombhos
Loap RESISTANCE. . ... ..o 2000 2000 Ohms
Power OutpPuT. . ciiiviii i 1.6 2.5 Watts

BuLB (For dimensions, see Page 151 Fig. 13) ... v v i vt oo n v vt ST-16

Basge (For socket connections, see Page 150, Fig. 15) ..o v v oo v i vt Medium 6-Pin

* Suitable conditions for operation with auxiliary C-battery which permits utilization of full d-¢ power-
line voltage (110-115 volts) for plate supply.

INSTALLATION

The base of the 48 fits the standard six-contact socket which may be installed to
operate the tube either in a vertical or in a horizontal position. For horizontal opera-
tion, the socket should be positioned with the plate-pin opening at the top and the
cathode-pin opening at the bottom or vice versa. Sufficient ventilation should be
provided around the tube to prevent ovetheating

The heater of the 48 is designed to operate at approximately 30 volts. Due to
the heater-cathode design, the heater voltage may range between 26 and 34 voles
during line-voltage fluctuations without greatly affecting the performance or serv-
iceability of the tube.

In a series-heater circuit employing several 6.3-volt types and one or more 48’s,
the heaters of the 48’s should be placed on the positive side. Furthermore, since the
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater current of the 48. Fach 6.3-volt tube
n the series circuic should, therefore, be shunted by a bleeder resistance of 63 ohms.
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The cathode circuit in d-c receivers is tied in eicher directly or through biasing
resistors to the negative side of the heater circuit. The potential difference chus intro-
duced between heater and cathode of the 48 should not exceed 90 volts, as measured
between the negative heater terminal and the cathode.

APPLICATION

As a Class A power amplifier tetrode in the output stage of d-c line receivers,
the 48 is recommended for use either singly or in push-pull combination. Recom-
mended operating conditions are given under CHARACTERISTICS.

When a single 48 is operated self-biased, the self-biasing resistor should be approxi-
mately 360 ohms. This resistor should be shunted by a suitable filter network to
avoid degenerative effects at low audio frequencies. With two 48’s in push-pull, the
network may be omitted. The self-biasing resistor required for the push-pull stage
is approximately 180 ohms.

Any conventional type of input coupling may be used, provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedance-
coupling devices are preferable. In any case, the sum of the resistance of the coupling
devices in the grid circuit and the resistance of the filter network (if used) should not
exceed 10000 ohms.

An output transformer should be used in order to supply power to the winding
of the reproducing unitc. The optimum value of load resistance for a single tube is
2000 ohms. For push-pull operation, the plate-to-plate load resistance should be
4000 ohms. For best results, the impedance in the plate circuit of the 48 should be as
uniform as possible over the entire audio-frequency range, as in the case of power
amplifier pentodes.

As a Class A amplifier triode, the 48 may be used by connecting the screen to
the plate at the socket. A pair of these tubes connected as triodes and operated wich
105 voles on the plates and a grid-bias of —30 volts, are capable of approximately
2.0 wates output having a total harmonic distortion of less than two per cent. The
plate-to-plate load for this condition is 1500 chms.

The application of the 48 is limited to circuits having d-c heater supply  If the
plate voltage is obtained from a 115-volt d-c power line, the negative grid-bias may
be conveniently obtained from a small C-batcery.

AVERAGE PLATE CHARACTERISTICS
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RCA-49 C49

DUAL-GRID POWER AMPLIFIER

The 49 is a double-grid power-amplifier tube designed
for use in battery-operated receivers employing 2-volt tubes,
In such service, it may be used either as a Class B output
tube or, by a change in socket connections, as a Class A driver tube,

CHARACTERISTICS
Firament Vortace (D. C).. o o o o 2.0 Volts
FILAMENT CURRENT . - oottt eiee e 0.12 Ampere
BuLs (For dimensions, see Page 151, Fig. 11) .« oo oo oo oo iene ... ST-14
BASE (For socket connections, see Page 150, Fig. 7) . .. ..ot ve e . Medium 5-Pin

As Class B Power Amplifier

PLATE VOLTAGE. .oovvn oo e 180 max. Volts
Dy~amic Peax Prate CuRRENT . .00 oo oL 50 max. Milliamperes
TyrpicaL OperaTioN (2 tubes)

Filament Voltage. . ......... ... ... ... .... 2.0 Volts

Plate Voltage........... ..o 180 Volts

Grid Voltage (Both grids tied together). . . ... ... 0 Volts

Static Plate Current (Per tube). ... ........ .. ... 2 Milliamperes

Load Resistance (Plate-to-plate)................ 12000 Ohms

Nominal Power Qutput (2 tubes). .. ........... 3.5 Wates

As Driver—Class A Amplifier

FILAMENT VOLTAGE. ... v v i 2.0 Volts

PLATE VOLTAGE. ...t ii e 135 max. Volts

Grip Vorrace (Grid adjacent to plate tied to plate). . -20 Volts

PLATE CURRENT . ... vttt i 5.7 Milliamperes
PLATE RESISTANCE. . ... .o 4000 Ohms
AwmprLiFicaTioN Factor. ... ... .. . oL 4.5

MuUTUAL CONDUCTANCE. ..\ oo oo 1125 Micromhos
Loap RESISTANCE. ... oo oo 11000* Ohms
Nominar Power OQuTtpuT. ... ..o 0.170 Watt

* Approximately twice this value is recommended for load of this tube as driver for Class B stage.

INSTALLATION

The base pins of the 49 fir the standard five-contact sockert. The sockee should
be installed so that the tube will operate in a vertical position. In some cases, cushion-
ing of the socket may be found desirable.

For filament operation, refer to INSTALLATION on Type 1A6.

APPLICATION

Class B amplifiers are discussed on page 14. Also refer to the Application section
of the 46 on page 88.

— 94—



Tue RCA Rapiotron—CunningaaM Rapio Tuse ManNuar

n [ b

D-C PLATE(I,)OR D-C GRID (I¢)) MILLIAMPERES

Y

AVERAGE PLATE CHARACTERISTICS
CLASS N

B OPERATIO
50 S T T
> } L TYPE 49
28 | ££=2.0 VOLTS D.C.
\ L
ot
[
1o
)
\
ol \
Vv
\
\
\
kY
o
ll
g/ M
v
VA1
0
1Y/
\)//\<
[

—
TYPE 49
E¢=22.0 VOLTS D.C.

7s
~Cixo
T~~~

I

PLATE AND ADJACENT GRID MILLIAMPERES (Ip,)

20

MILLIAMPERES

PLATE

o
W

%
I~

®
UerOL
\/
3
2
é\\ =i

9,
gaavn
ALYy
AV
P4

200 240 280

=~
e

N
~L

N

a 20 160
PLATE VOLTS(E})

AVERAGE PLATE CHARACTERISTICS

L]

TYPE 50
Ep=7.5VOLTS D.c.

S

v
;
8 Z VAR 7
S A

K /

40 n/j A // V /’°° = // //
N NA X A
]

1 4

o] 100 200 300 400 500 &00
PLATE VOLTS



@Rﬂdiotron 7
RADIO TUBES

UX-250 CX-350

POWER AMPLIFIER

The '50 is a power amplifier tube designed for use pri-
marily in the output stage of an audio-frequency amplifier
employing transformer coupling. It is capable of delivering
unusually large amounts of undistorted power.

CHARACTERISTICS
Fieament Vorrace (A. C.or D.C). ... ... 7.5 Volts
Froament CURRENT. . ... oo 1.25 Amperes
Prate VoLTaGE. ... ... ... 350 400 450 max. Volts
Grip VorTace®.................. -63 -70 -84 Volts
Prate CurreNT. ... ov L.l 45 55 55 Milliamperes
PrLaTe RESISTANCE. . ... ........... 1900 1800 1800 Ohms
AwmpriFicaTion Facror............ 3.8 3.8 3.8
Muruar ConpucTANCE. . ..ot . .. 2000 2100 2100 Micromhos
Loap RESISTANCE. ................ 4100 3670 4350 Ohms
UnpistortEn Power QurpuT. ... ... 2.4 3.4 4.6 Wates
BuLs (For dimensions, see Page 151, Fig. 16) . . ... ... ... ... ....... S-21
BASEe (For socket connections see Page 150, Fig. 1). .. .o\ o ounn. .. Medium 4-Pin Bayonet

* Measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the '50 fit the standard four-contact socker which should be
mounted to hold the tube in a vertical position. Provision should be made for free
circulation of air around the tube, since the bulb becomes quite hot during operation.

The coated filament is designed to operate from a 7.5-volt winding of a power
transformer. However, if desirable, it may be operated equally as well from a d-c
source. In either case the voliage applied to the filament terminals should be the
rated value of 7.5 volts.

APPLICATION

As a power amplifier, the '50 should be operated as shown under CHAR-
ACTERISTICS. A plate family for the '50 is given on the preceding page. Grid-
bias voltage may be conveniently obtained by means of the volcage drop through a
resistor in the plate-return lead. The proper value of this resistor is 1400 ohms
for a plate voltage of 350 volts; 1275 ohms for a plate potential of 400 volcs; and
1530 ohms for a plate potential of 450 volts. The use of self-bias is advisable in
all cases.

If more output is desired than can be obrained from a single '50, two ’50’s may
be operated either in parallel or push-pull connection. See page 12. When two
'50’s are operated together in the same amplifier stage, the values of the self-biasing
resistors will be approximately one-half those shown above for a single tube.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device does not exceed 10000 ohms. An output
transformer should be connected in the plate circuit of the 50 in order to transfer power
efficiently to the loudspeaker.
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RCA-53 C-53

CLASS B TWIN AMPLIFIER

The 53 is a heater-cathode type of tube combining in one bulb
two high-mu triodes designed for Class B operation. It is intended
primarily for use in the output stage of a-c operated radio receivers.
The triode units have separate external terminals for all eleccrodes

“except the cathodes and heaters, so that circuit design is similar to
that of Class B amplifiers utilizing individual tubes in the output stage. The 53 may
be used as a Class A amplifier (with triode units connected in parallel) to drive a 53
as a Class B amplifier in the output stage.

CHARACTERISTICS
Heater VorTage (A. C.or D.C)oovo o0 2.5 Volts
HEATER CURRENT . ¢t v et v v vcnmeeneenieen 2.0 Amperes
BuLp (For dimensions, see Page 151, Fige 11). .« v v ovvennieneonn ., ST-14
BAsE (For socket connections, see Page 150, Fig. 24), .. ............. Medium 7-Pin
As Class B Power Amplifier

PLATE VOLTAGE. oot 300 max. Voles
Dynamic Peak Prate Current (Per plate). .. ... .. .. 125 max. Milliamperes
AveracE Prate DissieaTioNn. ... oL 10 max. Watts
TyeicaL OperaTiON

Heater Voltage....................... 2.5 Volts

Plate Voleage................. ... 250 300 Volis

Grid Voltage. . ... ... ... oL 0 0 Volts

Static Plate Current (Per plate)....... ... 14 17.5 Milliamperes

Load Resistance (Plate-to-plate)......... 8000 10000 Ohms

Nominal Power Qutput™.............. 8 10 Watts

As Driver—Class A Amplifier
(Both grids connected together at socket; likewise both plates.)

HeaTeR VOLTAGE. . ...... ... o .. 2.5 Voles
Prate Vorrace**, .. ... ... .. ... ... ... 250 294 Volcs
GRID VOLTAGE. .. iv v ive e -5 -6 Voles
AwmpLiricaTion FacTtor . ... ... . L 35 35
PoaTe ResisTANCE. . .. ... ... ... ... .. .. 11300 11000 Ohms
MuTtuaL CONDUCTANCE. ..\t v o vie e iee e 3100 3200 Micromhos
PLaTeE CURRENT . o oot v it eae 6 7 Milliamperes

*With average input of 350 milliwatts applied betwcen grids.
** Maximum plate voltage =300 volts.

INSTALLATION

The base pins of the 53 fit the seven-contact (0.855 inch pin-circle diamerter) socket
which may be installed to operate the tube in any position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.
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The heater is intended for a-c operation at 2.5 volts.  The transformer winding
supplying the heater circuit should be designed to operate the heater at this recom-
mended value for full-load operating conditions at average line voltage.

The eathode should preferably be connected directly to a mid-tap on the heater
winding. If this practice is not followed, the potential difference berween heater
and cathode should be kept as low as possible.

The grids for Class B and for Class A service should be connected so as to give

resultant tube characteristics suited to the particular service. Derailed information
on connections is given under APPLICATION.

APPLICATION

Asa Class B power amplifier, the 53 is used in circuits similar in design to those
utilizing individual tubes in the output stage. It requires no grid-bias, since the high-
mu feature of the triode units reduces the steady plate current at zero bias to a relatively
low value. Refer to page 14 for general Class B amplifier design considerations.

Two 53’s can be operated in a Class B output stage with the two triode units of
each 53 connected in parallel to give a power output of 20 watts, approximate,
under conditions of 300 volts on the plates and of a 500-ohm plate-to-plate load.

As a Class A amplifier triode, the 53 may be employed in the driver stage of
Class B amplifier circuits, and thus reduce the number of tube types necessary in a
receiver. When operated in this way with a plate supply of 300 voles and corre-
sponding grid-bias, the 53 is capable of supplying a power output upwards of 400
milliwates.  The load into which the driver works will depend largely on the design
factors of the Class B amplifier. In general, however, the load will be between
20000 and 40000 ohms. For Class A amplifier-triode operation of the 53, the two
grids are connected together at the socket; likewise, the two plates. These connections
place the two triode units in parallel. Operation of the tube is then similar to any
Class A power amplifier triode.

The d-c resistance in the grid circuit of the 53 when operated as a Class A amplifier
may be as high as 0.5 megohm with self-bias. Wich fixed bias, however, the resist-
ance should not exceed 0.1 megohm.

Among other and less conventional applications of the 53 are its use as (1) biased
detector and one-stage a-f amplifier, (2) two-stage a-f amplifier, (3) amplifier and
phase-inverter to supply resistance-coupled, push-pull output tubes, (4) two tube
oscillator, and (5) oscillator and amplifier.

AVERAGE PLATE CHARACTERISTICS
12 CLASS A OPERATION -TRIODE UNITS IN PARALLEL
1 T
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RCA-55 C-55

DUPLEX-DIODE TRIODE

The 55 is an a-c heater type of tube consisting of two diodes and
a triode in a single bulb. It is recommended for service as a combined
detector, amplifier and automatic-volume-control tube.

In operation, the two diodes and the triode are independent of

each other except for the common cathode sleeve, which has one emic-
ting surface for the diodes and another for the triode.  This inde-
pendence of operation permits of unusual flexibility in circuit arrangement and design.
For example, the diodes of this tube can perform at the same time the functions of
detection and of automatic volume-control (a.v.c.); while at the same time the triode
may be used as an amplifier under its own optimum conditions. For diode-detector
considerations, refer to page 17.

CHARACTERISTICS

Heater Vorrace (A. C.or D C)ooooo oo 2.5 Volts

Heater CURRENT. ... ... oo 1.0 Ampere

GRID-PLATE CAPACITANCE. . . . oo 1.5 wuf

Grip-CATHODE CAPACITANCE. ..ot v i o et 1.5 wuf

PLATE-CATHODE CAPACITANCE. ..ot o oo vt e e 4.3 uuf

BuLs (For dimensions, sece Page 151, Fig. 7). . v oo v oo it i ST-12

L - Small Metal

Base (For socket connections, see Page 150, Fig. 13). . .. ... .. ........ Small 6-Pin
Triode Unit—As Class A Amplifier

HEATER VOLTAGE. ... .. it 2.5 Volts

PLATE VOLTAGE. ................. 135 180 250 max. Volts

GRID VOLTAGE. ... oo -10.5 —-13.5 -20.0 Voles

Peate CURRENT. ..ot 3.7 6.0 8.0 Milliamperes

PLaTe RESISTANCE. . ... ... ... ... 11000 8500 7500 Ohms

AwmpriFicaTioN FacTor. .. ... L. 8.3 8.3 8.3

Mutuar. CONDUCTANCE. . ..o v v . .. 750 975 1100 Micromhos

Loap Resistance................. 25000 20000 20000 Ohms

Power QurPUuT. ... .. .. ... 0.075 0.16 0.35 Wartt

Diode Units

Two diode plates are placed around a cachode, the sleeve of which is common to
the triode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given under Type 2B7.

INSTALLATION

The base pins of the 55 fit the standard six-contact socket which may be installed
co operate the tube either in a vertical or in a horizontal position.

For heater opecration and cathode connection, refer co INSTALLATION under
Type 2A5.

Complete shielding of detector circuits employing the 55 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and che circuits of other stages.
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APPLICATION

The 55 is recommended for performing the simultaneous functions of automatic
volume-control, detection, and amplification.

For detection, the diodes may be utilized in a full-wave circuit or in a half-wave
circuit. Inthe latter case, one plate only, or the two plates in parallel may be employed.
The use of the half-wave arrangement will provide approximately twice the rectified
voltage as compared with the full-wave arrangement.

For automatic volume-control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually employed. This volrage is utilized to regulate the gain of
the r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier input
to the audio detector. The regulation of amplifier gain by means of the rectified
voltage may be accomplished by a number of methods differing chiefly in the means
of applying the voltage to the various electrodes of the amplifier tubes. As is well
known, the regulating voltage may be applied to the control grids of the amplifier
tubes. On the other hand, by less familiar mechods, the voltage may, depending on
the requirements of the designer, be applied to other electrodes. For example, the
voltage may be applied to suppressor, plate and/or screen of an r-f pentode.

The complex structure of the 55 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from che
detector circuit by utilizing the voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In another case, the required voltage is ob-
tained by utilizing one diode for the sole purpose of automatic volume-control (a.v.c.).
This latter method is of particular interest since it confines the sensitivity and time-
delay function to the a.v.c. circuic. Time-delay action is, of course, determined by
the use of a resistance and condenser combination having the desired time constant.
The a.v.c. action may be postponed by applying a negative voltage to the a.v.c.
diode plate. Another a.v.c. arrangement capable of various adaprations is to use the
triode as a d-c amplifier to supply the regulating voltage. Additional information on
automatic volume-control is given on page 18.

For amplification, the triode may be employed in conventional circuit arrange-
ments. Representative conditions for resistance-coupled amplifier applications are
given on page 142. Grid bias for the triode, depending upon circuic design,
may be obtained from a fixed voltage tap on the d-c power supply or may ,be
obtained by utilizing the variable voltage drop caused by the rectified current lowing
through a resistor in the detector circuit. In this connection, it should be noted that
the circuits on page 128 designate this latter arrangement as “‘Diode-Biased
Amplifier.”” Diode biasing of the triode unit may be employed only when at least
20000 ohms resistance is used in the triode plate circuic.~

AVERAGE PLATE CHARACTERISTICS
TRIODE UN(T

TYPE 55 TYPE 85
E§=2.5 VOLTS E ¢=6.3 VOLTS
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RCA-56 C-56

SUPER-TRIODE AMPLIFIER, DETECTOR

The 56 is a three-electrode tube of the uni-potential heater-
cathode type recommended for use as detector, amplifier, or oscil-
latot in a-c receivers designed for it. This tube is characterized by
its high muctual conductance, and its comparatively high amplifica-
tion factor. The 56 is useful in resistance-coupled audio-frequency amplifiers.

CHARACTERISTICS
Heater Vorrace (A. C.or D.CH. ... ... 2.5 Volts
HeaTer CURRENT. ... ..o 1.0 Ampere
Prate VOLTAGE. ........................ 250 max. Volts
Grip VoLTaGe*. ... .. .. ... ... ... -13.5 Volts
Prate CURRENT. .. ..o 5 Milliamperes
PrLaTe RESISTANCE. . .. ... ... ... ... ... .. 9500 Ohms
AmpLiFiCATION FacTorR. .. ... . oL 13.8
MuTtuarL CONDUCTANCE. ..o\ o oo e et o e 1450 Micromhos
GRID-PLATE CAPACITANCE . . .. ... ... ....... 3.2 puf
Grip-Catrope CAPACITANCE. .............. 3.6 uuf
PLate-CatropE CAPACITANCE. .. ... ... ..... 2.5 upf
BuwLs (For dimensions, sec Page 151, Fig. 6). . . v v e e ST-12
BAse (For socket connections, see Page 150, Fig. 8) .o .. ..o ... Small 5-Pin

*1f a grid coupling resistor is used, its maximum value should not exceed 1.0 megohm.

INSTALLATION

The base pins of the 36 fit the standard five-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position.

The bulb of this tube will become very hot under certain conditions of operation.
Sufficient ventilation should be provided to prevent overheating.

The heater is designed to operate at 2.5 volts.  The transformer winding supply-
ing the heater circuit should be designed to operate the heater at this recommende
value for full-load operating conditions at average line voltage.

The eathode should preferably be connected directly to a mid-tap on the heater
winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potential difference should be kept as low as possible.

APPLICATION

As an amplifier, the 56 is applicable either to radio-frequency or audio-frequency
circuits. Recommended operating conditions for service using transformer coupling
are given under CHARACTERISTICS. For circuits utilizing resistance coupling,
typical operating conditions are as follows: Plate supply voltage, 250 volts; grid-bias
voltage, -9 volts (approximarte); plate load resistor, 50000 to 100000 ohms; and
plate current, 1 to 2 milliamperes.

As a detector, the 56 may be of the grid leak and condenser or grid-bias type.
The plate voltage for the grid leak and condenser method should be about 45 volts.
A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 uf is satisfactory.
For the grid-bias method of detection, the maximum plate-supply voleage of 250 volts
may be used together with a negative grid-bias voltage of approximately 20 volts.
The plate current should be adjusted to 0.2 milliampere with no input signal volc-
age. The grid-bias voltage may be supplied from the voltage drop in a resistor
between cathode and ground. The value of this self-biasing resistor is not critical,
100000 to 150000 ohms being suitable. The higher value will permit the applica-
tion of a larger input signal.
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RCA-57 C-57

TRIPLE-GRID DETECTOR AMPLIFIER

The 57 is a triple-grid tube recommended especially for service
as a biased detector in a-c receivers designed for its characteristics.
In such service, this tube is capable of delivering a large audio-
frequency output voltage with relatively small input voleage.  Ocher
applications of the 57 include its use as a low signal-input, screen
grid amplifier tube and as an automartic-volume-control tube.  Signifi-
cant among its electrical features are its sharp plate current “cut-off”” with respect to
grid voltage, and its adaptability of electrode combinations to unusual circuit applica-

tions.

CHARACTERISTICS
Hearer Vorrace (A. Coor D C).o oo . 2.5 Voles
HeaTer CURRENT . ..ot oi i 1.0 Ampere
PLATE VOLTAGE. ..ot i ot e e et e e e e 250 max. Volts
SCREEN VOLTAGE. « -« o oetoe ot oo 100 max. Volts
GRID VOLTAGE. - ot it iie i -3 Volts
SUPPRESSOR - « « < o e eet e e e e e Connected to cathode at socket
PraTe CURRENT . .. oo ov it i 2.0 Milliamperes
SCREEN CURRENT . ..o i it i 0.5 Milliampere
Prate RESISTANCE. ... ..o . Greater than 1. Megohms
AwmpriricaTiON FacTorR . .. ... oL Greater chan 1500
MutUAL CONDUCTANCE. . .. .o oot et e i e 1225 Micromhos
GRIDVOLTAGE®. .. .o ~7 approx. Volts
Grip-Prate Capacrtance (With shield-can). ... .. 0.007 max. puf
INPUT CAPACITANCE. .o« v oot et e e e e e 5.2 uuf
QutpUT CAPACITANCE. . oot e i ie e i e 6.8 wpuf
BurLs (For dimensions, see Page 151, Fig. 8) . .. ... . ... ............ ST-12
L0 - Small Metal
Base (For socket connections, see Page 150, Fig. 11) .. ... ........... Small 6-Pin

* For cathode current cut-off.
INSTALLATION

The base pins of the 57 fit the standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal posicion.

For heater operation and cathode connection, refer to INSTALLATION for
Type 56.

pThe screen voltage may be obtained from a potentiometer or bleeder circuic
across the B-supply source  Due to the screen current characteristics of the 57, the
use of a resistor in series with the high-voltage supply may be employed for obtain-
ing the screen voltage provided the cathode-resistor method of bias control is used.
This rriethod, however, is not recommended if the high-voltage B-supply exceeds
250 volts.

Complete shielding of detector circuits employing the 57 is generally necessary,
since considerable voltage at carrier frequency is usually present in the plate circuic
even though the latrer is by-passed with a low impedance capacitor. Two-section
filters in the plate circuit are frequently necessaty to prevent radio-frequency feed-
back to the input of the decector.

In receivers employing a built-in loudspeaker, acoustic shielding may be neces-
sary to prevent microphonic feed-back when a strong radio-frequency carrier volrage
is present on the tube elements. It should be noted also that condenser plates may
cause an audio howl due to mechanical feed-back from the speaker.
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APPLICATION

As a biased detector, the 57 is particularly recommended because of its ability
to deliver a large audio-frequency output voltage of good quality with a fairly small
radio-frequency signal input. Recommended conditions for the 57 as a biased de-
tector are as follows:

HEATER VOLTAGE. . ... i e et iiir e tinee e an s 2.5 Volts
PLATE SUPPLY ...t 250 250 250 250 Volts
SCREEN VOLTAGE..................... 50 33 100 max. 100 max. Volts
GRID VOLTAGE..............c..count =2 =17 -39 —43 Volts
CATHODE RESISTOR.................. 3000 8000 4000 10000 Ohms
SUPPRESSOR...... it Connected to cathode at socket

CATHODE CURRENT (No signal) ...... 0.65 0.21 0.97 0.43 Milliampere
PLATE RESISTOR...........oiviiennnn 0.25 0.50 0.25 0.50 Megohm
BLOCKING CONDENSER............... 0.03 0.03 0.03 0.03 uf
GRID RESISTOR**.................. 0.25 0.25 0.25 0.25 Megohm
R-F SIGNAL (RMS)°° 1.18 1.21 1.38 1.37 Volts

1 Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by
plate current.

#% For the following amplifier tube.

99 With these signal voltages modulated 209, the voltage output under each set of operating conditions
is 17 peak volts at the grid of the following amplifier, a value sufficient to insure full audio output
from a type 2AS.

Detector bias may be obrained from a bleeder circuir, from a resistor in the cathode
circuit, or from a partial self-biasing circuit. The cathode-resistor method permits
of higher output at low percentage modulation since the input signal may be increased
almost in inverse proportion to the modulation without resulting in objectionable
distortion.

As an audio-frequency amplifier in resistance-coupled circuits, the 57 may be
operated under the following conditions: Plate supply voltage, 250 volts, applied
through a plate coupling resistor of 250000 ohms; screen voltage, 100 volcs; plate
current, 0.75 ma., approx.; grid voltage, —4.5 volts. The grid resistor should have
a value not exceeding 1.0 megohm.

As a radio-frequency amplifier, the 57 may be used particularly in applica-
tions where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control-grid voltage (or both) may be varied
to concrol the receiver volume. When larger signals are involved, a super-control
amplifier tube should be employed to prevent the occurrence of excessive cross-modula-
tion and modulation-distortion. Recommended operating conditions for amplifiex

service are given under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS
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RCA-58 C-58

TRIPLE-GRID SUPER-CONTROL AMPLIFIER

The 58 is a triple-grid super-control amplifier tube recommended
especially for service in the radio-frequency and intermediate-fre-
quency stages of a-c receivers designed for its characteristics. Signifi-
cant among its electrical features are the extended murtual conduct-
ance operating range and the adaptability of electrode combinations
to various circuit applications. The ability of this tube to handle usual signal
voltages without cross-modulation and modulation-distortion makes it adaprable
to the r-f and i-f stages of receivers employing automatic volume-control.

When the suppressor is not connected directly to the cathode, its utility may be
extended. The suppressor, in suitable circuits, provides a means for obtaining the
desirable conditions of reduced selectivity for local reception. This operational
characteristic makes possible improved loudspeaker response when the receiver is
tuned to powerful nearby stations.

CHARACTERISTICS
Heater Vortace (A. C.or D.CH. ... .. ... ... 2.5 Volts
Heater CURRENT. ... .. ... . 1.0 Ampere
PLaTe VOLTAGE. ... ... ... ... 250 max. Volts
SCREEN VOLTAGE. + - v« et it cvt e i e i 100 max. Volts
GRID VOLTAGE. . ot it i e e i e e -3 min. Volts
SUPPRESSOR .« « v et e e e e et e e e e Connected to cathode at socket
PLaTE CURRENT. . .ot 8.2 Milliamperes
ScREEN CURRENT . ...ttt 2.0 Milliamperes
PrLATE RESISTANCE. . ... ... i 800000 Ohms
AwmpLiFicaTiON FACTOR . . ... ... .. ... ... ... ... 1280
MuUTUAL CONDUCTANCE. ..\ttt e ee et 1600 Micromhos
Mutuar ConpucTance (At —40 volts bias). . ... .. .. 10 Micromhos
Grip-PraTte Caracitance (With shield-can). .. ... ... 0.007 max. puf
INPUT CAPACITANCE. ... ..o 5.2 uuf
OUTPUT CAPACITANCE. ..\ oot iv e e 6.8 uuf
BuLB (For dimensions, see Page 151, Fig. 8). . . . .. oo o i i ST-12
AP . it Small Metal
BAse (For socket connections, see Page 150, Fig. 11} ... .o oot oot u Small 6-Pin

INSTALLATION

The base pins of the 58 fit the standard six-contact socket which may be installed
to hold the tube either in a vertical or in a horizontal position.

T For heater operation and cathode connections, refer to INSTALLATION for
ype 56.

Control-grid bias variation will be found effective in changing the volume of the
receiver. In order to obtain adequate volume concrol, an available grid-bias voltage
of approximately 50 volts will be required. The exact value will depend upon the
circuit design and operating conditions. This voltage may be obtained, depending
on receiver requirements, from a potentiometer across a fixed supply voltage or by
the use of a variable self-bias resistor in the cathode circuit.
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The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 58, a
resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage provided the cathode-resistor method of bias control is used. This
method, however, is not recommended if the high-voltage B-supply exceeds 250
volts. Furthermore, it should be noted that the use of a resistor in the screen circuit
will have an effect on the change in plate resistance with variation in suppressor
voltage in case the suppressor is utilized for control purposes.

The suppressor may be connected directly to the cathode or it may be made nega-
tive with respect to the cathode. For the latter condition, the suppressor voltage
may be obtained from a potentiometer or bleeder circuic for manual volume- and
selectivity-control, or from the drop in a resistor in the plate circuic of the auto-
matic-volume-control tube.

Shielding requirements are similar to those for Type 57.

APPLICATION

As a radio-frequency amplifier, the 58 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote ‘‘cut-off”’
feature, and its flexible adaptability to circuit combinations and to receiver design.
Recommended conditions for the 58 as an amplifier are given under CHARACTER-
ISTICS. Characteristics curves are given at the bottom of page 103.

To realize the maximum benefit of the long ““cuc- off”” feature of chis tube, it is
necessary to apply a variable grid bias and to maintain the screen at a constant potentlal
with respect to the cathode. However, good results may be obtained by using a
variable cathode resistance which, of course, reduces the screen potential with respect
to the cathode by the same amount that the bias is increased, thus hastening the
“cut-off”’ and reducing the ability of the tube to handle large signals. This unde-
sirable effect may be nullified by means of a series resistor in the screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage in
the case of four-electrode tubes is usually impossible because of secondary emission
phenomena In the 58, however, the suppressor practically removes these effects
and it is therefore possible to obtain satisfactorily the screen voltage from the plate
supply or from some high intermediate voltage providing these sources do not exceed
250 volts.  With this method, the screen-to-cathode voltage will fall off very litcle
from minimum to maximum value of cathode-control resistor. In some cases,
it may actually rise. This rise of screen-to-cathode voltage above the normal maxi-
mum value is allowable because the screen and the plate current are reduced simuleane-
ously by a sufficient amount to prevent damage to the tube. It should be recognized
in general that the series-resistor method of obtaining screen voltage from a higher
voltage supply necessitates the use of the variable cathode-resistor method of con-
trolling volume. When screen and control-grid voltages are obtained in chis manner,
the remote ‘“‘cut-off”’ advantage of the 58 may be fully realized.

As a mixer in superheterodyne circuits, the 58 may be used to advantage. It is
capable of producing under the proper conditions of grid and local oscillator volrage,
a gain in the mixer stage of about one-third that which can be obtained in an inter-
mediate-frequency amplifier stage. In addition, this gain can be controlled as in the
case of the radio-frequency amplifier by varying the grid bias either from a separate
supply or from a variable resistor in the cathode circuic. This is a particularly desir-
able feature in receivers employing automatic volume-control, because it enables a
much lower threshold input to be received without loss of amplification and permits
the reception of high input voltages without loss of control. Recommended condi-
tions for the 58 as a superheterodyne mixer follow: Plate voltage, 250 volts; screen
voltage, 100 volts; suppressor, connected to cathode at socket; and grid-bias voltage,
—10 volts minimum (with 9-volt oscillator peak swing). With an oscillator peak
swing of 1 volc less than the grid-bias, these values are not critical and may be chosen
to meet circuit design requirements.
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RCA-59 C-59

TRIPLE-GRID POWER AMPLIFIER

The 59 is a triple-grid power amplifier tube of the heater-cathode
type recommended for the use in the output stage of a-c operated
receivers. The triple-grid construction of this tube, with excernal
connections for each grid, makes possible its application as (1) a
Class A Power Amplifier Triode, (2) a Class A Power Qutput Pencode,
and (3) a Class B Power Qutput Triode.

CHARACTERISTICS
Hearer VoLtace (A. C.or D.C).ovivvivooa 2.5 Voles
HeaTer CURRENT. ... ooiiniiii i 2.0 Amperes
BuLB (For dimensions, see Page 151, Fig. 13) . . . .. .o i e iet o ST-16
Base (For socket connections, see Page 150, Fig. 18) . ... ... ... v.vun. Medium 7-Pin
Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate)

PLATE VOLTAGE. ..ttt i it it e i 400 max. Volts
Dynamic Peak Prate Current. ..o o L0 200 max. Milliamperes
AvVERAGE PLaTE DissrpaTiON. .. .. .ol 10 max. Watts
Averace Grip DissiraTion (Grids No. 1 and No. 2

together). ... i 1.5 max. Wartts
TyrpicaL OreraTiON (2 tubes)

Heater Voltage. ..................... 2.5 Voles

Plate Voltage. . .............. ... . ... 300 400 Volts

Grid Voltage (Grids No. 1 and No. 2

together)........... .. ... .. ... .. 0 0 Volts

Static Plate Current (Per tube).. ... ... .. 10 13 Milliamperes

Load Resistance (Plate-to-plate)......... 4600 6000 Ohms

Nominal Power Output (2 tubes)....... 15 20 Watts

Class A Power Amplifier
Triode®  Pentode®®

HEATER VOLTAGE. . ... . v ii e i 2.5 2.5 Volts
PLATE VOLTAGE. ...t o i ie e 250 max. 250 max. Vol
Screen Vortace (Grid No. 2) ........ .. — 250 max. Volts
Grip Vortace (Grid No. 1), ........... -28 -18 Volts
AwmpriFicaTion Facror. ... ... L, 6 100
PLATE RESISTANCE. . ..ot 2400 40000 Ohms
MurtuaL CONDUCTANCE. .. ..ot vvveienn .. 2600 2500 Micrombhos
PLATE CURRENT . . ..o i et 26 35 Milliamperes
ScrEEN CURRENT...... ..o, — 9 Milliamperes
LoAD RESISTANCE. .......oviiiinnnnn.. 5000%* 6000 Ohms
PowER OUTPUT. .t cviiii it ineiinnennn 1.25 3.0%* Watts

° Grids No. 2 and No. 3 tied to plate.
°° Grid No. 3 tied to cathode.

* Optimum for maximum undistorted power output of 1.25 watts. Approximately twice this value is
recommended for load of this type as driver for Class B stage.

*#* 707 total harmonic distortion.
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INSTALLATION

The base of the 59 is of the medium 7-pin type. Its pins fit the seven-contact
(0.855 inch pin-circle diameter) socket which may be installed to operate the tube in
any position.

The bulb of this tube may become very hot under certain conditions of operation.
Sufficient ventilation, therefore, should be provided to circulate air freely around the
tube to prevent overheating.

For heater operation and cathode connection, refer to INSTALLATION for
Type 56.

APPLICATION

For Class A Triode Operation of the 59, the two grids (No. 3 and No. 2)
immediately adjacent to the plate are connected to the plate, while the third (No. 1)
is employed for control purposes. Operation of the tube is then similar to any Class A
power amplifier triode. The tabulated values for Class A operation of this type as
given under CHARACTERISTICS, are for its operation as a power output tube.
When it is used as the driver for a Class B stage, the load requirements are changed, as
indicated in the note under CHARACTERISTICS. This change is recommended in

order to minimize distortion due to the driver stage.

The d-c resistance in the grid circuit of the 59 operating as a Class A amplifier
(either with triode or pentode connection) should not exceed 0.5 megohm if self-bias
is used. Wichout self-bias, the resistance should not exceed 10000 ohms. The use
of resistances higher than these may cause the tube to lose bias due to grid current with
the result that the plate current will rise to a value sufficiently high to damage the tube.

For Class A Pentode Operation of the 59, the grid (No. 3) adjacent to the
plate is tied to the cathode and thus serves as the suppressor, while the other two grids
(No. 2 and No. 1) serve as the screen-grid and control-grid respectively. Operation
of the tube is then similar to any Class A power output pentode.

For Class B Triode Operation of the 59, the grid (No. 3) adjacent ro the plate
is tied to the plate, while the other grids (No. 2 and No. 1) are connected together to
serve as a single control-grid. No grid bias is necessary with this connection. This
feacure is particularly important because it prevents the variation of bias with applied
signal which would otherwise exist if any self-bias arrangement were employed. A
discussion of Class B design features is given on page 14.

AVERAGE PLATE CHARACTERISTICS
CLASS B OPERATION
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AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION - TRIODE CONNECTION
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RCA-71-A C71-A

POWER AMPLIFIER

The 71-A is a power amplifier tube of low output
impedance for use in the output stage of audio-frequency

amplifiers.
CHARACTERISTICS

Firament Vortace (D. C). . ... ... ... ... .. ... 5.0 Volts
FriLament CURRENT . ... ..o 0.25 Ampere
Prate VOLTAGE....... ........... 90 135 180 max. Volts
Grio Vorrace®. ... ... . .. .. -16.5 -27 -40.5 Volts
Prate CURRENT. .. .. .. ... .o 10 17.3 20 Milliamperes
PLaTeE REsisTANCE. ... ....... ... .. 2170 1820 1750 Ohms
AwprLiricaTioN FacTtor. .. ... .. .. .. 3 3 3
Mutuar CONDUCTANCE. ... .. ... ... 1400 1650 1700 Micromhos
J.oaDp RESISTANCE................. 3000 3000 4800 Ohms
UnpistorTED Power Qureur....... 0.125 0.4 0.79 Watts
BuLB (For dimensions, see Page 151, Fig. 11). ... v oo oo i i oot ST-14
BAsSE (For socket connections, see Page 150, Fig. 1). ... ... ... ... ... Medium 4-Pin

* For operation on a-c filament supply, increase grid-bias voltage 2.5 volts.

INSTALLATION

The base pins of this tube fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position.

The coated filament of the 71-A may be operated from a storage battery or from
the a-c line through a step-down transformer. For operation of this tube from a
storage battery, a fixed or vatiable resistor of suitable value is required to reduce the
battery voltage to 5.0 volts across the filament terminals at the socket.

APPLICATION

Operating conditions are given under CHARACTERISTICS for the use of this
tube in the power output stage. A family of plate characteristics is given on page 113.

With a d-c filament supply, the grid- and the plate-return should be made to the
negative filament terminal. For a-c filament supply, the plate- and the grid-return
should be brought either to a mid-tapped resistor of 20 to 40 ohms across the filament
winding, or to a mid-tap of the filament winding.

Grid bias for the 71-A may be obtained from a C-battery or by means of the
voltage drop in a resistor connected in the negative plate-return lead. This second
method is known as the self-biasing method, since the plate current determines the
drop. It is not, however, generally applicable to battery- operated receivers. The
proper value of this resistor for a plate voltage of 180 volts is 2150 ohms; for a plate
voltage of 135 volts, 1700 ohms; and for 90 volts, 1600 ohms.

If more output is desired than can be obtained from a single 71-A, two 71-A’s may
be operated either in parallel or push-pull connection. When two 71-A’s are operated
together in the same amplifier stage, the values of the self-biasing resistors will be
approximately one-half the values given above for a single tube.

An output device should be used to transfer power to the winding of the repro-
ducing unit.
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RCA-75 C-75

DUPLEX-DIODE HIGH-MU TRIODE

The 75 is a 6.3-volt heater type of tube consisting of two diodes
and a high-mu triode in a single bulb. It is for use as a combined
detector, amplifier, and automatic-volume-control tube in radio
receivers designed for its characteristics. It is especially useful in

automobile receivers where the heater supply is obtained from a
storage bactery. For diode-detector considerations, refer to page 17.

CHARACTERISTICS

Heater Vortace (A. C.or D.C).oin it Volts

6.3
Heater CURRENT. ... i i 0.3 Ampere
GRID-PLATE CAPACITANCE. .« oot it ee e it 1.7 uuf
Grip-Cataope CAPACITANCE. ..o v iv e 1.7 uuf
PLATE-CATHODE CAPACITANCE. ..o i v s e e e 3.8 puf
Buis (For dimensions, see Page 151, Fig. 7) . . . .o iv i e e iee e ST-12
0 Small Metal
Base (For socket connections, see Page 150, Fig. 13). . . . . .o . ..\ .uu... Small 6-Pin

Triode Unit —As Class A Amplifier
HEATER VOLTAGE. . . .. ..ot 6.3 Volts
PLATE VOLTAGE. . ... .. it ii it 250 max. Volts
GRID VOLTAGE. ..ot e ittt et -2 Volts
AwmprriricaTion FacTor. ... . oo 100
PLATE RESISTANCE. . . .. ..ot e 91000 Ohms
MUTUAL CONDUCTANCE. .o e it et eene cieeee e 1100 Micromhos
PLAaTE CURRENT. ... ..ot e i 0.8 Milliampere
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given under Type 2B7, page 41.

INSTALLATION

The base pins of the 75 fit the standard six-contact socket which may be installed
to hold the tube in any position.

Heater operation and cathode connection are che same as for cthe 6A7.

APPLICATION

The 75 in many respects is similar in application to the 55. The outstanding
difference, however, is that the 75 has a high-mu triode. For this reason, the tube is
recommended for use only in resistance-coupled circuits. Furthermore, diode-biasing
of the triode unit is not suitable because of the probability of triode plate current cuc-oft
even with relatively small signal voltages applied to the diode circuit.

As an amplifier in resistance-coupled a-f circuits the 75 may be operated under
the conditions given on page 142. A family of plate characteristics is given on the
next page.
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RCA-77 C-77

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended especially for service
as a biased detector in radio receiver designed for its character-
istics, especially those of the mobile type employing a 6-volt heater
supply. In such service, this tube is capable of delivering a large
audio-frequency output voltage with relacively small input voltage.
Other applications of the 77 include its use as a low-signal-input screen-grid
amplifier tube and as an automatic-volume-control tube.

CHARACTERISTICS
HeaTter Vortace (A. C.or D.CH)........... ... 6.3 Volts
Heater CURRENT. ... .00 0.3 Ampere
PLate VOLTAGE. ........................ 100 250 max. Volts
SCREEN VOLTAGE. .. oo oo i 60 100 max. Volts
GrRID VOLTAGE. ........ .o -1.5 -3 Volts
SUPPRESSOR .« vvvvv it iinitaeea e Connected to cachode at socket
Prate CuRReNT. ... ... oo 1.7 2.3 Milliamperes
ScREEN CURRENT . .0 oot 0.4 0.6 Milliampere
Prate ResisTance. ... ... ... ... ... .. 0.65 1.5 approx. Megohms
AwmpriFicaTioN FacTor. . ... .o oL 715 1500 approx.
MutuarL CONDUCTANCE. . ... oo 1100 1250 Micromhos
Grip Vortage®. . ... .. ...l -5.5 —7.5approx. Voles
Grip-PLaTe Caracitance (With shield-can). . 0.007 max. uuf
INPUT CAPACITANCE. ..o v oot 4.4 uuf
OQUuTPUT CAPACITANCE. . . o vt e 10.6 uuf
BuLs (For dimensions, see Page 151, Fig. 7). . . . .. .. oo o ST-12
AP . Small Metal
Base (For socket connections, see Page 150, Fig. 11). . ........... ... Small 6-Pin
* For cathode current cut-off.
INSTALLATION

The base pins of the 77 fit the standard six-contact socker which may be installed
to hold the tube in any position,

For heater operation and cathode connection, refer to INSTALLATION under
Type 6A7.

Shielding requirements are similar to chose for the Type 57.

APPLICATION

As a biased detector, the 77 is particularly recommended because of its ability
to deliver a large audio-frequency output voltage of good quality with a fairly small
radio-frequency signal input. Recommended conditions for the 77 as a biased detector
are as follows:
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Heater VoLtace. . .............. 6.3 Volts
PraTte Sveeryt...... ... .. . ... ... 100 250 250 Voles
ScrEEN VOLTAGE. . .. ..o 36 50 100 max. Volts
GRID VOLTAGE. .................. -2 -2 4.3 Voles
CaTtnope Resistor. . ........... ... 12500 3000 10000 Ohms
SUPPRESSOR .. oo Connected to cathode at socket

Cartnope Current (No signal). ... .. 0.16 0.65 0.43 Milliampere
PrLaTE REsisTOR. .. ............... 0.25 0.25 0.30 Megohm
Brocking CONDENSER . . ............ 0.014 0.03 0.03 uf

Grip ResisTor**. ... ... ... ... ... 0.25 0.25 0.25 Megohm
R-F Signar (RMS)°. ... ..., 1.88 1.18 1.37 Voles

T Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by
plate current.

** For the following amplifier tube.

°° With these signal voltages modulated 209, the voltage output for the 100-volt plate supply is 14 peak
volts at the grid of the following amplifier, 2 value sufficient to insure full audio output from a type 43:

likewise, for the 250-volt conditions, 17 peak volts, a value sufficient to insure full audio output from a
type 2AS.

Detector bias may be obtained from a bleeder circuit, from a resistor in the cacthode
circuit, or from a partial self-biasing circuit. The cathode-resistor method permits
of higher output at low percentage modulation since the input signal may be increased
(ajlmosc in inverse proportion to the modulation without resulting in objectionable

istorcion.

As an audio-frequency amplifier in resistance-coupled circuits, the 77 may
be operated as shown on page 142.

As a radio-frequency amplifier, the 77 may be used particulacly in applica-
tions where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control-grid voltage (or both) may be varied
to conctrol the receiver volume. When larger signals are involved, 2 super-control
amplifier cube should be employed to prevent the occurrence of excessive cross-modula-
tion and modulation-distortion. Recommended operating conditiors for amplifier
service are given under CHARACTERISTICS.

As a mixer in superheterodyne circuits, the 77 may be employed tut a tube having
super-control characteriscics is to be preferred, especially if signals of large magnitude
are to be received, and if supplementary volume control is to be obtained in this stage.

AVERAGE PLATE CHARACTERISTICS
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RCA-78 C-78

TRIPLE-GRID SUPER-CONTROL AMPLIFIER

The 78 is a triple-grid super-control amplifier tube recommended
for service in the radio-frequency and intermediate-frequency stages
of radio receivers designed for its characteristics, especially those of
the mobile type employing a 6-volt heater supply. The ability
of this tube to handle usual signal voltages without cross-modula-
tion and modulation-distortion makes it adaptable to the r-f and i-f
stages of receivers employing automatic volume-control. The incternal shield around
the plate of the 78 is connected to the cathode within the tube.

CHARACTERISTICS

Heater Vortage (A. C.or D.C)ooo ool 6.3 Volts
Heater CURRENT. ... ... . e 0.3 Ampere
Peate VoLTAGE. .............. 90 180 250 250 max. Volts
ScrEEN VOLTAGE. ... .......... 90 75 100 125 max. Volts
Grib VOLTAGE. . ... .......... -3 -3 -3 -3 min. Voles
SUPPRESSOR. . .« oot eae Connected to cathode at socket
Prate CurrenT. ... ... ... 54 4.0 7.0 10.5 Milliamperes
ScreeN CURRENT............... 1.5 1.4 2.0 3.0 Milliamperes
PraTe REsisTance. . ........... 0.315 1.0 0.8 0.6 Megohm
AwmpLIFICATION FACTOR. ... ... .. 400 41100 1160 990
MuvuruaL ConpucTance. .. ... ... 1275 1100 41450 1650 Micromhos
Grip VoLtace*............... =38.5 -32.5 -42.5 -52.5 Voles
Grip-PLaTe Capacitance (With

shield-can) .. .............. 0.007 max. uuf
InpuT CAPACITANCE. ... .. ... ... 4.4 puf
Qurrut CAPACITANCE. ... ... ... 10.6 uuf
BuLs (For dimensions, see Page 150, Fig. 7). . . . . .. ... .. ..., ST-12
AP ettt e e e e e Small Metal
BAase (For socket dimensions, see Page 150, Fig. 11) ... ... ... Small 6-Pin

* For mutual conductance = 2 micromhos.

INSTALLATION

The base pins of the 78 fit the standard six-contact which may be installed to hold
the tube in any position,

Heater operation and cathode connection are the same as for the 6A7.

Control-grid bias variation, sereen voltage supply, and suppressor connec-
tion follow the methods given under INSTALLATION for the 58.

Shielding requirements are similar to the 57.

APPLICATION

As a radio-frequency amplifier, the 78 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote “‘cut-off”’
feature, and its flexible adaprability to circuit combinations and to receiver design.
féecomsmended conditions fer the 78 as an amplifier are given under CHARACTER-
ISTICS.
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To realize the maximum benefit of the long “‘cut-off”’ feature of this tube, it is
necessary to apply a variable grid bias and to maintain the screen at a constant potential
with respect to the cathode. However, good results may be obtained by using a
variable cathode resistance which, of course, reduces the screen potential with respect
to the cathode by the same amount that the bias is increased, thus hastening the “‘cut-
off”” and reducing the ability of the tube to handle large signals. This undesirable
effect may be nullified by means of a series resistor in che screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage in
the case of four-electrode tubes is usually impossible because of secondary emission
phenomena. In che 78, however, the suppressor practically removes these effeces and
it is cherefore possible to obrain satisfactorily the screen voltage from the plate supply
or from some high intermediate voltage providing these sources do not exceed 250
volts.  With this method, the screen-to-cathode voltage will fall off very liccle from
minimum to maximum value of cathode-control resistor. In some cases, it may
actually rise. This rise of screen-to-cathode voltage above the normal maximum
value is allowable because the screen and the plate current are reduced simultaneously
by a sufficient amount to prevent damage to the tube. It should be recognized in
general thac the series resistor method of obtaining screen voltage from a higher voltage
supply necessitates the use of the variable cathode-resistor method of controlling
volume. When screen and control-grid voltages are obtained in this manner, the
remote “‘cut-off’’ advantage of the 78 may be fully realized.

As a mixer in superheterodyne circuits, the 78 may be used to advantage. It is
capable of producing under the proper conditions of grid and local oscillator voltage,
a gain in the mixer stage of about one-third that which can be obtained in an inter-
mediate-frequency amplifier stage. In addition, this gain can be controlled as in the
case of the radio-frequency amplifier by varying the grid bias either from a separate
supply or from a variable resistor in the cathode circuit. This is a particularly desir-
able feature in receivers employing automatic volume-control, because it enables a
much lower threshold input to be received without loss of amplification and permits
the reception of high input voltages without loss of control. Recommended condi-
tions for the 78 as a superheterodyne mixer follow: Plate voltage, 250 volts; screen
voltage, 100 volts; suppressor, connected to cathode at socket; and grid-bias volrage,
—10 volts minimum (with 9-volt oscillator peak swing). With an oscillator peak
swing of 1 volt less than che grid bias, these values are not critical and may be chosen
to meet circuit-design requirements.

AVERAGE PLATE CHARACTERISTICS

TYPE 78
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RCA-79 C-79

CLASS B TWIN AMPLIFIER

The 79 is a heater-cathode type of tube combining in one bulb
two high-mu triodes designed for Class B operation. It is intended
for use in the audio-output stage of radio receivers, especially those
of the mobile type which obtain their heater-supply voltage from a
storage battery. The triode units have separate external terminals
for all electrodes except the cathode and heater so that circuit design
employing the 79 is similar to that of Class B amplifiers utilizing individual tubes in
the output stage

CHARACTERISTICS

Heater VoLtace (A. C.or D. C)... ool 6.3 Volts
HEATER CURRENT ..o oo oottt i 0.6 Ampere
PLATE VOLTAGE. .. oot ot oi e e e e 250 max. Volts
Dynawmic Peax Prate Current (Per plate). .. ... .. .. 90 max. Milliamperes
AveraGE PraTe DissipATION. .. ooco oo 11.5 max. Wartes
TypicaL OpERATION

Heater Voltage. . .................... 6.3 Volts

Plate Voltage.............. ... ...... 180 250 Voles

Grid Voltage. ................ .. ... 0 0 Volts

Static Plate Current................... 7.5 10.5 Milliamperes

Load Resistance (Plate-to-plate)......... 7000 14000 Ohms

Nominal Power Queput*.............. 5.5 8.0 Watts
BuLs (For dimensions, see Page 151, Fig. 7) . . . ..o ov e, ST-12
AP ot i e e Small Metal
BAse (For socket connections, see Page 150, Fig. 19). . ... oo oo vn ... Small 6-Pin

* With average power input of 380 milliwatts applied between grids.

INSTALLATION

The base pins of the 79 fic cthe standard six-contact socket which may be installed
to operate the tube either in a vertical or in a horizontal position. Sufficient ventila-
tion should be provided to circulate air freely around the tube to prevent overheating.

The heater of the 79 is designed to operate on either d.c. or a.c. For operation
on a.c. with a transformer, the winding which supplies the heater circuit should operate
the heater at its recommended value for full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 79 sockec
should be connected directly across a 6-volt battery. In receivers that employ a series-
heater connection, the heater of the 79 may be operated in series with the heaters of
other types having a 0.3-ampere rating. The current in the heater circuit should be
adjusced to 0.3 ampere for the normal supply-line voltage.

The cathode of the 79 when operated from a.c., should preferably be connecred
directly to the electrical mid-point of the heater circuit. This practice follows the
recommendation that no bias be applied between heater and cathode, and that the
potencial difference between them be kept as low as possible in order to prevent
hum in the circuit. If the use of a large resistor is necessary berween
heater and cathode in some circuit designs, it should be by-passed by a suitable filter
network or obiectionable hum may develop. In the case of the 79 when it is operated
in receivers emnloying a 6-volt storage batcery for the heater supply, the cathode circuic
is tied in either directly or through biasing resistors to the negative battery terminal.
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In receivers employing a series-heater circuit, the cathode circuit of the 79 is tied in
either directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-c power line or by the a-c line through a rectifter

APPLICATION

As a Class B power amplifier, the 79 is used in circuits similar in design to
those utilizing individual tubes in the output stage. It requires no grid-bias, since the
high-mu feature of the triode units reduces the steady plate current at zero bias to only
a few milliamperes. Refer to page 14 for general Class B amplifier design considera-
tions.

Asa Class A amplifier, the 79 may be used with grid-bias volcage for small inpuc
signals.  Such applications include circuits employing the two triode units either in
parallel or in push-pull connection.

In other applications, the two triode units of the 79 may be used in various cir-
cuits to combine the functions of oscillation, detection and/or amplification.

AVERAGE PLATE CHARACTERISTICS
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RCA-80 C-80

FULL-WAVE RECTIFIER

The 80 is a full-wave rectifying tube intended for use in
d-c power supply devices which operate from the a-c supply

line.
CHARACTERISTICS

Frieament Vortace (A. C). oot 5.0 Volts
FiLaMenT CURRENT . . oo v it i i e 2.0 Amperes
1 JA-C Vorrace Per Prate RMS)......... .. ... 350 Volts

1D-C Outpur CURRENT. . .. o vviie oo 125 max.  Milliamperes
2 [A-C Vorracge Per PLaTe (RMS)........ ... .. 400 max. Voles

1D-C Ourrur CURRENT. . . ... i 110 max.  Milliamperes
3* {A-C Vortace Per Pate (RMS).............. 550 max  Volts

1D-C Outpur CURRENT . .« ot iv v e ee e 135 max.  Milliamperes
Burs (For dimensions, see Page 151, Fig. 11) .o o v v oot oo it o e e e e ST-14
BASE (For socket connections, see Page 150, Fig. 2). o v v iviv v v enn Medium 4-Pin

* This rating is permissible only with filter circuits having an input choke of at least 20 henries.

INSTALLATION

The base pins of the 80 fit the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to place
the tube in a horizontal position, the socket should be mounted with boch of the
filament-pin openings, either at the top or at the bottom. This precaution locates the
filament-plane vertical for most satisfactory performance. Provision should be made
for free circulation of air around the bulb since it becomes quite hot during operacion.

The coated filament of the 80 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be the
rated value of 5.0 volts under operating conditions and average line voltage.

The approximate d-¢ output voltage of the 80 for various values of a-c input
voltage may be obtained from the curves. For the d-c voltage available at the radio
set, it is necessary to subtract the voltage drop across the filter from the value read from
the curves.

APPLICATION

As a full-wave rectifier, the 80 may be operated with condenser-input or choke-
input filer under conditions not to exceed the ratings given under CHARACTER-
ISTICS.

As a half-wave rectifier, two 80’s may be operated in a full-wave circuit with
reasonable serviceability to deliver more d-c output current than can be obtained from
one tube. FPor this use, the plates of each 80 are tied together at the socket. The
allowable voltage and load conditions per tube are the same as for full-wave service.

The filter may be of either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of the
a-c input voltage. The peak value is about 1.4 times the RMS value as measured
by most a-c voltmeters. Filter condensers, therefore, especially the input condenser,
should have a rating high enough to withstand the instantaneous peak value, if break-
down is to be avoided. When the input-choke method is used, the available d-c
output voltage will be somewhat lower than with the input-condenser method for
a given a-c plate voltage. However, improved regulation together with lower
peak current will be obtained.
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OUTPUT CHARACTERISTICS
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UX-281 CX-381

HALF-WAVE RECTIFIER

The '81 is a half-wave rectifier tube for use in d-c powet-
supply devices operating from the alternating-current supply
line.  Full-wave rectification may be accomplished by
two '81’s,

CHARACTERISTICS
Fieament Vortace (A. C). ..o 7.5 Volts
FroameENT CURRENT . .. ..o i i e 1.25 Amperes
A-C Prate Vortace (RMS).............. ... ... 700 max. Volts
D-C OutpUT CURRENT ..« . ot ee e eee i 85 max. Milliamperes
BuLs (For dimensions, sce Page 151, Fig. 15). . . o oo oo S-19
BASE (For socket connections, see Page 150, Fig.3). oo Medium 4-Pin

INSTALLATION

The base pins of the ’81 fit the standard four-contact socket which should be
mounted to hold the tube in a vertical position. Provision should be made for free
citculation of air around the bulb since it becomes quite hot during operation,

The coated filament of the '81 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be
the rated value of 7.5 volts under operating conditions and average line voltage.

The approximate d-¢ output voltage of the '81 in half-wave and full-wave con-
nection for various values of a-c input voltage may be obtained from the curves.
For the d-c voltage available at the radio ser, it is necessary to subtract the voltage
drop across the filter from the value read from the curves on preceding page.

APPLICATION

As a half-wave rectifier, the '81 may be operated under conditions not to exceed

those given under CHARACTERISTICS.

In full-wave circuits, two '81’s are required to rectify each half of the a-c volrage.
Operating voltages per tube are the same as for the half-wave circuit, but twice the
d-c output current may be obtained.

The filter may be of either the condenser-input or choke-input type. If an inpuc
condenser is used, consideration must be given to the instantaneous peak value of the
a-¢ input voltage. The peak value is about 1.4 times the RMS value as measured
by most a-c voltmeters For this reason, filter condensers, especially the input con-
denser, should have a rating high enough to withstand che instantaneous peak value,
if breakdown is to be avoided. When the input-choke method is used, the available
d-c outpur voltage will be somewhat lower chan with the input-condenser mechod for
a given a-c plate voltage. However, improved regulation, together wicth lower
peak current, will be obrained.

For special applications, it is possible to obtain a d-c outpur voltage approxi-
mately double that to be expecred from conventional rectifier circuits, withour exceed-
ing the recommended maximum a-c input-voltage per tube. This is accomplished
by means of a voltage-doubling system designed for each particular application.
See page 16.
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RCA-82 C-82

FULI.-WAVE MERCURY-VAPOR
RECTIFIER

The 82 is a full-wave mercury-vapor rectifier tube of the hot-
cathode type for use in suitable rectifying devices designed to supply
d-¢c power of uniform voletage to receivers in which the direct-current
requirements are subject to considerable variation. The excellent
voltage-regulation characteristic of the 82 is due to its low and practically constant
tube voltage drop (only about 15 volts) for any current drain up to the full emission
of the filament (see page 4).

CHARACTERISTICS

Fieament Vorrace (A. C). ... o ... 2.5 Volts
Freament CURRENT . ... ... i i 3.0 Amperes
A-C Vorrace Per Pate (RMS).................. 500 max. Volts

Peax INVERSE VOLTAGE. .... . .................... 1400 max. Volts

D-C Ourput Current (Continuous). .............. 125 max. Milliamperes
Peax Prate CURRENT. ... ... .o 400 max. Milliamperes
Tuse Vorrace Dror (Approximaze)............... 15 Volts

BuLs (For dimensions, see Page 151, Fig.9). ... . .. .. . ... S-14

Base (For socket connections, see Page 150, Fig. 2). . oo oo v it i el Medium 4-Pin

MERCURY-VAPOR RECTIFIER CONSIDERATIONS

The 82 has very low internal resistance, so that the current it delivers depends on
the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used wich this tube to limit its
current to the recommended maximum value. If this value is exceeded, the tube
voltage drop will increase rapidly and may permanently damage the filaments.

It is characteristic of mercury-vapor rectifiers that no appreciable plate current
will flow until the plate voltage reaches a cerrain critical positive value. Ac this
point the plate cutrent rises steeply to a high value in a small fraction of a second.
This surge of current re-occurring each time either plate becomes positive may excite
circuits in the vicinity of the tube to damped oscillation and thus cause noisy radio
receiver operation. It is usually necessary, therefore, to provide small radio-frequency
chokes in series with each plate lead so that the slope of the current wave front to the
filter is reduced sufficiently to eliminate impact excitation.

INSTALLATION

The base of the 82 is of the medium 4-pin type. Its pins fit the standard four-
contact socket which should be installed to operate the tube in a vertical posicion
with the base down. Only a socket making very good filament contact and capable
of carrying 3 amperes continuously should be used. Poor contact ac the filament
pins will cause overhearing at the pins and socker, lowered filament volrage, and also
high internal tube drop with consequent injury to the tube.
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The bulb becomes hot during continuous operation  Provision should be made,
especially if shielding is employed, for adequate natural ventilation to prevent over-
heating

The filament is of the coated type and is intended for a-c operation from one
of the secondary windings of a power transformer  This winding, provided with
a center-tap or center-tap-resistor, should supply at the filament terminals the rated
operating voltage of 2.5 volts when average rated voltage is applied to the primary.
The high current taken by the filament and the possibility of damage caused by apply-
ing plate voltage to the tube with its filament insufficiently heated make it impera-
tive that all connections in the filament circuit be of low resistance and of adequate
current-carrying capacity.

The plate supply is obtained from a center-tapped high-voltage winding designed
so that the maximum a-c input volrtage per plate will not exceed 500 volts RMS
under varying conditions of supply-line volecage. The resistance of the transformer
windings should, of course, be low if full advantage of the excellent regulacion capabili-
ties of this mercury-vapor rectifier is to be obtained. Since the drop through the tube
is practically constant, any reduction in rectified voltage when the load is increased is
due to the drop in the transformer and/or the filter windings. The return-lead from
the plates, i.c., the positive bus of the filter and load circuit, should be connected to
the center-tap of the filament winding

Shielding of this tube, particularly in sensitive receivers, may be necessary to
eliminate objectionable noise. Radio-frequency choke coils, connected in series with each
plate lead and placed within the shielding if used, are usually necessary in receivers having
high sensitivity. The inductance of the chokes should be one millihenry or more.

A fuse having a rating approximartely 50 %, in excess of normal load requirements
should be inserted in the primary of the power transformer to prevent damage in case
of excessive current which may flow under abnormal conditions.

It is recommended that the entire equipment be disconnected from the a-c power
supply whenever the 82 is removed from or installed in its socket.

APPLICATION

The 82 is recommended for supplying d-c power to receivers, parcicularly those
in which the direct-current requirements cause considerable variation in the load im-
pressed on the reccifier tube.

Filter circuits (page 15) of either the condenser-input or the choke-input type may
be employed provided the maximum voltages and currents tabulated under CHAR-
ACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred
from the standpoint of obtaining the maximum continuous d-c output cutrrent from
the 82 under the most favorable conditions.

As a half-wave rectifier, the 82 may be operated with plates connected in
parallel. For example, two 82’s so arranged in a full-wave circuit can supply
twice the output current of a single tube.  When the 82’s plates are operated in parallel,
a resistor of not less than 100 ohms should be connected in series with each plate in
order that each plate will carry its proper share of the total load.

Under operating conditions, the 82 has a bluish-white glow filling the space
within the plates and extending to some degree into the surrounding space outside the
plates. This glow, caused by the mercury vapor, is an inherent operating characrer-
istic of the 82.
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RCA-83 C-83

FULL-WAVE MERCURY-VAPOR RECTIFIER

The 83 is a heavy-duty, full-wave, mercury-vapor rectifier tube
of the hot-cathode type. It is intended for use in suitable rectifying
devices designed to supply d-c power of uniform voltage to receivers.
The excellent voltage regulation characteristic of the 83 is due to
its low and practically constant tube voltage drop (only about 15
volts) for any current drain up to the full emission of its filaments.

For mercury-vapor rectifier considerations, refer to page 4.

CHARACTERISTICS
Freament Vortace (AL C) ..ol 5.0 Volts
Friament CURRENT . . ..o o oo 3.0 Amperes
A-C Vortace Per Prate (RMS)............ ... ... 500 max. Volts
Peax INVERSE VOLTAGE. . .....c.oviiii . 1400 max. Volts
D-C Outeut Current (Continuous)............... 250 max. Milliamperes
Peak PLATeE CURRENT . .. . .o 800 max. Milliamperes
Tuse Vortace 1Drop (Approximate)............... 15 Voles
BuLp (For dimensions, sce Page 151, Fig. 13) ... .................. ST-16
Base (For socket connections, see Page 150, Fig. 2) ... .............. Medium 4-Pin

INSTALLATION

Installation of the 83 is similar to that of the 82.

APPLICATION

The 83 is intended for supplying large amounts of d-c power to receivers whose
requirements are in excess of the rating of the 82, The 83 is recommended for heavy-
drain receivers in which the direct-current requirements cause considerable variation
in the load impressed on the rectifier tube.

Filter circuits (page 15) of either the condenser-input or the choke-input type may
be employed provided the maximum voltages and currents tabulated under CHAR-
ACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred
from the standpoint of obtaining the maximum continuous d-c output currenc from
the 83 under the most favorable conditions.

As a half-wave rectifier, the 83 may be operated with places connected
in parallel. For example, two 83’s so arranged in a full-wave circuit can supply
twice cthe output current of a single tube. When the 83’s plates are operated in parallel,
a resistor of not less than 50 ohms should be connected in series with each plate in
order that each plate will carry its proper share of the toral load. If the load is less
than 759, of the total maximum current rating of the tube(s), the series plate resistors
should be increased to 100 ohms each.

Under operating conditions, the 83 has a bluish-white glow filling the space within
the plates and extending to some degree into the surrounding space outside the plates.
This glow, caused by the mercury-vapor, is an inherent operating characteristic of the
tube.
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RADIO TUBES

4 RCA-84 C-84

FULL-WAVE RECTIFIER

The 84 is a high-vacuum rectifier of the heater-cathode
type intended for supplying rectified power to automobile-
radio equipment designed for its characteristics. This type
is interchangeable with the 6Z4.

CHARACTERISTICS
Heater VoLtage (A. C.or D. C). ..o 6.3 Volcs
Heater CURRENT....... oo 0.5 Ampere
A-C Vortace Per Pate (RMS).......... ... ..., 225 max. Volts
D-COutpur CURRENT. . vt ivi it 50 max. Milliamperes
BuLs (For dimensions, see Page 151, Fig. 6). . o oo v i ieiee e iinns ST-12
BASE (For socket connections, see Page 150, Fig. 23). . . v oo o vt v e e Small 5-Pin

INSTALLATION

The base pins of the 84 fit the standard five-contact socket which may be mounced
to hold the tube in any position.

The bulb of this tube will become very hot under certain conditions of operation.
Adequate ventilation should be provided for cooling the tube by the use of chassis
enclosures designed to radiate heat efficiently.

The heater is designed so that the normal volt- OYTPUT CHARACTERISTICS
TYPE 84 INPUT TO FILTER

age variation of 6-volt automobile batteries during Ee63voLTs | T GONDENSER
charge and discharge will not marterially affect the
petformance or serviceability of this cube. In such
service, the heater terminals of the socket should be

connected directly across a 6-volt battery. Leads to F2YOUTS s e
the bateery should have as low resistance as practical. 200 e
175 T —]
T — 200
APPLICATION s S el
.

==L 5

The 84 is well suited for supplying rectified power
to radio equipment of the automobile type. In such S
equipment, the performance of this tube is similar to
that of any other high-vacuum rectifier.

D-C OUTPUT VOLTS AT INPUT TO FILTER

. . . . 02 o
Filter circuits of the condenser-input or the D Lono M A e 0

choke-input type may be employed provided che

recommended maximum plate voltage and output current given under CHARAC-
TERISTICS are not exceeded. The d-c potential difference berween heater and
cathode should be limited to 300 volts.

For discussion of rectifiers and filter circuits, refer to page 15.
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RCA-85 C-85

DUPLEX-DIODE TRIODE

The 85 is an a-c heater type of tube consisting of two diodes and a
triode in a single bulb. It is for use as a2 combined detector, amplifier,
and automatic-volume-control tube in radio receivers designed for its
characteristics. The 85 is especially useful in automobile receivers
where the heater-supply voltage is obtained from a storage battery.

The two diodes and the triode are independent of each other
except for a common cathode sleeve which has one emitting surface for the diodes and
another for the triode. The separate tube units permit of unusual flexibility in circuic
arrangement and design. For example, the diodes of this tube can perform at the
same time the functions of detection and of automatic volume-control; while at the
same time the triode may be used as an amplifier under its own optimum conditions.

For diode-detcctor considerations, refer to page 17.

CHARACTERISTICS
Hearer Vorrace (A. C.orD.C).. .o oL,

Heater CURRENT ... .ot

6.3 Voles

0.3
GRID-PLATE CAPACITANCE. - o o v oo 1.5 uuf

1.5

4.3

Ampere

upf

PraTe-Catope CAPACITANCE. . vvvn oo oo . puf

BuLs (For dimensions, see Page 151, Fig. 7). o v oo oo i e ST-12

AP, o Small Metal

BasE (For socket connections, see Page 150, Fig. 13) .. oo v v vt e o nn . Small 6-Pin
Triode Unit - As Class A Amplifier

Hearer VoLraGe. ... ... ....... 6.3 Volts

Prate VOLTAGE. ... ....... ..... 135 180 250 max. Volts

GripD VOLTAGE. ... oi oo, -10.5 -13.5 -20 Volts

AwmpriricaTion Facror. . ... .. ..... 8.3 8.3 8.3

PraTe ResisTance. .. ... ... ...... 11000 8500 7500 Ohms

Murvar CONDUCTANCE. ... .. ... ... 750 975 1100 Micromhos

Piate CURRENT. . ..o oot 3.7 6.0 8.0 Milliamperes

Loap Resistance................. 25000 20000 20000 Ohms

Power OureuT. ... ... ... ... ... 0.075 0.16 0.35 Warte

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given under Type 2B7, page 41.

INSTALLATION
The base pins of the 85 fit the standard six-contact socket which may be installed
to hold the tube in any position.
Heater operation and cathode connection are the same as for the 77.

Complete shielding of detector circuits employing the 85 is generally necessary
to prevent t-f or i-f coupling between the diode circuits and the circuits of other stages.
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APPLICATION

The 85 is recommended for performing the simultaneous funcrions of detection,
automatic volume-control, and amplification.

For detection, the diodes may be utilized in a full-wave circuit or in a half-wave
circuit. In the latter case, one plate only or the two plates in parallel may be employed
The use of the half-wave arrangement will provide approximately twice the rectified
voltage as compared with the full-wave arrangement.

For automatic volume-control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually employed as explained on page 101 for che 55.

For amplification, the triode may be employed in conventional circuit arrange
ments. Representative conditions for resistance-coupled amplifier applications are
given on page 142.  Grid-bias for the triode, depending upon circuit design,
may be obtained from a fixed voltage tap on the d-c power supply or may
be obtained by utilizing the variable voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In this connection, it should be noted that
the accompanying diagrams using types 85 or 55 designate this latter arrangemenc as
“Diode-Biased Amplifier.”” Diode biasing of the triode unit may be employed only
when at least 20000 ohms is used in the triode-plate circuit.

The plate family of characteristics for the triode unit is the same as that of cthe 55.
See page 101 for chese curves.

TYPICAL DUPLEX-DIODE TRIODE CIRCUITS

HALF ~WAVE DETECTOR FULL-WAVE DETECTOR HALF-WAVE DETECTOR
DIODE BIASED AMPLIFIER DIODE BIASED AMPLIFIER FIXED BIAS AMPLIFIER
A — T
RFC
RFC c[1 AF
' —lé»Ar Tc R) E>AF e
T 6 6 L TC
U c [Cs 1
LI Ll PO o] L " T & -
\ Cq4 [} Ca 3 1k
i DT 4,
R, [
— o] B+ B+ —ﬂwv-—_aMT«
FIG. t FIG.2 FIG.3
HALF-WAVE DETECTOR HALF ~WAVE DETECTOR HALF-WAVE DETECTOR, SEPARATE
DIODE BIASED D-C AMPLIFIER FIXED BIAS AMPLIFIER AM.C,FIXED BIAS AMPLIFIER

Ra
[3 ¢ A

L —“R.ﬂ i -Lw_

REGULATING Ce
VOLTAGE Re
8

B—
FIG.4 B FIGS5 = FIG.6
APPROXIMATE VALUES
¢, =150 W U FOR 500-1500 KC. Cg= Q000! pf. OR SMALLER
450 P LIE FOR 175 KC. Ry = Q.5-1,0 MEGOHM
Co= Qips Rp = 1.0—1.5 MEGOHMS
C3= OIpE R3 =01 MEGOHM
C4 = G5M£ OR LARGER Rg =Q5—1.0 MEGOHM
Cs = 054 OR LARGER Rg = 1O MEGOHM
Cg'= 001~ 0 [f Rg = 25000—75000 OHMS
C7 = 00005~000HUF Ep =VOLTAGE FOR SENSITIVITY
Cg = 0. OR LARGER CONTROL
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RCA-89 C-89

TRIPLE-GRID POWER AMPLIFIER

The 89 is a triple-grid power amplifier tube of the d-c heater-
cathode type recommended for use in automobile receivers and other
applications where d-c operation is desirable. The triple-grid con-
struction of this tube, with external connections for each grid, makes
possible its application as (1) a Class A Power Amplifier Triode, (2)
a Class A Power Qutput Pentode, and (3) a Class B Power Qutput Triode.

CHARACTERISTICS
Hearer Vortace (A. C.or 1. C). ... ... 6.3 Volts
HeATER CURRENT . ..ot oo 0.4 Ampere
BuLBs (For dimensions, see Page 151, Fig. 7). ... oo ST-12
CAP. Small Metal
Base (For socket connections, see Page 150, Fig. 14). ... ............ Small 6-Pin
Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate)
PLATE VOLTAGE. . ... oo 250 max. Volts
Dynamic Prak Prate CUuRRENT . . ..o 90 max. Milliamperes
Averace Grip Dissrpation (Grids No. 1 and No. 2
together). . ... 0.35 max Watts
Tyeicar OperaTiON (2 tubes)
Heater Voltage. .. .......................... 6.3 Voles
Plate Voltage. . ............. ... ... .. 180 Volts
Grid Voltage (Grids No. 1 and No. 2 together). . . 0 Voles
Static Plate Current (Per cube). ... ....... ... .. 3 Milliamperes
Load Resistance (Plate-to-plate)....... ... .. ... 9400 Ohms
Nominal Power Queput (2 tubes). ......... .. .. 3.5 Watts
Class A Power Amplifier—Triode Connection
{Grids No. 2 and No. 3 tied to plate)
HeaTer VOLTAGE. . ... .. ......... 6.3 Volts
PLATE VOLTAGE. ................. 160 180 250 max. Volts
Grip Vortace (Grid No. 1)....... -20 -22.5 -31 Volts
AwmpLiFicaTiON FacTtor . ... ... ... 4.7 4.7 4.7
PLaTE RESISTANCE. . . .. .. ... ... ... 3300 3000 2600 Ohms
MutuaL CONDUCTANCE. . . .. ... ... 1425 1550 1800 Micromhos
Prate CURRENT. .. . ... ... . ...... 17 20 32 Milliamperes
Loap REsistance®............. ... 7000 6500 5500 Ohms
UnpistorTED Powrr OuTrPUuT. ... ... 0.3 0.4 0.9 Watc

* Optimum for maximum undistorted power output. Approximately twice the value for any given set of
conditions is recommended for load of this tube when used as driver for Class B stage.
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Class A Power Amplifier—Pentode Connection
(Grid No. 3 tied to cathode)

Hearer VorTace. . ... ... ... 6.3 Voles

Prate VoLrTace. . . 100 135 180 250 max. Volts
ScreeN VOLTAGE (Gnd No 2) 100 135 180 250 max. Voles

Grip Vorrace (GridNo. 1). . ... -10 -13.5 -18 -25 Volts
AwmrrLiFicaTioN FacTtor. ... .. ... 125 125 125 425

PrLaTe REststance...... ... ... .. 104000 92500 80000 70000 Ohms
Muruar CONDUCTANCE. . . ... ... 1200 1350 1550 1800 Micromhos
Prate CurrenT. ... 0oL 9.5 14 20 32 Milliamperes
Screen CURRENT............... 1.6 2.2 3.0 5.5 Milliamperes
Loap Resistance. . ............ 10700 9200 8000 6750 Ohms
Power Qurput®. ... ... ... 0.33 0.75 1.5 3.4 Warcts

© 927 total harmonic distortion.

INSTALLATION

The base pins of the 89 fir the standard six-contact socket which may be inscalled
to hold the tube in any position. Sufficient ventilation should be provided to circulace
air freely around the tube to prevent overheating.

For heater operation, see Type 41; and for cathode connection refer to Type
6A7.

APPLICATION

For Class A Triode Operation of the 89, the two grids (No. 3 and No. 2)
immediately adjacent to the plate are connected to the plate, while the third (No. 1) is
employed for control purposes. Operation of the tube is then similar to any Class A
Power Amplifier Triode. When it is used as the driver for a Class B stage, the load
requirements are changed as indicated in the note under CHARACTERISTICS.

This change is recommended in order to minimize distortion due to the driver stage.

The d-c resistance in the grid circuit of the OPERATICN GHARASTER'STICS
89 operating as a Class A amplifier (eicher with PR aaVOITS
triode or pentode connection) should not ex- ,NFJT CLLSS :rONEL FEL I 8
ceed 1.0 megohm if self-bias is used. Without [ o AT R i
self-bias, the resistance should not exceed 0.5 g‘:f;&ig:?:fﬁ: :gfff:gm\;;‘@::géy &
megohm. R e

For Class A Pentode Operation of the e %
89, the grid (No. 3) adjacent to the plate is tied Ez,a— L 23 ¢
to the cathode and thus serves as the suppres- § || aJ
sor, while the other two grids (No. 2 and No. 56 e% %
1) serve as the screen-grid and control-grid re- 2 ’ i
spectively. Operation of the tube is then g s 3
similar to any Class A power output pentode. § B 4?0%

o

For Class B Triode] Operation of the R s | 9 o

89, the grid (No. 3) adjacent to the plate is tied o LI

DRIVER SIGNAL VOLTS {RMS)
to the plate, while the other two grids (No. 2

and No. 1) are connected together to serve as a single concrol-grid. A discussion of
Class B design features is given on page 14.
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AVERAGE PLATE CHARACTERISTICS
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RAD1O TUBES

UV-199 ano UX-199 C-299 anp CX-299

DETECTORS, AMPLIFIERS

The ’99 types are three-electrode, general purpose
tubes designed for dry-cell operation. The low power
consumption of these tubes makes them applicable to

portable receivers and services where power economy
is important. The two types have different bases.

CHARACTERISTICS

Firament Vorrace (D. C)oo o000 o 3.0-3.3 Voles
Firament CURRENT . . ... ... ... . . ... ... 0.060-0.063 Amperc
PLate VOLTAGE. .......................... 90 max. Volts
GRID VOLTAGE. . ... oot e -4.5 Volts
Prate CURRENT. . ... ... . o 2.5 Milliamperes
PLaTe REsisTance. ............. ... ... ..... 15500 Ohms
AwprpriricaTion Facror. . ... oL 6.6
MutuarL CONDUCTANCE. . ... ..ot 425 Micromhos
Grip-Prate CAPACITANCE. .. ..o 3.3 uuf
Grip-FiLament CAPACITANCE. . . ... oot 2.5 wuf
PraTe-FiramMenT CAPACITANCE. . . .. .. .. ... .. 2.5 uuf

Type ‘99 X-Type 99
ButrB (See Figs. on Page 1510, .. .. ......... T-8 (Fig. 3) T-8(Fig. 1)
Base...... ... ... . . Small 4-Nub Small 4-Pin

INSTALLATION

The base pins of the X-Type '99 fir the standard four-contact socket while the
’99 fits only the small shell socket with bayonet slot. The socket should be installed
so that the tubes will operate in a vertical position. Cushioning of the socket in
the detector stage may be desirable if microphonic disturbances are encountered.
For socket connections of X-Type '99 and of '99, see page 150, Fig. 1 and Fig.
10, respectively.

The filaments in these tubes are designed for operation with three No. 6 dry-
cells connected in series.  In multi-tube receivers the use of six or nine No. 6 dry-cells
connected in series-parallel to give 4.5 voles will decrease the current drain per cell
and give a more stable source of filament power. If storage-battery operation is
preferred, a four-volt storage battery may be used. In any case, a filament rheostat
should be provided so thar the filamenr. voltage can be adjusted to the recommended
operating value.

APPLICATION

As detectors, '99’s may be operated either with grid leak and condenser or with
grid bias. The recommended plate voltage for the former mechod is 45 volts. A
grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 uf is satis-
factory. The grid-circuit recurn should be connected to the positive filament terminal.
For grid-bias detection the maximum plate voltage of 90 voles may be used with the
corresponding negative grid bias of 10.5 voles. The grid bias should be adjusted so
that the plate current is 0.2 milliampere with no input signal.

As amplifiers, '99’s are applicable to the audio- or the radio-frequency stages of a
receiver. Recommended plate and grid voltages are shown under CHARACTER-
ISTICS.
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Radio Tube Testing

The radio tube user—service man, experimenter, and non-technical radio listener-
is interested in knowing the condition of his tubes, since they govern the performance
of the device in which they are used. In order to determine the condition of a tube,
some method of test is necessary.

Since the operating capabilities and design features of a tube are indicated and
described by its electrical characteristics, a tube is tested by measuring its character-
istics and comparing them with representative values established as standard for that
type. Tubes which read abnormally high with respect to the standard for the type
are subject to criticism just the same as tubes which are too low.

Certain practical limitations are placed on the accuracy with which a tube test can
be correlated with actual tube performance. These limitations make it unnecessary
for the service man and dealer to employ complex and costly testing equipment having
laboratory accuracy.

Since the accuracy of the tube-testing device need be no greater than the accuracy of
the correlation berween test resules and receiver performance, and since certain funda-
mental characeeristics are virtually fixed by the manufacturing technique of leading
tube manufacturers, it is possible to employ a relatively simple test in order to determine
the serviceability of a tube.

In view of these factors, dealers and service men will find it economically expedient
to obtain adequarte accuracy and simplicity of operation by employing a device which
indicates the status of a single characteristic. Whether the tube is satisfactory or un-
satisfactory is judged from the test result of this single characteristic. Consequently,
it is very desirable that the characteristic selected for the test be one which is truly
represencative of the tube’s overall condition.

SHORT CIRCUIT TEST

The fundamental circuit of a short-circuit tester is shown in Fig. 35. While che circuit
is suitable for tetrodes and types having less than four electrodes, tubes of more elec-
trodes may be tested by adding more indicator lamps to the circuit. Voltages are
applied berween the various electrodes with lamps in series with the electrode leads.
Any two shorted electrodes complete a circuit and light one or more lamps. Since
two electrodes may be just touching to give a high-resistance short, it is desirable
that the indicating lamps operate on very low current. It is also desirable to maintain
the filament or heater of the tube at its operating temperature during the short-circuit
test,hbecadusc short-circuits in a tube may sometimes occur only when the electrodes
are heaced.

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST

Some characteristics of a tube are far more imporcant in determining its operating
worth than are others. The cost of building a device to measure any one of the more
imporcant characteristics may be considerably higher than that of a device which
measures a less representative characteristic. Consequently, three methods of test will
be discussed, ranging from relatively simple and inexpensive equipment to more
elaborate, more accurate, and more costly devices. -

An emission test is perhaps the simplest method of indicating a tube’s:condition.
(Refer to DIODES, page 3 for a discussion of electronic emission.) Since emission
falls off as the tube wears out, low emission is indicative of the end of tube service-
ability. However, the emission test is subject to limitations because it tests the tube
under static conditions and does not take into account the actual operation of the tube.
On the one hand, coated filaments, or cathodes, often develop active spots from which
the emission is so great that the relatively small grid area adjacent to chese spots cannot
control the electron stream.  Under these conditions, the total emission may indicate
the tube to be normal although the tube is unsatisfactory. On the other hand, coated
types of filaments are capable of such large emission that the tube will often operate
satisfactorily after the emission has fallen far below the original value.

Fig. 36 shows the fundamental circuit diagram for an emission test. All of the
electrodes of the tube, except the cathode, are connected to the plate.  The filament,
or heater, is operated at rated voltage; a low positive voltage is applied to the plate.
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After the tube has reached constant temperature, the electronic emission is read on the
merer. Readings which are well below the average for a particular tube type indicate
that the total number of available electrons has been so reduced that the tube is no
longer able to function properly.

Fig. 35 Fig. 36

A mutual eonductance test takes into account a fundamental operating prin-
ciple of the tube. (This will be seen from the definition of Mucual Conductance on
page 8.) It follows that mutual conductance tests, when properly made, permit better
correlation between test results and actual performance than does a straight emission test

There are two forms of mutual conductance test which can be utilized in a tube
tester. In the first form (illuscrated by Fig. 37 giving a fundamental circuic with a
terrode under test), appropriate operating voltages are applied to the electrodes of the
tube. A plate current, depending upon the electrode voltages, will then be indicated
by the meter. If the bias on the grid is then shifted by che application of a different
grid voltage, a new plate-current reading is obtained. The difference between the
two plate-current readings is indicative of the mutual conductance of the tube. This
method of mutual conductance testing is commonly called the “‘grid-shift’” method,
and depends on readings under static conditions. The fact thac chis form of test is
made under static conditions imposes limitations not encountered in the second form
of test made under dynamic conditions.

The dynamic mutual-conductance test illustrated in Fig. 38 gives a fundamencal
circuit with a tetrode under test. This method is superior to the static mutual-con-
ductance test in that a-c voltage is applied to the grid. Thus, the tube is tested under

DIRECT- A-C
(1) CuRRENT G MILLIAMMETER
METER (oaAMONETER

kil
NEE

+ - +

Fig. 37 Fig. 38

conditions which approximate actual operating conditions. The alcernating compon-
ent of the plate current is read by means of an a-c ammeter of the dynamometer type.
The mutual conductance of the tube is equal to the a-c plate current divided by the
input signal voltage. If a one-vole RMS signal is applied to the grid, the place-
currer.t-meter reading in milliamperes mulciplied by one thousand is the value of
mutual conductance in micromhos.
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The power output test probably gives the best correlation between test results
and actual operating performance of a tube. In the case of voltage amplifiers, the
power output is indicative of the amplification and output voltages obtainable from
the tube. In the case of power output tubes, the performance of the tube is closely
checked. Consequently, although more complicated to set up, the power output
test will give closer correlation with actual performance than any other single test.

Fig. 39 shows the fundamental circuit of a power output test for Class A operation
of tubes. The diagram illustrates the method for a pentode. The a-c output voleage
developed across the plate-load impedance (L) is indicated by the current meter. The
current meter is isolated as far as the d-c plate current is concerned by the condenser (C).
The power output can be calculated from the current reading and known load resist-
ance. In this way, it is possible to determine che operating condition of the tube
quite accurately.

Fig. 40 shows the fundamental circuit of a power output test for Class B operation
of tubes. With a-c voltage applied to the grid of the tube, the current in the place
circuit is read on a d-c meter. The power output of the tube is approximately equal to:

(D-c current in amperes)2 X Load resistance in ohms

Power Output (watts) =

0.405

A-C
MILLIAMME TER
DYNAMOMETER

TYPE)

Fig. 39 Fig. 40

ESSENTIAL TUBE TESTER REQUIREMENTS

1. It is desirable that the tester provide for a short-circuit test to be made prior to
measurement of the tube’s characteristics.

2. It is important that some means of controlling the voltages applied to the clec-
trodes of the tube be provided. If the tester is a-c operated, a line-voltage control
will permit of supplying proper electrode voltages.

3. It is essential that the rated volrage applied to the filament or heater be main-
tained accurately.

4. It is suggested that the characteristics test follow one of the methods described.
The method selected and the quality of the parts used in the tester will depend upon the
requirements of the user.

TUBE TESTER LIMITATIONS

A tube testing device can only indicate the difference between a given tube’s char-
acteristics and those which are standard for chat particular type. Since the operating
conditions imposed upon a tube of a given type may vary within wide limits, it is
impossible for a tube testing device to evaluate tubes in terms of performance capabili-
ties for all applications. The tube tester, therefore, cannot be looked upon as a final
authority in determining whether ot not a tube is always satisfactory. Actual operac-
ing tests in the equipment in which the tube is to be used will give the best possible
indication of a tube’s worth. Nevertheless, the tube tester is a most helpful device for
indicating the serviceability of a tube.
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Circuit Section

The circuic diagrams given on the following pages have been carefully chosen,
not necessarily to illustrate commercial practice, but rather to show many different
uses of radio tubes. All of the circuits are conservatively designed to give reliable
and satisfactory performance. Although relatively few circuits are given, it is practical
to use a portion of one circuit in combination with portions of other circuits to obrain
one meeting the desired requirements. Information on the characreristics and che
application features of each tube, given under each tube type, will prove of assistance
in understanding and utilizing these circuits.

HIGH-QUALITY CLASS A AUDIO-FREQUENCY AMPLIFIER
OUTPUT 12 WATTS

) TYPE 56 T2 TYPE 56 T3 TYPE 2A3

INPUT

..||

/ TYPE 56
4.0MA. 8.0 MA.

+396 V. | TR
7

Ts

+236 V.

2.0 AMP
FUSE

o
i

TYPE 83

L_— Ry
Fy
+62 V.
_Jl 143MA, 62
p 2

3

SILOMA,

.‘||

‘vlll——v———————-——-—————

C=1.0 Jf.(200V.)
C2=20.0 uf (75V.)
C3=10.0 i £.(75 v.)

C4=10.0 JF. (400 v.) L= FILTER CHOKE;236 OHMS, 12 HENRIES AT 140MA.

Cg= 4.0 £ (300 V.) L= SPEAKER FIELD; 125 VOLTS, 2000 OHMS

R) = 250000 OHMS (VOL. CONTROL) L3= SPEAKER FIELD; 175 VOLTS, 3400 OHMS

R3Z 100000 OHMS T, =INPUT-TO-GRID TRANSFORMER

R3=2200 OHMS To= PLATE-TO-PUSH-PULL-GRID TRANSFORMER

R4=II00 OHMS T3= PUSH-PULL-PLATE-TO-PUSH-PULL-GRID TRANSFORMER
Rg= 0.5 MEGOHM T4= OUTPUT TRANSFORMER; PLATE-TO-PLATE

Rg= 50000 OHMS IMPEDANCE =4000 OHMS

R7=430 OHMS (15 WATT) T4= POWER TRANSFORMER; SHOULD HAVE GOOD

Rg=20 OHMS, CENTER TAPPED VOLTAGE REGULATION CHARACTERISTICS

NOTE SPEAKERS ESPECIALLY DESIGNED FOR HIGH POWER ARE RECOMMENDED CIRCUIT CONSTANTS SHOULD CLOSELY
APPROYIMATE THOSE GIVEN ABOVE FOR SATISFACTORY RESULTS
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TYPICAL CLASS B AUDIO-FREQUENCY AMPLIFIER
OQUTPUT 20 WATTS

TYPE 56

TYPE 59 TYPE 59

SFEAN[R

= 0
i

SPEAKER

|
20 ANP, i 103 70 183 MA.
FUSE t
!
|
SV, }
CYCLE N
]
|
!
i Fy
€201 Jf.
Cp 0.25 Jf. R7= 25000 OHMS
Ca=1.0 U'f, Rg= 3500 OHMS
C4= 8.0 €. (LOW VOLTAGE) Rg 3200 OHMS (10 WATT)
C5= 0.06 AL f. = INPUT TRANSFORMER;PRIMARY TO /» SECONDARY=31
Ce=!6 Uf. (ELECTROLYTIC) PRIMARY INDUCTANCE = [2H. AT 26 MA.
c-,- 8uf. (ELECTROLYTIC) T5=OUTPUT TRANSFORMER; 6000 OHMS PLATE-TO-PLATE
= 250000 OHMS (VOL.CONTROL) T3=POWER TRANSFORMER; SHOULD HAVE GOOD
R2 7000 OHMS VOLTAGE REGULATION CHARACTERISTICS
R3= 100000 OHMS L =15 HENRIES AT 100 MA.;80 OHMS D-C
Ry = 25000 OHMS RESISTANCE ., OR LESS
Rg= 250000 OHMS L=1500 OHM SPEAKER FIELD, [15 VOLTS
Rg=1100 OHMS L3=2500 OHM SPEAKER FIELD, 125 VOLTS

NOTE 1SPEAKERS ESPECIALLY DESIGNED FOR HIGH POWER ARE RECOMMENDED. CIRCUIT CONSTANTS SHOULD CLOSELY
APPROXIMATE THOSE GIVEN ABOVE FOR SATISFACTORY RESULTS.

CLASS B POWER AMPLIFIER CIRCUIT
USING 53 WITH TRIODE UNITS IN PARALLEL AS DRIVER

R|= 7250 OHMS
Rp= 950 OHMS
ﬂ R3 0.5 MEG, MAX,
1000-OHM SPEAKER FIELD
L2— 1:3-OHM SPEAKER VOICE COIL
= INPUT TRANSFORMER
VOLTAGE RATIO PBIM = 5,0
PEAK POWER EFEZ70 %
300V, NO SIG. ON OUTPUT 53 T, = QUTPUT TRANSFORMER
272 Vi, FULL SIG.ON OUTPUT 53 1,51;=85 MILLIAMPERES -RMS
L» =130 MILLIAMPERES RMS
[3=7 MILLIAMPERES D,C,

I, =38 MILLIAMPERES O,C.
I5 =35 TO 50 MILLIAMPERES D.C,

Co0n

T
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TYPICAL TUNED RADIO—FREQUENCY CIRCUIT
2-VOLT FILAMENT TYPES
DETECTOR | ST AUDIO POWER AMPLIFIER
L TYPE 31 &

| ST R~F 2ND. R-F
TYPE 34

TYPE 34
TO
SPEANER

T
o
(2]
..‘|| !
0
.|H| T .
T
i
..‘|| 2]

[ L 4 4
7.5 L—45L
-22.5 [] 675]90 135
Ry
-3T0-22 5V
C = R~F BY-PASS CONDENSER (0.01ug) R
Cy= R-F BY-PASS CONDENSER (0.00025uf) [
L = RADIO-FREQUENCY CHOKE ___!\
R = RHEOSTAT & 157.5VOLTS
a A+ B 8+

R)= VOLUME CONTROL POTENTIOMETER

OPTIONAL DETECTOR AND AMPLIFIER—2-VOLT FILAMENT TYPES

POWER AMPLIFIER

DETECTOR s
TYPE 32 2 TYPE 33
¢ = BY-PASS CONDENSER (10ug) 2 T0
C;= R-F BY-PASS CONDENSER (0.00025u£) SPEAKER
Caz BLOCKING CONDENSER (0.005pp, TO 0.05u5) R
R = COUPLING RESISTOR (100000 OHMS)
Rj= GRID LEAK RESISTOR (0 5 MEGOHM) .
Rp= FILTER RESISTOR (50 000 OHMS) 2
SCREEN A+ A- B+ C- AMP
B+ 8- B+

Cc+

DIAGRAMMATIC SHORTWAVE RECEIVER USING 6.3-VOLT TUBES

DETECTOR TYPE 36

AUDIO AMPLIFIER

Y 18T R-F STAGE

c TYPE 39
(]

&
o '—{q

(o]
[T
-F CHOKE (IO TO 50 MlLLlHENRlES)

R3 R3
e A
— 8- -©6.2vO+ +nz2Yz - +67'5V. © +135V.
=COMPENSATING RESISTOR(0.25 MEGOHM)
RID LEAK RESISTOR (2 TO 5 MEGOHMS)
NOTE:TYPES 56,57 AND 58 MAY BE USED IN THIS CIRCUIT IN PLACE OF THE 37,36 AND 39 RESPECT(VELY. PROVIDED THAT THEY ARE

ANTENNA COUPLING CONDENSER (APPROX.30 Upf)
RID COUPLING RESISTOR(t MEG. MAX.)
OPERATED AT THEIR RECOMMENDED HEATER, SCREEN,PLATE AND GRID BIAS VOLTAGES. THE SUPPRESSOR GRID OF THE 57 AND

ouTPUT

-F BY-PASS CONDENSER(O.OI}ASuﬁ TO 0.1 J4jif.)
RID CONDENSER (0.00025 AU, CREEN DECOUPLING RESISTOR (30000 OHMS)
INIMUM BIAS RESISTOR (275 OHMS)

~F BY-PASS CONDENSER (1.0 B uf)
. EGENERATION CONTROL (50000 OHMS)
ELF-BIASING RESISTOR(2000 OHMS APPROX)

LEEDER RESISTOR({50000 OHMS.2 WATT)
OLUME CONTROL (20000 OHM ')TAPER RESISTOR)

-F BY-PASS CONDENSER(21. 10 41¢)
LATE CHOKE (300H.0R MORE

58 SHOULD BE TIED TO THE CATHODE AT-THE SOCKET.
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TYPICAL SUPERHETERODYNE RECEIVER CIRCUIT FOR A-C OPERATION

R~F AMPLIFIER
TYPE 58

v PENTAGRID CONVERTER
TYPE 2A7

- DIODE DETECTOR
[ AMPLIEIER DELAYED AV.C.
TYPE 55

TYPE 523

Ly PEAKER FIELD, 1000 OHMS

L2 FILTER CHOKE, 600 OHMS, 20 TO 30 HENRIES
= 0.1

C ADDING CONDENSER

CZ GANGED VARIABLE CONDENSERS

%[{

SPEAKER

C3= 0.00025 JLF.

C4= 0.006 Jf.

Cg= 0.01 jIf.

Cg= 0. ooos M.

C7=1.0

Cg= So}lf (500 V. ELECTROLYTIC)

Cg= 8.0 Mf. (25V. ELECTROLYTIC)

Co= 0.25 M f.

Q) = 0.02

=175 K.C: I-F TRANSFORMER

T = PLATE-TO-PUSH-PULL -GRID TRANSFORMER

T3 = OUTPUT TRANSFORMER; PLATE-TO-PLATE
IMPEDANCE 14000 OHMS

T4= POWER TRANSFORMER; 400 R.M.S. VOLTS
EACH SIDE OF CENTER, UNDER LOAD

NOTE : APPROXIMATE POWER OUTPUT OF 2A5 STAGE. 6.0 WATTS. THE CONSTANTS OF THE THREE R-F TRANSFORMERS Ta:Tg AND Tg WiLL
DEPEND UPON THE FREQUENCY RANGE AND GENERAL LAYOUT OF THE S

HIGH—GA'N AUDIO-FREQUENCY AMPLIFIER
TYPE 57

®

® ®
-B HEATER  +I00V. +250V.

€ = A-F BY-PASS CONDENSER (0.5 M)
€= COUPLING CONDENSER (0.01
R = VOLUME CONTROL POTENTIOMETER (250000 OHMS)
R = SELF-BIASING RESISTOR {1000 OHM, § WATT)
Ry= DECOUPLING RESISTOR (250000 OHMS)
Ry= COMPENSATING RESISTOR (250000 OHMS)
"Rq= CENTER-TAPPED RESISTOR (50 OHMS)
= INPUT TRANSFORMER

c
| 1
Y
INPUT
@ 10 28D
A-F STAGE
Ry

RESISTANCE-COUPLED A-F AMPLIFIER

N TYPE 56 ©

INPUT ouTPUT

- HEATER 8+

R= GRID RESISTOR (1.0 MEGOHM, MAX)
= SELF-BIASING RESISTOR (3000 OHMS)
Rp= COUPLING RESISTOR (50000 TO 100000 OHMS)
C = COUPLING CONDENSER (0.1 pfi - 1.0 pif)
Ci= BY-PASS CONDENSER (4 uf.)

L =300 TO 500 HENRY CHOKE — 139 —




Tur RCA Rapiotron—Cunnincaam Rapio Tuse ManuaL

FIVE=TUBE SUPERHETERODYNE RECEIVER CIRCUIT
.FOR A-C AND D—C OPERATION

PRNMTAGRID CONVERTER I-F AMPLIFIER

Y

DETECTOR

POWER AMPLIFIER

TYPE 6A7 TYPE 78 TYPE 77 TYPE 43
all
C2
C C2
2 L
T -
! 5 :
RECT (FIER Id I I It It
TYPE 2525 = 50000 OHMS C = GANGED TUNING CONDENSERS
{VOLUME CONTROL) C| = 0002 1f,
150 OHMS Co= Ol {f.
0000 OHMS C3= 00004 Uf,
430 OHMS €% =100 {f. (ELECTROLYTIC)
7500 OHMS C5 = 0.00025 UF,
500000 OHMS Cg= 001 ME
L 250000 OHMS C7 = 80 [df. (ELECTROLYTIC)
625 OHMS(2 WATT) Cg= 2.0 Uf

20000 OHMS(BLEEDER)
150 OHMS (25 WATT)
77N 647, 456 KC. I-F TRANSFORMER
= OUTPUT TRANSFORMER;PRMARY

2575 43 78

~ X

L = R—F CHOKE, 60 MILLIHENRIES

Ly =100 VOLT D—C SPEAKER FIELD, 2000 OHMS

L2 = FILTER CHOKE ;MAX. RESISTANCE 200 OHMS;
INDUCTANCE AS LARGE AS PRACTICAL

R
SERIES-HEATER CIRCUIT LOAD IMPEDANCE 4500 OHMS
NQTE : THE MOCHANCAL LAYCUT OF THE SET WILL DETERMINE TO A LARGE EXTENT THE MINIMUM SIZE OF FilTER CHONE
MECESSARY TO KEERP HuM AT A SATISFACTORY LIVEL

T
Al
INPUT

CLASS A AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINES

TYPE 48

o
|

TYPE 37 T2 TYPE 37 T3
C

I}; R

[ ——

R5

|
?
1

0.5 AMP. FUSE
O —a/® i e
115 VOLTS Ly

T Cs Ce
i T T
<7
== CHASSIS

C5=2.0 Mf (150 VOLTS)

Ca=4.0 Uf (150 VOLTS)

C7=2.0 Uf (LOW VOLTAGE)

Ly =10 HENRIES, 60 OHMS

La=t0 VOLT D-C SPEAKER FIELD

T, =INPUT-TO~GRID TRANSFORMER

Tp = INTERSTAGE TRANSFORMER

T3 = PLATE -TO-PUSH ~PULL-GRID~TRANSFORMER

T4=0UTPUT TRANSFORMER; PLATE-TO-PLATE
IMPEDANCE 4000 ORMS

=500000 OHMS
500 OHMS (I WATT)
00000 OHMS (TONE CONTROL)
90 OHMS (5 WATT)
25 OHMS (2 WATT)
05 OHMS (25 WATT)
£ (Low VOLTAGE%
0" Uf (LOW VOLTAGE
.03 ~0.05JJ(
2.0 jf (LOW VOLTAGE)

=3
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SIX—TUBE SUPERHETERODYNE AUTOMOBILE RECEIVER CIiRCUIT
WITH AUTOMATIC VOLUME CONTROL

R—F AMPLIFIER PENTAGRID CONVERTER
TYPE 78 TYPE 6A7

I-F AMPLIFIER DIODE—DETECTOR, AV.C.
TYPE 78 TYPE 85

=

[ Fes[CC
19 it

¢
[ [
I _&TO HEATERS : N I

—A—BFC 6.0—VOLT +180 V. —13.5V.
GRouND STORAGE BATTERY POW6EORMSUPPLY C-BIAS
= 25000 OHMS WEAKER

Rg = LO MEGOHM
Rg = 500000 OHMS(VOLUME CONTROL)
Rio = 315 OHMS (2 WATT)

C  =GANGED TUNING CONDENSERS
C =0 Ut
C2 OS(%LLATOR PADDING CONDENSER

T| =PLATE-TO—~PUSH-PULL—GRID TRANSFORMIR
Tp = OUTPUT TRANSFORMER; PRIMARY LOAD
IMPEDANCE 18000 OHMS3

A TUNED RADIO-FREQUENCY RECEIVER CIRCUIT

WITH DELAYED AMC. AND IN

TERCHANNEL NOISE SUPPRESSION
DIODE-DETECTOR  A—F AMPLFER

R—F_ANPLIFIER R—F AMPLIFIER R=F AMPLIFIER s DAV.C.AND NSC,  TYPE 57
TYPE 58 L TYPE 58 TYPE 58 TYPE 55 R4
> >
Cl C_L c
S G < G <y (S R [ =
L L L
CIgRy RI=RxS C1SR3
rd LY E4 re
I <7 1
4 < {
[ Fci [
]
L [ 1
I L

=
_LCG

+432 V.

TYPE

14V, 25V, 3V, _100V. IV 14V T:

267V Re d g POWER
X g R 4

g T T T C T AMPLIFER
L2 L3 J I=100 MA.APPROX, [[]
b 40V 125V, SPEAKER
R|= 250000 OHMS C =GANGED TUNING CONDENSERS =

R2= 300 OHMS =
R3= 20000 OHMS
R4™ L0 MEGOHM
R5= 300000 OHMS(VOL..CONTROL)

R§= 500000 OHMS

R7= 50000 OHMS

Rg= 410 OHMS {2 WATT)

Rg= 10000 —20000 CHMS

L™= R—F CHOKE,, 60 MILLIHENRIES

L | =HIGH-QUALITY R-F CHOKE, 85 MILLIHENRIES

L 2= FILTER CHOKE; 400 OHMS, 30 HENRIES AT 100 MA,
L3= SPEAKER FIELD, 1250 OHMS

e
00005 LU,

0001 1UF
—16 J1f, [LOW VOLTAGE)

0 J4£ (500 VOLT ELECTROLYTIC)
OS5 Mf,

01 J4F
Co= 0.5 U
T'= POWER TRANSFORMER

. T; AND To-SEE NOTE
T3=O0UTPUT TRANSFORMER,PRIMARY IMPEDANCE 7000 OHMS

NOTE ¢ THE CONSTANTS OF THE R-F TRANSFORMERS Tj AND T2 WILL DEPEND UPON THE FREQUENCY RANGE AND GENERAL LAYOUT
OF THE SET. THE BLEEDER RESISTANCE VALUES WILL VARY WIDELY IN INDIVIDUAL SETS; THEY SHOULD BE CHOSEN TO GIVE

THE VOLTAGES INDICATED ACROSS EACH SECTION,
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PLATE SUPPLY® (Volts)

SCREEN SUPPLY (Volts)
GRID BIAS (Volts)
CATHODE RESISTOR  (Ohms)
PLATE RESISTOR  (Megohm)
GRID RESISTOR®  (Megohm)

PLATE CURRENT (Milliamp.)
VOLT.OUTPUT** (Peak Volts)
VOLTAGE AMPLIFICATION

PLATE SUPPLY® (Volts)
SCREEN SUPPLY (Voltg)
GRID BIAS (Volts)
CATHODE, RESISTOR  (Ohas)
PLATE RESISTOR  (Megohm)
GRID RESISTOR®  (Megohm)

PLATE CURRENT (Milliamp.)
VOLT.OUTPUT** (Peak Volts)

LVOLTAGE AMPLIFICATION

-

PLATE SUPPLY® (Volts)
SCREEN SUPPLY (Volts)
GRID BIAS (Volts)
CATHODE RESISTOR  (Ohms)
PLATE RESISTOR  (Megohm)
GRID RESISTOR®  (Megohm)

PLATE CURRENT (Milliamp.)
VOLT.QUTPUT** (Peak Volts)
VOLTAGE AMPLIFICATION

PLATE SUPPLY® (Volts)
SCREEN SUBPLY (Volts)
GRID BIAS (Volts)

CATHODE RESISTOR  (Ohms)
PLATE RESISTOR  (Megohm)
GRID RESISTOR (Megohn)
PLATE CURRENT (Milliamp.)
VOLT.OUTPUT** (Peak Volts)

\VOLTAGE AMPLIFICATION

100 135 180 250
-1.06 ~1.05 -1.10 -1.05 =-1.05 -1.10 -1.06 ~1.10 -1.25 =-1.20 =1.30 ~1.30 ~1.30 ~1.30 -1.35 -1.35
10500 15400 11550 15000 6200 9150 5850 10000 4900 7100 5450 9000  J170 6300 3380 6800
0.25 ©0.50 0.25 0.80 0.25 0.50 0.25 0.50 0.25 0.50 0.35 0.50 0.26 0.50 0.26 0.50
0.26 0.25 0.50 0,50 0.26 0.25 0.50 0.50 0.25 0.26 0,50 0.50 0.25 0.25 0.60 0.50
0.10 0.07 0.09 0.07 0.17 0.12 0.18 0.11 0.25 0.17 0.24 0.14 0.41  0.26 0.40 0.24
11-16 10-14 15-19 14-19 17-23 17-21 20~30 18-37 26~33 24-30 32-40 30-38 33-38 28-35 36-46 35-44
30 29 36 37 42 38 50 48 48 48 56 55 51 48 59 58
100 136 180 250
20 20 20 20 20 20 20 20 25 25 ‘26 25 50 50 50 50
-2.00 ~2.50 =-2.15 -2.60 -1.80 -2.25 -1.95 -2.40 -2.10 -2.60 -2.10 ~2.60 ~4.5 -5.0 -4.5 —5.0
5550 12200 9350 19250 3800 8300 4850 10900 3700 7800 3500 7300 §500 11400 5500 11400
0.25 0.50 0.25 0.50 0.35 0.50 0.26 0.50 0.25 0.50 0.26 0.50 0.25 0,60 0.26 0,50
0.26 0.25 0.50 0.50 0.25 0.26 0.50 0.50 0.25 0.256 0.50 0.50 0.25 0.26 0.60 0.50
0.27 0.15 0,23 0,13 0.35 0.20 030 0.16 0.43  0.26 0.45 0.26 0.65 0.35 0.85 0.35
28-30 25-27 36-38 32~33 38-40 32-35 48-50 42-44 50-53 45-48 65-68 61-88 55-65 55-60 65-70 6b6-75
35 36 47 46 36 38 53 56 50 53 83 70 54 55 66 75
100- 135, 180 250,
-4.75 -3.75 -5.,00 -6.50 -—6.80 -4.765 =7.00 -7.00 ~-7.50 -7.00 ~7.00 ~7.50 -11 -10 -14 -12
16800 25800 21200 46000 21200 24300 22000 42500 16300 28000 14900 31200 17600 28500 25200 38600
0.25 0.50 0,25 0.50 0.25 0.50 0.25 0.50 0,26 0.50 0.25 0.50 0.25 0.50 0.25 0,50
0.25 0.25 0,50 0.50 0.25 0.25 0.50 0.50 0.25 0.25 0.50 0.50 0.26 0.25 0,50 0,50
0.28 0.14 0.23 0.12 0:32 0.1 0.31 0,16 0.48 0.25 0.47 0.24 0.626 0.35 0.55 0.32
24-26 17-22 27-29 26-27 34-36 27-30 38-42 36-40 38-40 36-38 40-44 40-45 55-60 45-55 65-75 66-70
8.1 6.0 6.6 6.2 6.1 6.1 6.5 6.3 6.4 6.4 6.7 6.5 . 6.3 6.7 6.6
100. 135 180 250
20 20 20 20 26 25 25 26 30 30 30 30 52 54 50 52
-1.10 -1.25 -1.05 ~1.25 -1.20 -1.35 -1.25 -1.40 -1.25 -1.50 -1.30 -1.55 -2 -2.2 -2.1 -2.3
3760 6450 3400 7250 3100 5600 3750 6300 2180 4550 3600 4850 3100 5700 3500 6200
0.25 0.50 0.25 0.50 0.25 0.50 0.26 0.50 0.256 0.50 0.25 0.50 0.25 0.50 0.25 0.50
0.25 0.25 0.50 0.50 0.25 0.25 0.50 0.50 0.26 0.265 0.50 0.50 0.26 0.26 0.50 0,50
0.22 0.14 0.23 0.13 0.29 0.18 0.25 0,17 0.43 0.25 0.38 0.24 0.52  0.31 0,48 0.295
15-23 17-22 16-29 18-28 21-32 27-31 29-37 34-38 31-43 36-41 36-52 45-52 60-80 50-55 60-70 60-70
40 39 54 53 54 52 61 62 76 85 93 80 785 100 110

®yYoltage at plate will be PLATE

* For the following amplifier tube.

**peveloped across plate resistor of inter—stage coupling circuit including grid resistor of following tube.

The tabulated values illustrate design practice.

SUPPLY voltage minus voltage drop in plate resistor caused by plate current,

For any particular set of conditions, however, the grid
resistor for the following amplifier tube should conform to the recommendations given on the DATA page of the type involved.

torted output voltage obtainable: value to right is maximum output voltage obtainable with some distortion.

Note: In the above data, the use of a coupling condenser between, the plate resistor and the grid resistor of the follow-

ing tube is assumed.

A 0.1 microfarad condenser is usnally adequate to insure good low—frequency response.

Value to left is maximum undis-
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ADDITIONAL TUBE TYPES
Supplementing those given on pages 30 to 132.

The ’00-A is a three-electrode detector tube of the gas-filled type for use in storage-
battery-operated receivers. As a grid-leak detector, this tube is especially effective on
weak signals. See RADIO TUBE CHART for operating conditions.

The RCA Radiotron types WD-11 and WX-12 and the Cunningham types
C-11 and CX-12, are detector-amplifier tubes of the three-electrode construction for
use in older types of dry-cell-operated receivers. Their electrical characteristics are
identical. The 11, however, fits only the WD socket, while the 12 fits the standard
four-contact socket. See RADIO TUBE CHART for characteristics.

The *40 is a storage-battery tube of the three-electrode high-mu type designed for
use in resistance- or impedance-coupled amplifier or detector circuits. See RADIO
TUBE CHART for characteristics.

The RCA Radiotron UX-874, or the Cunningham CX-374, is a voltage-regulator
tube designed to maintain constant d-c output volrage from rectifier devices for
different values of d-c load current. In such devices, the 874, or 374, maintains an
approximately constant d-c voltage of 90 volts across its terminals for any current
from 10 to 50 milliamperes. This tube consists of two electrodes (a cathode and an
anode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced
glow in operation. This type has an S-17 bulb (see page 151) and a medium 4-pin
base. Socket connecrions with reference to Fig. 1 of RADIO TUBE CHART are as
follows: Pin No. 1—Anode (+); Pin No. 2—Connected within base to Pin No. 4;
Pin No. 3—Cathode (—); Pin No. 4—See Pin No. 2.

The RCA Radiotron UV-876, or the Cunningham C-376, is a current regulator
designed for use in series with the primary of a power transformer to absorb the
voltage variations normal to a-c power lines. The operating current of this tube is
1.7 amperes for a voltage range of 40 to 60 volts drop in the tube.

The RCA Radiotron UV-886, or the Cunningham C-386, is similar to the
UV-876 and C-376. The operating current of this tube is 2.05 amperes for a voltage
range of 40—60 volts drop in the tube.

The RCA-868 is a sensitive phototube of the gascous type. It is particularly well
adapted for use with sound-moving pictures and for experiments with light because
of its excellent response to incandescent lamp sources of light. See RADIO TUBE
CHART for characteristics.

THE NEW TUBE-NUMBERING SYSTEM

Type numbers for new tubes are now being assigned in accordance with the new
systemn adopted in the eatly part of 1933 by the Radio Manufacturers Association. A
new system was required because practically all of the available two and three digic
numbers had been ucilized.

The new system, which provides for future expansion of tube types, ordinarily
requires only three symbols to identify a tube. These symbols are arranged with a
numeral first, then a letrer, and finally, a numeral. An example of the new type
designartion is the 2A5.

New type numbers are formed according to the following simple rules. The
first numeral indicates the filament voltage in steps of one vole. For instance, 1 is
used for volrages below 2.1; 2 is used for voltages between 2.1 and 2.9 inclusive;
3 for voltages between 3.0 and 3.9, inclusive; et cetera. The digit 1, rather than the
digit 2, is used for the 2.0-volt types in order to separate the 2.0- and 2.5-volt tubes.
Thus, the 2.0-vole 1.A6, and the 2.5-volt 2.A5.

The letter is used to distinguish the tube type and is assigned, starting wich A, in
alphabetical sequence. In the case of rectifiers, however, the assignment is made,
starting with Z, in reverse sequence.

The final numeral indicates the number of useful elements brought out to terminals.
Thus, the 2A5 has five such elements; a heater, a cathode, two grids, and a plate.

While these rules assist to some extent in classifying tubes by filament voltage and
function, the significance of the individual symbols will in most cases be inadequate
to identify che specific features of a tube.
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Radio Tube Chart«<—RCA Radiotron-

DIMENSIONS RATING
SOCKET MAXIMUM CATHODE | FILAMENT o8
TYPE NAME BASE CONNEC- OVERALL TYPE HEATER PLATE | SCREEN
n
TIONS LEN;STH TR
DIAMETER VOLTS | AMPERES | VOLTS | VOLTS
PENTAGRID " D-C
RCA-1A6 CONVERTER & SMALL &-PIN FIG. 26 43" x 1%" | peament | 2.0 | 0.06 | 180 |67.5
RCA-2A3 POWER AMPLIFIER | MEDIUM 4-PIN FIG. 1 537 x 24" | Fament | 2.5 | 2.5 250 | ——
RCA-2A5 | POWER AMPLIFIER | mepwm e-piN | FiG 1sa | 413" x 132”7 | HEATER | 2.5 | 1.75 | 250 | 250
RCA-2A6 LDURLEX-DIODE | smatL epIN FIG. 13 431" x 1%" | HeaTer 2.5 | 0.8 250 | —
RCA-2A7 sl SMALL 7-PIN FIG. 20 437" x 19%" | HEeaTeR 2.5 | 0.8 250 | 100
co
RCA-2B7 DU X DIoDE SMALL 7-PIN | FIG. 21 x 15" | Heatern | 2.5 | 0.8 | 250 | 125
- LIFIE|
RCA-GA4 | POWER AMPUFIER | meoiwm seiv | Fa.s | 4337 x 133" | peament | 6.3 | 0.3 | 180 | 180
PENT,; 1
RCA-6A7 COREAS e SMALL7-PIN | FIG.20 | 4127 x 1%" | weater 6.3 | 0.3 |25 | 100
RCA-6B7 DUPLEX-DIODE SMALL 7-PIN FIG. 21 3117 x 1%" | HEATER 6.3 | 0.3 250 | 125
100 | —
RCA-6F7 pEoDEL SMALL 7PIN | FIG.27 | 411" x 15%” | HEATER | 6.3 | 0.3
250 | 100
DETECTOR ” 3 D-C .
UX- 200-A TRIGDE MEDIUM 4-PIN FIG. 1 47 x 142 Fiament | 5:0 | 0.25 45
DETECTORx L " D-C
RCA- Ol-A AMPUIRER MEDIUM 4-PIN FIG. 1 4L x 142 FILAMENT 5.0 | 0.25 | 135 | —
RCA- |0 | POWER AMPLIFIER | mepium 4-piN | FIG. 1 53" x a%" |Fament | 7.5 | 1.25 | 425 | —
wGrids %3 and %5 are screen. Grid %4 is signal-input control-grid.
For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
wD- 11 DETECTOR% WD 4-PIN fe1z |47 x 1% D-C .
WX- 12 AMELIEIER MEDIUM 4-PIN | FIG. 1 altr w1 | Puameny [ 11 f 025 | 13| —
DETECTORX
1 1an D-Cc
UX -HI2-A AMPLIFIER MEDIUM 4-PIN FIG. 1 4L x 113 FILAMENT 5.0 | 0.25 | 180 | —
TWIN bC
RCA- 19 AMPINER SMALL 6-PIN FIG. 25 45" = 19%" | FILAMENT 2.0 | 0.26 | 135 | —
POWER AMPLIFIER 5 D-C
ux -120 TRIOBE SMALL 4-PIN FIG. 1 43" x 1%" | peamest | 3.3 | 0a132) 135 | —
R-F_AMPLIFIER D-C
RCA- 22 TETHCDE MEOIUM 4-PIN | FIG. 4 57 x 137 | rieamenr | 3.3 | 0.132] 135 | 675
RCA- 24-A| F-EAMPLICIER | meowm spin | Flo. s s” x 1337 | weater [ 2.5 [ 175 [ 205 [ 90
RCA- 26 AMPLIFIER MEDIUM 4PIK | FIG. 1 4117 x 1137 | FILAMENT | 1.5 | 1.05 | 180 | —
DETECTOR .
RCA- 27 AMPLIFIER MEDIUM 5-PIN FIG. 8 4117 x 1137 HEATER 2.5 [ L.75 | 2715 | —
RCA- 30 DETECTORK 1 o D-C
- AI_?;IL(;EIEEH SMALL 4-PIN FIG. 1 45 x 1% FILAMENT 2.0 0.06 180 —_—
ER AMPLIFIER D-C
RCA- 31 POWE R A SMALL 4-PIN FIG. 1 43" = 15%" | pieament | 2.0 | 0.13 | 180 | —
Roa- 32 | TS | weoww e | mos | sk x 1120 | e | 20 | 008 | 10 |6
RCA- 33 | POWERAMBLIFER | meowm spin | Fic. 6 4137 x 1327 | eBeinr | 2.0 | 0.26 | 135 | 135
SUPER-CONTROL . " be
RCA- 34 Rp AMPLIFER | MEDIUM 4PN | FIG- A | 53" x 13" | pugment | 2.0 | 0.05 | 180 | 67,5
SUPER-CONTROL Y
RCA- 35 R-F AMPLIFIER | mEDIUM 5-PIN | FIG. 9 sdr” x 113 HEATER 2.5 | 1.75 | 275 90
.TRO!

+For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode,
M Either A. C. or D. C. may be used on filament or heater, except as specifically noted. For use
of D. C. on A-C filament types, decrease stated grid volts by 14 (approx.) of filament voltage.
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UTUAI
USE  |pLaTE ae Veonet| vour- | SO e
SCREEN [PLATE | PLATE AGE

Values te right give | SUP- | GRID SCREEN MILLL |MILLI- | RESIS buc- AMPLI- STATED| OUT- TYPE

operating condétions | pry  [yorTsm] vOLTS TANCE POWER | PUT

and characteristics for AMP. | AMP. | TANCE FICATION

indicated typicat use |VOLTS oHms | MICRO- | e roR[OUTPUT |WATTS
MHOS OHMS
-3.0 Anode-Grid ( ¥ 2) 135 Max. Volts, 2.3 Ma.
CONVERTER 180 min, 67.5 2.4 1.3 | 500000 |Oscillator Grid( # 1) Resistor, 50000 Ohms. | C-1A6
Conversion Conductance, 300 Mi, h
CLASS A AMPLIFIER | 250 | —45 — | — Te0.0 300 5250 2500 3.5
300 —-62 Self-bias 40.0 |Power Qutput is for 2 tubes at 5000 10.0 C-2A3
AMPLIFIER 300 | -s2 Fixed-bias 40.0 | stated load, plate-to-plate 3000 ] 15.0
CLASS A AMPLIFIER | 250 | —16.5 250 6.5 |34.0 | 100000 2200 220 7000 3.0 C-2A5
TRIODE UNIT AS _ | i = 50-
CLASS A AMPLIFIER | 290X 1.35 0.4 Gain per stage = 50-60 C-2A6
Anode Grid ( # 2) 200 Max. Volts, 4.0 Ma,
CONVERTER 250 | — 3.0 100 2.2 3.5 | 360000 | Oscillator Grid( # 1) Resistor, 50000 Ohme. | €-2A7
Conversion Conductance, 520 Micromhos.

PENTODE UNIT AS 100 |~ 3.0 100 1.7 5.8 | 300000 950 285
R-F AMPLIFIER 250 | ~ 3.0 125 2.3 9.0 | 650000 1125 230 | 7 L = | comy

"m",ﬂ{, 250 ~ 4.5 50 | — | o.65 — ||| —

100 | = 6.5 100 1.6 9.0 83250 7200 160 [ 11000 0.31 | C-6A4

CLASS A AMPLIFIER | 4go | —12.0 | 180 | 3.9 |22.0 | 45500 2200 100 | 8000 | 1.20 | amoza

Anode Grid ( # 2) 200 Max. Volts, 4.0 Ma.
CONVERTER 250 | — 3.0 100 2.2 3.5 | 360000 |Oscillator Grid ( # 1) Resistor, 50000 Chms. | C-6A7
Conversion Conductance, 520 Micromhos.

PENTODE UNIT AS | 100 | — 3.0 100 1.7 5.8 | 300000 950 285
RF AMPLIFIER 250 | — 3.0 125 2.3 9.0 | 650000 1125 730 — ¢y

P ey | 250k | — 4.5 50 [ — Jo.6s e I

TRIODE UNIT AS |
AMPLIFIER 100 |- 3.0 3.5 17800 450 8
PENTODE UNIT AS —_ _ e
L 250 3.0 100 1.5 6.5 85(0)0031 ! r;l;l::v 1t39007 ! ¢ -6F7
PENTODE UNIT AS scillator peak volts = 7.0.
MIXER 250 —10.0 100 0.6 2.8 Conversion conductance = 300 micromhos.
GRID LEAK - Grid Return to - . .
TECTOR 45 (2 Filament 1.5 30000 666 20 CX-300-A
9 | — 4.5 2.5 11000 725 8.0 R
CLASS A AMPLIFIER | 435 | _ 9.9 3.0 | 10000 800 | 8.0 C - 0l-A
350 | —31.0 | ___ | . ]36.0 5150 1550 8.0 11000 6.9 A
CLASS A AMPLIFIER | 455 | —39.0 18.0 soco| 1600 | 80 | 10200 | 1.6 | C - 10
v«Applied through plate coupling resistor of 200000 ohms.
x Applied through plate coupling resistor of 250000 ohmas.
90 — 4.5 2.5 15500 425 6.6 C - 11
CLASS A AMPLIFIER | 435 | —10.5 3.0 | 15000 40 | 6.6 cX- 12
9 [ - 4.5 5.0 5400 1575 8.5
CLASS A AMPLIFIER [ 139 [ —13.5 7.7 | amo0{ 1800 | 8ls CX-112-A
135 0 Power output value is for one tube 10000 2.1
CLASS B AMPLIFIER [ 435 | _ 3.0 at stated load, plate-to-plate. 10000 | 1.9 c-19
90 | -—16.5 3.0 8000 415 3.3 9600 | 0.045

CLASS A AMPLIFIER | 435 | 2.5 6.5 6300 s25 | 3.3 6500 | 0.110 | €X-220
SCREEN GRID 135 | ~ 1.5 45 0.6% | 1.7 | 725000 375 270 P
R-F AMPLIFIER 135 |~ 1.5 | 67.5 1.3* | 3.7 | 325000 500 160 -
SCREEN GRID 180 | — 3.0 90 1.7% | 4.0 | 400000 1000 400 I
RF AMPLIFIER 250 | — 3.0 90 1.7* | 4.0_|] 600600 1050 630 C .20

-~ 5.0 20 to Plate current to be adjusted to 0.1 milliampere - &4
BIAS DETECTOR 2758 approx. 45 with no signal.
9 | - 7.0 2.9 8900 935 8.3
CLASS A AMPLIFIER { 189 | —14.5 6.2 7300 | ms0 y 83 [— |— |¢€-26
135 [ — 9.0 4.5 9000 1000 9.0
CLASS A AMPLIFIER | 359 ]| —21.0 5.2 9250 975 9.0 ¢-27
Plats t to be adjusted to 0.2 milli =
BIAS DETECTOR 250 ~30.0 ate curren townth r{osm a;) 0.2 milliampere
50 | — 4.5 2.5 11000 850 9.3
CLASS A AMPLIFIER 135 -~ 9.0 —_— — 3.0 10300 900 9.3 —_— — C - 30
180 | ~13.5 3.1 10300 900 9.3
135 | —22.5 8.0 4100 925 3.8 7000 | 0.185

CLASS A AMPLIFIER | 135 | _3p70 12,3 3600 | 1050 | 38 s700 | 0375 | € - 31
SCREEN GRID 135 | — 3.0 | 67.5 0.4% | 1.7 | 950000 640 610
R-F AMPLIFIER 180 | — 3.0 | 67.5 0.4* | 1.7 |1200000 650 780 ¢ - 32

— 6.0 | 67.5 Plate current to be adjusted to 0.2 milliampere -
BIAS DETECTOR 180y approx. with no signal.

CLASS A AMPLIFIER | 135 | —13.5 135 3.0 |14.5 50000 1450 70 7000 0.7 c -33
SCREEN GRID 135 |- 3.01] 67.5 1.0 2.8 | 600000 600 360 _ c-3
RF AMPLIFIER 180 min. 67.5 1.0 2.8 |1000000 620 620 - 34
SCREEN GRID 180 [[— 3.0 90 2.5* | 6.3 [ 300000 1020 305 ¢
RF AMPLFIER | 250 [\ min. 90 | 2.5* | 6.5 | 200000 | 1050 | 420 -3

® Applied through plate coupling resistor of 250000 ohms or 500-henry choke shunted by 0.25 megohm resistor.
W Applied through plate coupling resistor of 100000 ohms.

*Maximum.
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Radio Tube Chart (Continued )<~-RCA Radiotron-

DIMENSIONS RATING
SOCKET MAXIMUM CATHODE | FILAMENT o
TYPE NAME BASE CONNEC- OVERALL TYPE HEATER PLATE | SCREEN
]
TIONS LE.NXGTH . | wax
DIAMETER voLTs | AMPERES | veLTs | voLTs
RCA- 36 R AL R SMALL 5-PIN FIG. 8 4317 x 155" | HEATER 6.3 0.3 250 | 90
ETECTOR
RCA- 37 Dmpuneﬁ* SMALL 5-PIN FIG. 8 41" x 18" HEATER 6.3 0.3 250 | —
TRIODE
RCA- 38 "°W§EN‘T"35'E'F'E“ SMALL 6-PIN FIG.SA | 413" x 15" | HEATER 6.3 0.3 250 | 250
SUPER-CONTROL
RCA-39-44 R-FPENMTP&II)?ER SMALL 5-PIN FIG. 8A 41" x 1%” HEATER 6.3} 0.3 258 90
VOLTAGE »
UX -240 AMPLIFIER MEDIUM 4-PIN [  FIG. 1 417 x 11" plEnr | 5.0 o025 | 180 | —
RCA- 41 POWER AMPLIFIER | sMaLL 6-PIN FIG. 154 | 4}” x 17%”| HEATER 6.3| 0.4 250 | 250
RCA- 42 POWER AMPLIFIER | mepim epin | FIG.15A | a11” x 1437 HEATER 6.3| 0.7 250 | 250
RCA- 43 POWER AMPLIFIER | meDIUM e-PIN | FIG.18A | 413” x 133" HEATER | 25.0| 0.3 135 | 135
RCA- 45 | POWERAMPLIFIER | weoumapiv| FG. 1 | 43" x 112"| PLAMENT | 250 L5 | 2715 | —
23580 | —
RCA- 46 POVERLCRID £r | MEDIUM SPIN | FIG.7 558" x 2%" | rFiament | 2.5| 1.73 20
RCA- 47 POWEENAT%ELE'”E“ MEDIUM 5-PIN FIG. § 587 x 25" | FILAMENT 2.5] 1.75 | 250 | 250
RCA- 48 | POWERAMPLIFIER [ menumepin| FIG.15 | 53 x 285" | pepren | 30.0] 0.4 | 125 | 100
*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
135 | —
DUAL-GRID D¢
RCA- 49 POWER AMPLIFIER | MEDIUM 5-PIN | FIG. 7 417 x 13" pament | 2.0 0.120 50 | —
UX -950 | POWERAMPLIFIER | mepum 4-piN | FiG.T | 617 x 211" ] Fuament | 7.5[ 1.25 | 450 | —
RCA- 53 TWINTRIODE I mEDIUM 7-PINe|  FIG. 20 41" x 132" | Heater 2,50 2.0 300 | —
RCA- 55 DUPLEX-DIODE | SMALL&-PIN | FIG.13 | 4117 x 127 | Heater | 2.5 1.0 | 250 | —
SUPER-TRIODE » v
RCA- 56 1)‘:“42'6%?1 SMALL 5-PIN FIG. 8 4l x1g HEATER 2.5 1.0 250 | —
TRIPLE-GRID . ,
RCA- 57 AMPLIFIER SMALL 6-PIN FIG. 11 4" x 1% HEATER 2.5 1.0 250 | 100
TRiPLE-GRID
RCA- 58 SUPER-CONTROL | SMALL &-PIN |  FIG. 11 438" x 15" | HEATER 2.5 1.0 250 [ 100
250 | —
RCA- 53 | pounri&GRD o | meowm zpinel  FIG.18 | 537 x 25" | Heatem | 25| 2.0 | 250 | 250
400 | —
RCA- 71-A| POWERAMPLIFIER | wepum apin|  FiG. 1 4137 x 133" | rFwament | 5.0] o0.25 | 180 [ —
RCA- 75 LOUPLEX-DIODE. | smaLL spIN FiG. 13 411" x 15" | HEATER 6.3 0.3 250 | —
TRIPLE-GRID
RCA- 77 AMPLIFIER SMALL 6-PIN FIG. 11 4377 x 15" HEATER 6.3] 0.3 250 | 100
TRIPLE-GRID . o
RCA- 78 SUPER-GONTROL | SWALL BPIN | FIG.11 | 43}” x 1% HEATER 6.3] 0.3 | 250 | 128

*For Grid-leak Detection—plate volts 45, grid return to - filament or to cathode.

mEither A. C. or D. C. may be used on filament or heater, except as specifically noted. For use
of D. C. on A-C filament types, decrease stated grid volts by 14 (approx.) of filament voltage.

# Requires different socket from small 7-pin.

— 146 —

s



Cunningham—Radio Tube Chart (Continued)

USE PLATE A Mg;:“ VOLT- ngoA: POWER
. . SCREEN|PLATE| PLATE AGE
Valwes to right give| SUP- | GRID [SCREEN RES DUC- STATED| OUT-
operating cenditisns MILLE- {MILLI- 18- AMPLI- TYPE
d ch istics for | PLY | VOLTS m| VOLTS TANCE POWER | PUT
and characteristics for AMP. | AMP. | TANCE FICATION
indicated typicai uss | VOLTS OHMS MICRO- FACTOR OUTPUT | WATTS
MHOS OHMS
SCREEN GRID 100 - 1.5 55 —_— 1.8 550000 850 470
180 - 3.0 90 — 3.1 500000 1050 525 —_ B —
RFAMPLIFIER | 555 | _ 3.9 90 1.7% | 3.2 | 350000 | 1080 | 595 € -36
1008 | — 5.0 55 Plate current to be adjusted to 0.1 milliampere
BIAS DETECTOR 250 { — 8.0 90 with no signal.
90 - 6.0 2.5 11500 800 9.2
CLASS A AMPLIFIER | 180 —13.5 _— —_— 4.3 10200 900 9.2 _— _
250 —18.0 7.5 8400 1100 9.2 C - 37
90 —10.0 Plate current to be adjusted to 0.2 milliampere
BIAS DETECTOR | 250 | —28.0 with no signal,
100 - 9.0 100 1.2 7.0 140000 875 120 15600 0.27
CLASS A AMPLIFIER [ 180 —18.0 180 2.4 14.0 110000 1056 120 11600 1.00 ¢ -38
250 —25.0 250 3.8 22.0 100000 1200 120 10000 2.50
SCREEN GRID 90 3.0 90 1.6 5.6 375000 960 360
180 {— 3- } 9 | 1.4 |58 |7s0000 [ 1000 | 750 {—— | — | ¢ -39-44
RF AMPLIFIER | 350 | min 90 | 1.4 158 l1000000 | 1050 | 1050
135x] — 1.5 | 0.2 | 150000 200 30 b ]
CLASS A AMPLIFIER | 130, | — 3.0 0.2 | 150000 200 30 CX-340
100 - 7.0 100 1.6 9.0 103500 1450 150 12000 0.33
CLASS A AMPLIFIER | 180 —13.5 180 3.0 18.5 81000 1850 150 9000 1.50 C - 41
250 —18.0 250 5.5 32.0 68000 2200 150 7600 3.4C
CLASS A AMPLIFIER | 250 —16.5 250 6.5 34.0 100000 2200 220 7000 3.00 C =42
100 —15.0 100 4.0 20.0 45000 2000 90 4500 0.0
CLASS A AMPUIFIER | 135 | _20.0 | 135 | 7.0 |3a.0 | 35000 | 2300 80 000 | 2000 | €43
180 —31.5 180 31.0 1650 2125 3.5 2700 0.82
CLASS A AMPLIFIER | 250 —=50.0 250 — 34,0 1610 2175 3.5 3900 1.60. Ce«45
275 —56.0 275 36.0 1700 2050 3.5 4600 2.00 .
CLASS A AMPLIFIERO | 250 —33.0 — — 22.0 2380 2350 5.6 6400 1.25
300 0 Power output values are faor 2 tubes 5200 16.0 C -46
CLASSBAMPLIFIER 4 | 40 0 at indicated plate-to-plate load. 5800 | 20,0
CLASS A AMPLIFIER | 250 | —16.5 250 6.0 [31.0 60000 2500 150 7000 2.7 C-47
95 —20.0 g5 9.0 47.0 10000 2800 28 2000 1.6
CLASS A AMPLIFIER | 195 | _2205 | 100 | 8.0 |s0.0 | 10000 | 2800 28 2000 | 2.5 | C =48
® Applied through plate coupling resistor of 250000 ohms or 500-henry choke shunted by 0.25 megohn resistor.
X Applied through plate coupling resistor of 250000 ohms. ¢ Two grids tied togethet. *Maximum,
CLASS A AMPLIFIERD| 135 { —20.0 | — | — 5.7 | 4000 | 1125 4.5 11000 | 0.17 '
Power output values are for 2 tubes c -4
CLASSB AMPLIFIER 4 | 180 0 at indicated plate-to-plate load. 12000 3.5
300 —54.0 35.0 2000 1900 3.8 4600 .6
CLASS A AMPLIFIER | 400 | —70.0 | — | —  ss.0 1800 | 2100 | 3.8 3676 | 3.4 €X-350
450 —84.0 55.0 1800 2100 3.8 4350 4.6
250 0 Power output value is for one tube 800) 8.0 -
CLASS B AMELIFIER | 304 0 at stated load, plate-to-plate. 1000|100 | € - 53
TRIODE UNIT AS 135 —10.5 3.7 11000 750 8.3 25000 0.075
180 —13.5 _— —_— 6.0 8500 975 8.3 20070 0.160 € -5
CLASS A AMPLIFIER | 559 | _30.0 8.0 7500 | 1100 [ 8.3  [20000 |o0.350
CLASS A AMPLIFIER | 250 | —13.5 | —— T —— 5.0 9500 1450 113.8
Plate current to be adjusted to 0.2 miliampere C -56
BIAS DETECTOR 250 —20.0 —_— _ with no signal.
SCREEN GRID exceeds xceeds _
SCREENCRID. 250 | — 3.0 100 0.5 2.0 | SFoes | 12 I‘mo | I ¢ .57
Cathode current Plate coupling resistor 250000 ohms. =
BIAS DETECTOR 250 - 3.9 100 0.97 ma. Grid coupling resistor 250000 ohms**.
SCREENCRID [ 230 { _mﬁ,,jo} 100 | 2.0 |8.2 [800000 | te00 [1280 | — 11—l ¢.e
PN R yNg | 250 | —10.0 | 100 | — |— Oscillator peak volts = 7.0,
S, TRIODE e | 250 | —28.0 | — | — 2600 2400 | 2600 | 6.0 so0 | 1.25
LT ER | 250 | —18.0 | 250 | 9.0 [35.0 | 40o00 | 2500 | 100 6000 | 3.00 | € - 59
AS TRIODE W 300 0 Power output values are for 2 tubes 4600 15.0
CLASS B AMPLIFIER | 400 0 at indicated plate-to-plate load. 6000 20.0
90 —19.0 10.0 2170 1400 3.0 [ 3000 0.125
CLASS A AMPLIFIER | 180 | —43.0 20.0 1750 | 1700 | 30 | amo | olyeg} € - 7I-A
cfﬁgg‘fﬁ%ﬁg}ﬁk 250} —1.35 | — | — 0.4 - ] — Gain per stage = 50-60 ¢ -7
SCREEN GRID 00 | — 1.5 0.4 1.7 | 650000 1100 715 I __ I
R-F AMPLIFIER 250 — 3.0 100 0.6 2.3 11500000 1250 1500 ¢ 7
Cathode current » | Plate coupling resistor 250000 ohms. -
BIAS DETECTOR 250 — 1.95 0 0.65 ma. Grid coupling resistor 2501000 ochms**,
90 90 1.5 5.4 315000 1275 400
SCREEN CRID 180 ~ 3.0 75 1.0 4.0 |1000000 1100 1100 - c-78
R-F AMPLIFIER 250 min. 100 2.0 7.0 800000 1450 1160
250 125 3.0 10.3 600000 1650 990

®*Grid #1 is control grid. Grid %2 isscreen. Grid ¥ 3 tied to cathode. #Two Zrids tied together.
TGrid #1 is control grid. Grids #2 and %3 tied to plate. x Applied through plate coupling resistor of 250000 ochms.
@Grids #1 and ¥ 2 connected together. Grid #3 tied to plate.  **For grid of followng tube.
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Radio Tube Chart (Continued)<-RCA Radiotron-

DIMENSIONS RATING
SOCKET MAXIMUM CATHODE | FILMENT 08
TYPE NAME BASE CONNEC- OVERALL TYPE HEATER PLATE | SCREEN
TIONS LENGTH - T
X s .
DIAMETER VOLTS | AMPERES voLTs VOLTS
RCA- 79 TN T anE SMALL &-PIN FIG. 19 4127 x 1%7|  HeaTeR 6.3 0.6 250 | —
RCA- 85 DUPLEX-DIGDE SMALL BPIN | FIG.13 | 433" x 15%"| HEATER 6.3 0.3 | 250 | —
TRIPLE-GRID
RCA- 89 POWER AMPLIFIER |  SMALL &-PIN FIG. 14 437" x 15%"|  HEaTER 6.3 0.4 250 | 250
uv -199 DETECTORX smaLanue | FiG.t0 | 337 x 14" D¢
UX -199 A EoE SMALL 4-PIN FIG. 1 4%” - lgﬂ eiament | 3.3 o.063) 0| —
RCA-864 AMPLIFIER svat a-pin | FG1 | 47 x| enlar | 1] oo2s | 1as | —

*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode.
mEither A, C. or D. C. may be used on filament or heater, except as specifically noted. For use
of D. C. on A-C filament types, decrease stated grid volts by 14 (approx.} of filament voltage.

RECTIFIERS

RCA-513 FULLWAVE MEDIUM 4-PIN | FI&.2 | 537 x 2:%"| Fuwament| 5.0 3.0 | — | —
RCA-1223 HALE WS SMALL 4-PIN fG.22 | 4}" x 175" | weater | 12.6] 0.3 — | —
RCA-2525 R I IER- SMALL 6-PIN FIG. § 43" =z 15" | weater | 25.0] 0.3 | — | —
RCA-1-v° gt SMALL 4-PIN FIG. 22 42" x 1%" | Heatem 6.3 0.3 —_—
RCA- 80 FulLowave MEDIUM 4-PIN |  FIG. 2 HE" x 138" | Fament | 5.0| 2.0 — | —
UX -281 el MEDIUM 4-PIN |  FIG. 3 65" x 275" | FAment | 7.5 1.25 [ — } —
RCA- 82 REGHER> | meowmarn | mez | add” x 1387 | mament | 25| 3.0 | — | —
RCA- 83 Ragaive> | wepwm 4pin | FiG. 2 58 x 245" | Fament | s.0f 3.0 — | —
R..E.A;sff PULLWAE SMALL 5-PIN FIG. 23 41" x 15" | weaten 6.3| 0.5 | —
RCA-866 TR | meowmaein | PSS 1637 x 276" | muament [ 2.5 s | | —

» Mercury Vapor Type. ° Interchangeable with type 1.

E Plate connection made to top cap of tube.

PHOTOTUBES
. Note: Pins No.1and No.3—No Con-
RCA-868 PHOTOTUBE SMALL 4-PIN s“r&&ol_ 4" x 1% nections, Pin No. 2—Anode (+),
Pin No. 4—Cathode (—).

INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE

CATHODE M VOLTAGE AMPLIFIERS v

ATHoD POWER AMPLIFIERS Inolading Duplox-Divde Types CONVERTERS IN SUPERHETERODYNES
1.1 ————— 11, 12, 864 J—
1.5 — 26 it
2.0 19, 31, 33,49 30, 32, 34 1A6

2A3, 2A%, 45, 46, 2A6, 287, 24-A, 27, 35, 55, 56,

2.5 47, 53, 59 57, 58 247
3.3 ’20 22, '99 R
5.0 112-A, 71-A 01-A, '40, 112-A —
6.3 6A4, 38, 41, 42, 75, 89 6B7, 6F7, 36, 37, 39-44, 75, 77, 73, 85 6A7, 6F7
75 10, 50 [—————a Ju—
12.6 — — —
25.0 &) — —
30.0 48 . [ — —
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Cunningham-—~Radio Tube Chart (Continued)

MUTUAL LOAD
A-C VOLT-
USE  |PLATE SCREEN|PLATE | PLATE | CON- | ‘age | FOR |POWER
Values to right give | .§UP- GRID |SCREEN Duc- STATED| OUT-
operaing soncitons | pLy | voLTsm| voLTs | MLEl” (MILLI- | BESIS: ) poyce | AMPLE Foowen | put | TYPE
and characteristics for - AMP. | AMP. | TANCE C FICATION
indicated typicaf use |VOLTS OHMS MICRO- FACTOR OUTPUT | WATTS
MHOS OHMS
180 Q . Power output value is for one tube 7000 5.5
CLASS B AMPLIFIER | 559 0 at stated load, plate-to-plate. 000 | 8o | ©-79 |
TRIODE UNIT AS 135 —10.5 3.7 11000 750 8.3 25000 0¢.075
180 —13.5 e —_— 6.0 8500 975 8.3 20000 0.160 cC -85
CLASS A AMPLIFIER | 250 | —20.0 8.0 7500 | 1100 | 8.3 | 20000 | 0.350
AS TRIODE © 160 —20.0 17.0 3300 1425 4.7 7000 0.300
180 —22.5 —_— —_— 20.0 3000 1550 4.7 6500 0.400
CLASS A AMPLIFIER | 550 | —31.0 2.0 2600 | 1800 | 4.7 5500 | ©0.900
- 100 —10.0 100 1.6 9.5 104000 1200 125 10700 0.33 ¢ -89
CLASPENTODE Soe | 180 | —18.0 180 3.0 [20.0 | 80000 1550 125 8000 1.50
250 —25.0 250 5.5 32. 70000 1800 125 6750 3.40
AS TRIODE @ 0 0 Power output values are for 2 tubes 13600 2.50
CLASS B AMPLIFIER | 18 — | T operating at indick%d plate-to-plate load. 9400 3.50
CLASS A AMPLIFIER 90 — 4.5 S e 5 15500 425 6.6 I— - gx:ggg
9 | — 4.5 | 2.9 13500 610 8.2 _
CLASS & AMPLIFIER | 135 | — 9.0 3.5 | 12700 645 | 8.2 ¢ 864
**Grid %1 is control grid.  Grid ¥ 2 is screen.  Grid %3 tied to cathode
% Grid #1 is control grid.  Grids %2 and ¥ 3 tied to plate.
wGrids %1 and %2 connected together. Grid %3 tied to plate.
RECTIFIERS
Maximum A-C Voltage per Plate_____.____.____ 500 Volts, RMS ¢ -523
Maximum D-C Output Current 250 Milli es
Maximum A-C Voltage per Plate........... .. ........250 Volts, RMS c-1223
Maximum D-C Output Current ., . 60 Milliamperes
Maximum A-C Voltage per Plate. 125 Volts, RMS C-2525
Maximum D-C Output Current 100 Milli €3
Mazximum A-C Voltage per Plate. 350 Volts, RMS C-Ive®
Maximum D-C Output Current. . 50 Milliamperes
A-C Voltage per Plate (Volts RMS). 350 400 530 The 550 volt rating applies to filter circuits having an C - 80
D-C Output Current (Maximum MA.) 125 110 135 input choke of at least 20 henries.
Maximum A-C Plate Voltage ... 700 Volts, RMS CX-381
Maxi D-C Output Current 85 Milli; es
Maxi. A-C Voltage per Plate._...500 Volts, RMS Maximum Peak Inverse Voltage......1400 Volts c -8
Maxi; D-C Qutput Current. 125 Milliamperes Maxi: Peak Plate Current........ 400 Milllamperes
Maximum A-C Voltage per Plate._._500 Volts, RMS Maximum Peak Inverse Voltage....1400 Volts c -83
Maximum D-C Qutput Current........250 Milliampere: Maxi Peak Plate Current.... . 800 Milliamperes
Maximum A-C Voltage per Plate ________....._._._225 Volts, RMS cC -8
Maximum D-C Qutput Current 50 Milli es also 6Z4
Maximum Peak Inverse Voltage 7500 Volts € -866
Maximum Peak Plate Current..._.. 0.6 Ampere . (CX-366)
PHOTOTUBES
Max. Anode Supply Voltage, 90 Volts. Max. Anode Current, 20 Microamperes.
Static Sensitivity, 55 Microamperes per Lumen. C -868
Dynamic Sensitivity, 50 and 48 Microamperes per Lumen at 1000 and 5000 Cycles per sccond, respectively.
INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE
DETECTORS MIXER TUBES IN SUPERHETERODYNES RECTIFIERS cm{:‘:‘
11, 12, 864 — — 1.t
— 15
30, 32 1A6, 34 — 2.0
2A6, 2B7, 24-A, 27,
" Y ’ 82,866 (C-366 .
55, 36, 57 247, 35, 58 ( ) 25
99 _ —_— 3.3
00-A, 01-A, 40, 112-A — 523, 80, 83 5.0
6B7, 6F7, 36, 37, 75, 77, 85 . 6A7, 6F7, 39-44, 78 1-v, 84 6.3
R ’81 75
p— 1223 12.6
2525 25.0
— 30.0
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Tube Symbols and Bottom Views of Socket Connections

DIODE PLATE

© = GRID-METAL TOP CAP

FiG.4

PLATE  SCREEN,
RGee A

&

PLATEG |
{TRIODE=2’

Ne24-METAL TOP CAP
Fl1G.26

TRIODE PLATE

<PENTODE CRID-METAL TOP CAP

F1G.20 Fi1G.27

-METAL TOP CAP
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Outline Dimensions of RCA Radiotron
and Cunningham Radio Tube Types

This chare of tube dimensions is to be used in conjunction with the text

reference number for each tube is given under its CrarRACTERISTICS.

The prefix letters of the bulb designation indicate the bulb shape; as 8 for “straight side,” T for “tubu-
lar,” 8T for a combination of tubular and straight side, or “dome type.” The suffix numbers of the bulb

designations indicate the nominal maximum diameter of the bulbineighths of inches, i.e., the diameter of
the S-12 is 12 eighths, or 124",
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Amplification Factor.................... 7
Amplifier:

audiofrequency........ ..o 12

9,12

radio-frequency. .
resistance- couplcd a-f conditions.
parallel
push-pull. .. ..
super-control.
voltage (Class A)
Anode

Audio-Frequency Component....
Automatic Noise Suppression. .
Automatic Volume Control. ...

Calculation:
of amplification factor................ 7
“ filament resistor power, dissipation... 23
« filament (or heater) resistor value.. 23 24
“ harmonic distortion, 2nd. ... ... ..., 13
“ heater-cathode resistor. . 24
“ mutual conductance. . 8
“ plate resistance, ...... 7
“ power output (Class A). 12
“ self-bias resistor........ 25
“ voltage amplification (gain). ... 10

Carrier Wave. ... oo 17

Cathode:
[eIsT: NS0T S 1
CONNECTIOR. o\ vit e, L. 24
CUFTENT. . tv v e ins .25
directly heated.......... .. o1
indirectly heated 1
resistor. . 25

Characteristics:
awmplification factor
chart. ... oo .
conversion transconductance
dynamic.......oviiiiii
grid-plate transconductance. ...
mutual conductance...........
plate resistance
static.

Circuit I)lagmml
emission test, ...
full-wave rectifier. ... ... ........
mutual conductance test (dynan
mutual conductance test (static)..
power amplifier (Class A)
power amplifier {Class B)
power output test
resistance-coupled a-f amplifier. . ... 99, 139
short-circuit test. .. 133

short-wave receiver.

aupcrhctcrody ne receiver, .. ...91, 139, 140
tuned r-f receiver Lo 138, 141
voltage doubler rectifier...... ... ... .. 16

Condenser-Input Filter 15

DA V. Co
Delayed Automatic Volume Control.......
Demodulation. .. vuiiviiini i
Detection:

diode.........o.. . . 17

grid-bias .

grid leak and condenser............... 18
Diode:

biasing....... ... ... . . i, 18

considerations .

detection. ...

load resistor. .
Driver Tube. ... ... ... ....oiiiuaa.. 14
Duplex-1Jiode:

pentode.

triode

Flectron:
considerations. . .......... ... ... .. ... 1
secondary
Fmission:
secondary
B

Feed-Back...... ... ..., 21

Filament: (see Heater and Cathode)
operatlon
resistor, power dissipationof.......... 23
resistor, value of
series operation. e
supply voltage.......... ..

Filter:
choke-input............. ... ... ...
condenser-input,
radio-frequency.
rectifier circuits

Formulas (sce Calculation)

Frequency Conversion................... 21
Gain 10
21
4
. N 18
CITCUIT, ottt et a e 4
considerations 4
condenser. ... .. 18
current. ..., 14
input impedance 11
leak and condenser detection.......... 18
resistor. . .o i 11
voltage suppl 25
Grid-Plate Capacit 5
Grid-Plate Transconductance 8
Harmonic Distortion:
cancellation of 2nd. ... .. ... ... ..... 12, 14
determination of . ......... . ... ... 13
Heater:
cathode. ... oo
cathode blas. ... ... ... . 0 L.,

cathode connection.
parallel operation. .
resistor power dissipation. . .
resistor value determination
series operation......... ... L. L.
shunt resistor.
supply voltagc .......................

Interelectrode Capacity....... .. ... ... .. 5
Tonization........ ... ... . ... ... o4
Intermediate Frequency, production of. 21
Input Circuit. ... ..o oo L 4
Input Filter-Condenser. . 15
Input Filter-Choke. .. .. ... ... ... ... .. 15
Load:

impedance, ... ... ... L 10

ne. ... i 13
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Modulation o
Modulation Distortion. .. . ... . . o1
Mutual Conductance:
definitionof......... ... . ... . . ..
dynamic test for. ... .. ...
grid-shift test for

Noise Suppression Control-Tube. ... ... ... 19
LS G 19
Oscillator. ... ... .. ... ... ...... ... 21
Qutput:
clrewit. ... .. 4
coupling. . ... ... .. .. 27
plateload. ... ... ... ... ... ... ..., 10, 13
POWEr. ... ... ..12, 134
Parallel Operation of Tubes. .. ... ... .. . .. 12
Peak Inverse Voltage. .. .. ... ... .. . .. ... 8
Peak Plate Current. . ... ... ... . ... 8
Pentagrid Converter. .. ........... ... 6
Pentode Considerations. .. ...... ... ... ... 5
Plate:
current. . ... 3
Toad.... ... ... 10, 13
PESISTANCE. L ..ttt 7
voltage supply.................... ... 24
Power Qutput:
Class Atestfor.. . .......... ... ... ... 135
Class Btestfor................... ... 135
calculationof ... ... .. .. 12
Push-Pull Operation of Tubes 12
QTube. ... ... . 19
Radio- Frcqucnrv
amplifier. . FE 9,11
filter. . oo 26
Rectifier:
full-wave. .. ... 3,16
half-wave. .......................... 3
voltage-doubler. . ......... ... .. .. ... 16
Resistance Coupling. ... ... ... ... A B |
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cathode. .. ... ... ... ..
filament. . ... . ... ... ...
filter.
rid. ...
plate load. . L
SCTEET. oot e et 26
self-biasing. . .......... ... ... ..... 24, 25
Saturation Current...................... 3
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considerations. ........... .. .........
voltage supply...........
Self-Rias...................
Short-Circuit Test. .. ............... .. .. 3
Shielding. . ... ..o
Socket Connections Chart
Space Charge........... ... ... .. o3
Sanelch Tube. . .. ... . ... ... .., 19
Super-Control Tube. .................. .. 11
SUPDTESSOT . o ot vt et e e s 5
Symbols, Tube. . .................. ... 150
Testing Radio Tubes. .......... ... ... ... 133
Tetrode Considerations. .. ............... s
Transconductance:
grid-plate. . ... 8
CONVErsiON. o ..ot 8
Triode Considerations. .................. 4
Tube:
index by use and
by cathode voltage. . .......... 148, 149
numbering system. . . ... ... ...
symbols. ... 150
testing. . ... e 133

Voltage:

amplification........ .. ...

doubler rectifier..........

line, compensation of. .. ...
peak inverse..............

Volume Control:

AULOMATIC. c ittt i et et e

by grid voltage variation. .
by screen voltage variation
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READING LIST

The following list of radio references gives texts of both elementary
and advanced character. Obviously, the list is not inclusive, but it will
guide the reader to other references.

Cuarreg, E. L. Theory of Thermionic Vacuum Tubes. McGraw—Hill
Book Co., Inc.

Duncan ano Drew. Radio Telegraphy and Telephony. John Wiley and
Sons, Inc.

Henwney, Keita.  Principles of Radio. McGraw-Hill Book Co., Inc.

Henney, Kertv.  Radio Engineering Handbook, McGraw—Hill Book
Co., Inc.

Lauer anp Brown. Radio Engineering Principles. McGraw -Hill Book
Co., Inc.

MclLwain anp Bramerd. _High-Frequency Alternating Currents. John
Wiley and Sons, Inc.

Morecrorrt, J. H.  Elements of Radio Communication. John Wiley and
Son, Inc.

Morecrorr, J. H.  Principles of Radio Communication. John Wiley and
Son, Inc.

Movyer anp WostreL. Radio Handbook. McGraw-Hill Book Co., Inc.

Mover anp WostreL. Radio Receiving Tubes. McGraw—Hill Book Co.,
Inc.

Peters, Leo J. Thermionic Vacuum Tube Circuits. McGraw—Hill Book
Co., Inc.

Proceedings of The Institute of Radio Engineers (a monthly publication).

Terman, Freperick E.  Radio Engineering. McGraw-Hill Book Co.,
Inc.

The Radio Amateur's Handbook. American Radio Relay League.

Van Der Biyr, H. J. Thermionic Vacuum Tubes. McGraw—Hill Book
Co., Inc.

ZwOorYKIN AND WiLsoN. Photocells and Their Application. John Wiley
and Son, Inc.
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To the Radio Amateur

The RCA Radiotron Co., Inc.
offers an extensive line of trans-
mitting tubes for amateur and

experimental use

Technical information on these

types may be obtained from

8], AMATEUR RADIO DIVISION
RCA RADIOTRON COMPANY, INC.
CAMDEN, NEW JERSEY

Radio amateurs are invited to

communicate with this division

which is devoted solely to
their interests
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