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FOREWORD

The RCA RECEIVING TUBE MANUAL, 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 after careful consideration of
their usefulness in the field of radio-tube applica-
tions. 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 for the individual All-Metal types and
glass-bulb types is arranged in numerical-alpha-
betical sequence, starting on page 40. Information
for octal-base glass-bulb types is given on page 188
and, for recently added All-Metal and Glass types,
on page 192.

This Manual will be found valuable by radio ser-
vice men, radio technicians, experimenters, radio
amateurs, and all others technically interested in
radio tubes.

RCA MANUFACTURING COMPANY, INC.

Commercial Engineering Section
Harrison, New Jersey
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STRUCTURE OF AN ALL-METAL RADIO TUBE
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Electrons and Electrodes

The radio tube is a marvelous device. It makes possible the pertorming of
operations, amazing in conception, with a precision and a certainty that are
astounding. It is an exceedingly sensitive and accurate instrument—the product of
coordinated efforts of engineers and craftsmen. Its construction requires materials
from every corner of the earth. Its use is world-wide. Its future possibilities, even
in the light of present-day accomplishments, are but dimly foreseen, for each
development opens new fields of design and application.

ELECTRONS

A radio tube consists of a cathode, which supplies electrons, and one or more
additional electrodes, which control and collect these electrons, mounted in an
evacuated envelope. The envelope may be a glass bulb, or it may be the more
compact and efficient metal shell.

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 those attainable 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 revolve
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, and that 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
example, if the temperature of a metal is gradually raised, the electrons in the metal
gain velocity. When the metal becomes hot enough to glow, some electrons may
acquire sufficient speed to break away from the surface of the metal 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 u
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 indirectly heated cathode, or heater-cathode, consists of a filament, or
heater, enclosed in a metal sleeve. The sleeve carries the electron-emitting material
on its outside surface and is heated by radiation and conduction from the heater.

5
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tungsten,
thoriated-tungsten, and metals which have been coated with alkaline-earth oxides.
Tungsten filaments are made from the pure metal. Since they must operate at 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 thorium, these
filaments liberate electrons at a more moderate temperature (a bright yellow) and
are, therefore, much more economical of filament power than are pure tungsten
filaments. Alkaline earths are usually applied as a coating on a nickel alloy wire
or ribbon. This coating, which is dried in a substantial 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.

CATHODE:
INSULATED
HEATER
DIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
{FILAMENT TYPE) (HEATER TYPE)

Directly heated filament-cathodes require comparatively little heating power.
For that reason, they are used in almost all the tube types designed for battery
operation because it is, of course, desirable to impose as small a drain as possible on
the batteries. Examples of the battery-operated filament types are the 30, 31, 32,
33\, zmdd 34, A-c operated types having directly heated filament-cathodes are the
2A3 and 45.

Heater, or indirectly heated cathodes, comprise an assembly of a thin metal
gleeve coated with emitting material and a heater contained within and insulated
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 a 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 ac ieater supply from causing hum. From the viewpoint of circuit design, the
heater-cathode construction offers advantages in connection flexibility due to the
electrical separation of the heater from the cathode. Another advantage of the
heater-cathode construction is that it permits a rectifier tube to be designed with
closer spacing between the cathode and plate, and an amplifier tube with closer
spacing between the cathode and grid. In a rectifier tube, this results in less voltage
drop in the tube and improved regulation; in an amplifier tube, it results in an
increase in the gain obtainable from the tube. Because of the advantages of the
heater-cathode construction, almost all present-day tubes designed for a-c operation
have heater-cathodes.
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DIODES

Electrons are of no value in a radio tube unless they can be put
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. The simplest form of radio
tube contains two electrodes, a “‘cathode™ and a “‘plate,” and is often
called a “diode,” the family name for two-electrode tubes. FILANMENT

PLATE

The electrodes are enclosed in an evacuated envelope with the necessary
connections brought out through air-tight seals. The air is removed from the
envelope to allow free movement of the electrons and to prevent injury to the
emitting surface of the cathode. When the cathode is heated, electrons leave the
cathode surface and form an invisible cloud in the space around it. Any positive
electric potential within the evacuated envelope will offer a strong attraction to the
electrons (unlike electric charges attract; like charges repel). In a diode, the
positive potential is applied to the second electrode, known as the anode, or plate.
The potential is supplied by a suitable electrical source connected 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 dow of electrons is
known as the plate current and may be measured by a sensitive current-meter.

If a negative potential is applied to the plate, the free electrons in the space
surrounding the cathode will be forced back to the cathode, and no plate current
will low. 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 is applied &
to the plate, the plate is alternately made positive £
and negative. Plate current flows only during the é‘,':'
time when the plate is positive. Hence the current &/ recvren oureur
through the tube flows in one direction and is said AN T T
to be rectified. Diode rectifiers are used in a-c ¢
receivers to convert a.c. to d.c. for supplying “B,”
“C,” and screen voltages to the other tubes in the

i I
receiver. Rectifier tubes may have one plate and |‘<>
one cathode. The 1-V and 12Z3 are of this form e
and are called half-wave rectifiers, since current can §<>! DLTERNATING

flow only during one-half of the alternating-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 5Z4, 80, and 5Z3 are examples of this type
and are called full-wave rectifiers.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in the space between the cathode and plate 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 depend on
the cathode temperature and the plate potential. The higher the plate potential, the
less is the tendency for electrons to remain in the space-charge region and repel
others. This effect may be noted by applying increasingly higher plate voltages to
a tube operating at a fixed heater or filament voltage. Under these conditions, the
maximum number of available 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 little effect
in increasing the plate current. The reason is that all of the electrons emitted by
the cathode are already 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 known as the emission current, or, simply, emission. Tubes are

—_—
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sometimes tested by measurement of their emission
current. However, in this test it is generally not
feasible to measure the full value of emission because
this value would be sufficiently large to cause change
in the tube's characteristics, or to damage the tube.
Por that reason, the test value of current in an emission
test is less than the full emission current. However,
this test value is larger than the maximum value which
will be required from the cathode in the use of the
tube. The emission test, therefore, indicates whether
the tube's cathode can supply a sufficiently large
nul;nber of electrons for satisfactory operation of the
tube.

NUMBER OF ELECTRONS
REACHING PLATE ——>

o]

N

|

"Mauiod uopeinies

~«—3JOVLI0A ALVid

If space charge were not present to repel electrons coming from the cathode,
it follows that the same plate current could be produced at a lower plate voltage.
One way to make the effect of space charge small is to make the distance between
plate and cathode small. This means is used in rectifier types, such as the 83-v and
the 25Z5, having heater-cathodes. In these types the radial distance between
cathode and plate is only about two hundredths of an inch. Another means for
reducing space-charge effect is utilized in the mercury-vapor rectifier types, such as
the 83. This tube contains a small amount of mercury, which is partially vaporized
when the tube is operated. The mercury vapor consists of 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 sufficiently 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. lonization, in the case of mercury vapor, is made
evident by a bluish-green glow between the cathode and plate. “When ionization
due to bombardment of mercury atoms by electrons leaving the filament occurs, the
space-charge is neutralized 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 volts). 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.

TRIODES

When a third electrode, called the grid, is placed between the cathode and
plate, the tube is known as a triode, the family name for three-electrode tubes.
The grid usually is a winding of wire extending the length of the cathode. The
spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. When the
tube is used as an amplifier, the grid is usually operated at a negative voltage so
that it repels the electrons and therefore does not draw appreciable current.

The purpose of the grid is to control plate current. With a negative voltage
on the grid, the grid exerts a force on electrons in the space between cathode and
grid. This force drives the electrons back to the cathode. In this way, the
negatively charged grid opposes the flow of electrons to the plate. When the voltage
on the grid is made more negative, the grid exerts a stronger

repelling force on the electrons and plate current is decreased. PLATE
When the grid voltage is made less negative, there is less repelling

force exerted by the grid and plate current increases. Hence, GRID
when the wvoltage on the grid is varied in accordance with a

signal, the plate current varies with the signal. Because a small CaTHOOE

voltage applied to the grid can control a comparatively large
amount of plate current, the signal is amplified by the tube.  "**™F
Typical three-electrode tube types are the 6C5, 76, and 2A3.

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small condenser. The capacitances are those
existing between grid and plate, plate and cathode, and grid and cathode. These

—_8 —
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capacitances are known as interelectrode capacitances. Generally, the capacitance
between grid and plate is of the most importance. In high-gain radio-frequency
amplifier circuits, this capacitance may act to produce undesired coupling between
the input circuit, the circuit between grid and cathode, and the output circuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen, in the tube. With the addition of the screen,
the tube has four electrodes and is, accordingly, called a
tetrode. The screen is mounted between the grid and the FLATE
plate and acts as an electrostatic shield between them, thus
reducing the grid-to-plate capacitance. The effectiveness of g SCREEN
this shielding action is increased by connecting a by-pass
condenser between screen and cathode. By means of the
screen and this by-pass condenser, the grid-plate capacitance
of a tetrode is made very small. In practice, the grid-plate
capacitance is reduced from an average of 8.0 micromicrofarads (uuf) for a tricde
to 0.01 puf or less for a screen-grid tube.

A CATHODE

HEATER

The screen has another desirable effect in that it makes plate current practically
independent of plate voltage over a certain range. The screen is operated at a
positive voltage and, therefore, attracts electrons from the cathode. But because of
the comparatively large space between wires of the screen, most of the electrons
drawn to the screen pass through it to the plate. Hence the screen supplies an
electrostatic force pulling electrons from the cathode to the plate. At the same
time the screen shields the electrons between cathode and screen from the plate so
that the plate exerts very little electrostatic force on electrons near the cathode.
Hence plate current in a screen-grid tube depends to a great degree on the screen
voltage and very little on the plate voltage. This holds true only as long as the
plate voltage is higher than the screen voltage. The fact that plate current in a
screen-grid tube is largely independent of plate voltage makes it possible to obtain
much higher amplification with a tetrode than with a triode. The low grid-plate
capacitance makes it possible to obtain this high amplification without plate-to-grid
feedback and resultant instability. Representative screen-grid types are the 32
and 24-A.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two- and three-electrode types, these vagrant electrons
usually do not cause any trouble because no positive electrode other than the plate
itself is present to attract them. These electrons, therefore, 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 cathode emission. In the case of screen-grid tubes
(tetrodes), the proximity of the positive screen to the plate offers a strong attraction
to these secondary electrons and particularly so if the plate voltage swings lower
than the screen voltage. This effect 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
suppressor, is placed in the tube between the screen and plate. The family name
for five-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 diverts them back to the plate, where they cannot
cause trouble.

The suppressor is utilized in pentodes designed for two different functions.

—9—
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In power output pentodes, the suppressor makes possible
a large power output with high gain, due to the fact that
the ‘plate swing can be made very large. Tubes of this
type are represented by the 6F6, 42, and 33. In radio-
frequency amplifier pentodes, the suppressor permits of
obtaining a high voltage amplification 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 6J7 and 6K7.

A beam power tube makes use of a different method for suppressing secondary
emission. In this tube there are four electrodes, a cathode, grid, screen and plate
so spaced that secondary emission from the plate is suppressed without an actual
suppressor. Because of the way the electrodes are spaced, electrons traveling to
the plate slow down, when plate voltage is low, almost to zero velocity in a certain
region between screen and plate. In this region the electrons form a stationary
cloud, a space-charge. The effect of this space charge is to repel secondary electrons
emitted from the plate and thus cause them to return to the plate. In this way,
secondary emission is suppressed.

Ancther feature of the beam power tube is the low current drawn by the screen.
The screen and the grid are spiral wires wound so that each turn of the screen is
shaded from the cathode by a grid turn. This alignment of the screen and grid
causes the electrons to travel in sheets between the turns of the screen so that very
few of them flow to the screen. Because of the effective suppressor action provided
by space charge and because of the low current drawn by the screen, the beam
power tube has the advantages of high power output, high power sensitivity, and
high efficiency. The 6L6 is a beam power tube.

BEAM-FORMING
PLATE
CATHODE ———__

GRID
SCREEN
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" INTERNAL STRUCTURE OF BEAM POWER TUBE

MULTI-ELECTRODE and MULTI-UNIT TUBES

In the 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.

— 10—
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Later and present trends of tube design are the development of “‘specialty™
types. These types are intended either to give optimum performance in a particular
application 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
6]7, 6L17, 6F6, and 6L6. Types of this class, in general, require more than three
electrodes to obtain the desired special characteristics. Thus, they may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes, seven, exclusive of
the heater. Plate current in the tube is varied at two different frequencies at the
same time. The tube is designed primarily for use as a mixer in superheterodyne
receivers. In this use, the tube mixes the signal frequency with oscillator frequency
to give intermediate-frequency output.

Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are designed, The 6L7, for instance,
can also be used as a variable-gain audio amplifier in such applications as a volume
expander for a phonograph amplifier. The 6F6, besides its use as a power output
pentode, can also be connected as a triode and used as a driver for a pair of 6L6'.

The second class includes multiple-unit tubes such as the duplex-diode triodes
6Q7 and 6R7, as well as the duplex-diode pentodes 6B8 and 6B7 and the twin
Class B amplifier types 6N7 and 6A6. All of these types have two or more separate
tube units. Related to this class are the electron-ray types, 6B5 and 6G35, which
combine a triode amplifier with a fluorescent target. It is interesting to note that
the 80 is one of the earliest illustrations of multi-unit tubes.

PLATE
PLATE
PPRESSOR CONTROL GRID SCREEN
SCREEN: OSCILLATOR ANODE GRID
gg‘:t PLATE GRID
- CATHODE
DIODE PLATE /\
CATHODE
HEATER HEATER

DUPLEX-DIODE PENTODE

PLATE

PENTAGRID CONVERTER

TARGET
SUPPRESSOR
OSCILLATOR R e PRooe "
GRID SCREEN P':_":;g
SIGNAL GRID J CATHODE
A CATHODE
HEATER MEATER

PENTAGRID MIXER

ELECTRON-RAY TUBE

A third class combines features of each of the other two classes. Typical of
this third class are the 6A8 and the 6A7 pentagrid-converter types. These tubes
are similar to the multi-electrode types in that they have seven electrodes, all of
which affect the same electron stream, and are like the multi-unit tubes in that
they perform two functions (oscillator and mixer in a superheterodyne receiver)
simultaneously.

— 11—



Radio Tube Characteristics

The term “CHARACTERISTICS” is used to identify the distinguishing
electrical features and values of a radio tube. These 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. Por example,
Static Characteristics are the values obtained with different d-c potentials appﬁed
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 information,
but in two different forms to increase its usefulness. The plate characteristic curve
is obtained by varying plate voltage and measuring plate current for different
control-grid bias voltages, while the transfer-characteristic curve is obtained by
varying control-grid bias voltage and measuring plate current for different plate
voltages. A plate-characteristic family of curves is illustrated by Fig. 1. Pig. 2
gives the transfer characteristic family of curves for the same tube.
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Dynamic characteristics include amplification factor, plate resistance, control-
grid—plate transconductance 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, when the plate voltage
is made 1 volt more positive, the grid voltage must be made 0.1 volt more negative
to hold plate current unchanged, the amplification factor is 1 divided by 0.1, or 10.
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
product of the grid voltage change and amplification factor. The u of a tube is
useful for calculating stage gain, as discussed on page 15.

Plate resistance (r,) of a radio tube is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage by the corresponding change in plate current and is expressed
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001
ampere) is produced by a plate voltage variation of 1 volt, the plate resistance is
1 divided by 0.0001, or 10000 ohms.

Control-grid—plate transconductance, or simply transconductance (gm), is 3
factor which combines in one term the amplification factor and the plate resistance,
and is the quotient of the first by the second. This term is also known as mutual

— 12—
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conductance. Transconductance 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 0.5 volt causes a plate-current change of 1 mil-
liampere (0.001 ampere), with all other voltages constant, the transconductance is
0.001 divided by 0.5, or 0.002 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 transconductance. So, in the example, 0.002 mho
is 2000 micromhos.

Conversion transconductance (s.) is a characteristic associated with the mixer
(first detector) function of tubes and may be defined as the quotient of the inter-
mediate-frequency (i-f) current in the primary of the i-f transformer by the applied
radio-frequency (r-f) voltage producing it; or more precisely, it is the limiting value
of this quotient as the r-f voltage and i-f current approach zero. When the
performance of a frequency converter is determined, conversion transconductance
is used in the same way as control-grid—plate transconductance is used in single-
frequency amplifier computations.

Maximum peak inverse voltage characteristic of a rectifier tube is the highest
peak voltage that a rectifier tube can safely stand in the direction opposite to that
in which it is designed to pass current. In other words, it is the safe arc-back limit
with the tube operating within the specified temperature range. Referring to Fig. 3,
when plate A of a full-wave rectifier tube is
positive, 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 voltage is
limited by the resistance and nature of the path
between plate B and filament. The maximum
value of this voltage at which there is no danger
of breakdown of the tube is known as maximum
peak-inverse voltage. The relations between peak
inverse voltage, rms value of a-c input voltage
and d-c output voltage depend largely on the
individual characteristics of the rectifier circuit and the power supply. The presence
of line surges or any other transient, or wave-form distortion may raise the a
peak voltage to a value higher than that calculated for sine-wave voltages. There-
fore, the actual inverse voltage, and not the calculated value, should be such as not
to exceed the rated maximum peak inverse voltage for the rectifier tube. A
cathode-ray oscillograph or a spark gap connected across the tube is useful in
determining the actual peak inverse voltage. In single-phase, full-wave circuits with
sine-wave input and with no condenser across the output, the peak inverse voltage
on a rectifier tube is approximately 1.4 times the rms value of the plate voltage
applied to the tube. In single-phase, half-wave circuits with sine-wave input and
with condenser input to the filter, the peak inverse voltage may be as high as 2.8
times the rms value of the applied plate voltage. In polyphase circuits, mathemat-
ical determination of peak inverse voltage requires the use of vectors.

Fig. 3

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 a function of the
available emission and the duration of the pulsating current flow from the rectifier
tube during each half cycle. In a given circuit, 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 tubes, the peak plate current is not much greater
than the load current, but if a large condenser is used in the filter next to the
rectifier tubes, the peak current is often many times the load current. In order to
determine accurately the peak current in any circuit, the best procedure usually is
to measure it with a peak-indicating meter or to use an oscillograph.
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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,
rectification, detection, oscillation, and frequency conversion. Although these
operations may take place at 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
8. This action can be utilized in radio circuits il a number of ways, depending
upon the results to be achieved. Four 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 fullload conditions. The classes are
Class A, Class AB, Class B, and Class C. The term, cut-off bias, used in these
definitions is the value of grid bias at which plate current is some very small value.

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias
and na]temating grid voltages are such that plate current in a specific tube flows
at all times.

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid
bias and alternating grid voltages are such that plate current in a specific tube flows
for appreciably more than half but less than the entire electrical cycle.

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cut-off value so that the plate current is approximately
zero when no exciting grid voltage is applied, and so that plate current in a specific
tube flows for approximately one-half of each cycle when an alternating grid voltage
is applied.

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias
is appreciably greater than the cut-off value so that the plate current in each tube
is zero when no alternating grid voltage is applied, and so that plate current flows
in a specific tube for appreciably less than one-half of each cycle when an alternating
grid voltage is applied.

NOTE:—To denote that grid current does not flow during any part of the
input cycle, the suffix 1 may be added to the letter or letters of the class identification.
The suffix 2 may be 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
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 usually chosen so that distortion is kept below the
conventional 5% for triodes and the conventional 7 to 10% for tetrodes or pentodes,
Distortion can be reduced below these figures by means of special circuit arrange-
ments such as that discussed under inverse feedback on page 21. With Class A
amplifiers, reduced distortion with improved power performance can be obtained by
using a push-pull stage for audio service. With Class AB and Class B amplifiers,
a balanced amplifier stage using two tubes 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,
but of increased amplitude. This is accomplished by operating the tube at a suitable
grid bias so that 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. Pig. 4 gives a graphical illustration of this method of amplifica-
tion and shows, by means of the grid-voltage vs. plate-current characteristics, the
effect of an input signal (8) applied to the grid of a tube. O is the resulting
amplified plate-current variation.
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The plate current flowing through the load resistance {R) of Fig. 5 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage
variation produced in the load resistance to the input signal voltage is the voltage

_OUTPUT SIGNAL (0]

o

oUTPUT
VOLTAGE

=GRID VOLTS

»

INPUT SIGNAL
(s)

amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulae:

Load resistance
Load resistance -+ Plate resistance’

Voltage Amplification == Amplification factor or

Tranaconductance in micromhos X Plate resistance X Load resistance
1000000 X (Plate resistance -}- Load resistance)

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube's amplification factor but that the gain approaches the
amplification factor when the load resistance is large compared to the tube’s plate
resistance. Fig. 6 shows graphically how the gain approaches the mu of the tube
as load resistance is increased. From the curve it can be seen that to obtain high
gain in a voltage amplifier, a high value of load resistance should be used.

u
4
7.5 /
VOLTAGE AMPLIFICATION wsS.LOAD RESISTANCE
FOR THEORETICAL TRIODE HAVING:

PLATE RESISTANCE=10000 OMMS a—
AMPLIFICATION FACTOR=O
MUTUAL CONDUCTANCE =1000 MICROMHOS

VOLTAGE AMPLIFICATION
[
o »

200000 300000 200000 500000
LOAD RESISTANCE ~OHMS
Pig. 6

In a resistance-coupled amplifier, the resistance of the tube's load is approxi-
mately equal to the plate resistor in parallel with the grid resistor of the following
stage. Hence, to obtain a large value of load resistance, it is necessary to use a
plate resistor and a grid resistor of large resistance. However, the plate resistor
should not be too large. The flow of plate current through the plate resistor
produces a voltage drop which reduces the plate voltage applied to the tube. If the
plate resistor is too large, this drop will be too large, the plate voltage on the tube

be too small and the voltage output of the tube will be too small. Also, the grid
resistor of the following stage should not be too large because an amplifier tube may
become unstable if its grid resistor is too large. The recommended values of plate
resistor and grid resistor for the tube types used in resistance-coupled circuits, and
the values of gain obtainable, are shown in the RESISTANCE-COUPLED AMPLI-
FIER SECTION.

The input impedance of a radio tube, that is, the impedance between grid and
cathode, is very high at audio frequencies when the tube is o]perated with a negative
grid. Hence in a Class A; or Class AB; transformer-coupled audio amplifier, the
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loading imposed by the grid on the input transformer is negligible. The secondary
impedance of a Class Ay or Class ABy input transformer therefore is not limited
by the input impedance of the tube; the secondary impedance is limited, however,
by other transformer design considerations.

A super-control amplifier tube is a modified construction of a pentode or a
screen-grid type and is designed to reduce modulation-distortion and cross-modulation
in radio-frequency stages. Cross-modulation is the effect produced in a radio
receiver by an interfering station “riding through™ on the carrier of the station to
which the receiver is tuned. Modulation-distortion is a distortion of the modulated
carrier and appears as audio-frequency distortion in the output. This effect is
produced by a radio-frequency amplifier 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 the last intermediate-frequency stage.
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The characteristics of super-control types are such as to enable the tube to handle
both large and small input signals with minimum distortion over a wide range.
cross-section of the structure of a 6K7, a typical super-control tube, is shown in
Fig. 7. The super-control action is due to the structure of the grid which provides
a variation in amplification factor with change in grid bias. The grid is wound
with coarse spacing at the middle and with 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 essentially 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 distortion. Fig. 8 shows
a typical plate-current vs. grid-voltage curve for a super-control type compared with
the curve for a type having a uniformly spaced grid. It will be noted that while
the curves are similar 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 satisfactorily. Since super
control types can accommodate large and small signals, they are particularly suitable
for use in sets having automatic volume control. Super-control types also are known
as remote cut-off types.

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 loudspeaker. For this
application, large power output is of much greater importance than high voltage
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 efiiciency, and low
distortion. Power tubes of the pentode type are characterized by high power
sensitivity, high plate-power efficiency, and relatively high distortion. The beam
power amplifier type 6L6 has a still higher power sensitivity and efficiency and has
a higher power output capability than triode or pentode types.

— 16—
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A Class A power amplifier is also used as a driver to supply power to a Class
AB or a Class B output stage. It is usually advisable to use a triode type, rather
than a pentode, in a driver stage because of the lower distortion of the tricde.

E TC
” LOUDSPEAKER

<1 [ 1
[ L d h b
B+ EB— A-C FILAMENT SUPPLY 8+ B-  A-C HEATER SUPPLY
Fig. 9 Fig. 10

Bither 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 addition to increase in power, a number of important advantages over single-tube
operation. 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 than for single-tube operation, appreciably more than twice
single-tube output can be cbtained by decreasing the load resistance.

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

Power output for triodes as single-tube 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 wefl as the
per cent 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 current. 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-voltage 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
the maximum and minimum values of plate voltage and plate current for the grid-
}roltaﬁle swing as B max., E min., I max.,, I min., the power output is given by the
ormula:

(I max. ~ 1 min.) X (E max. - E min.)
8

Power Output =
If B is in volts and I in milliamperes, power output is in milliwatts.

Per cent second-harmenic distortion is given by the following formula in which
fo is the trial value of d-c plate current.

— 17—
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I max, 4 I min.

2
Per cent 2nd Harmonic Distortion = X 100
1 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, and a plate
load of 3900 ohms, given the plate
characteristic curves as shown.

Procedure: Draw through point (P)
which represents proposed ~operating
conditions, line XY with lloﬁn corre-
©  sponding to 3900-chm load. is may
4 be done by drawi;\x% XY parallel to line
AB. The line is drawn between
——————— point (M) at 250 volts and zero cur-
rent, and point (Q) at zero volts and
current equal to 250 volts divided by
plate load of 3900 ohms, i.e., 250 +
3900 = 0.064 ampere or 64 milli-
amperes.

PLATE MILLIAMPERES

250 g
FLATE VOLTS
Fig. 11
By substitution of values from curves in above power formula:

(0.066 - 0.007) X (360 -~ 130)

Power QOutput = 3 = 1.7 watts
By substitution of values from curves in above distortion formula:
0.066 + 0.007
—_—— = 0.034
2nd Harmonic Distortion = X 100 = 4.2%
0.066 — 0.007

It is customary to make the final selection of load resistance such that the
distortion 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
necessary to obtain the optimum value for the trial value of plate current.
Ordinarily, the plate load resistance for optimum conditions is approximately equal
to twice the plate resistance.

To check the trial plate current, calculations should be made for d-c plate
currents above and below the trial value. The most suitable value with its corre
sponding grid bias can then be selected, unless
the value is higher than that recommended for
the tube. In this event the maximum permissible
value is chosen.

The proper load for triodes in push-pull
power amplifiers may be determined by means of
the plate family and the relation E=0.6 Eo,
where Bo is equal to the desired operating plate
voltage. The method is to erect a vertical line at
E=0.6 Eo (see Fig. 12), intersecting the Ec=0
curve at the point (Im). A load line is then
drawn through Im and the Eo point on the zero-
current axis. Four times the resistance correspond-
ing to this load line is the plate-to-plate load for
two triodes in a Class A push-pull amplifier. o

t

PLATE MILLIAMPERES (1)
8

300
PLATE VOLTS(Ep)

Fig. 12 illustrates the application of this —]
method to the case of two type 45's operated at £ Ec::‘—"'I
Bo=:250 volts. Then

Fig. 12
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Eo - 0.6 Eo 100
Plate-to-Plate Load = ————— X 4 == —— X 4 = 4160 ohms
Im 0.096

This simple formula is applicable to all power output triodes. The operating grid-
bias voltage can be anywhere between that specified for single-tube operation and
that equal to one-half the grid-bias voltage required to produce plate-current cut-off
at a plate voltage of 1.4 Eo. Thus, for single-tube operation of the type 47, the
grid-bias voltage is recommended as —50 volts for 250 volits on the plate. Plate-
current cut-off at 1.4 Eo, or 350 volts, occurs at —110 volts on the grid. One-half
of this value is —55 volts, which is the most negative value permissible without
departing from Class A conditions.
Operation beyond this point will
be accompanied by rectification
and will no longer be representa-
tive of a Class A amplifier.

€y = 0293

The power output for push-
pull triodes may be determined by

PLATE MILLIAMPERES

the following formula: Ee =v®
Im Eo
Power Output ==
I, Ec =L707Y
| T Ec =2V
If Im is expressed in amperes and Eo _‘_"‘*"’:'__’_:—-—SL | CL=
in volts, power is obtained in watts. . 3 Euax.

]
PLATE YOLTS
®V IS THE CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT

Fig. 13

Thus, for Fig. 12, power output =
0.096 X 250 <+ 5, or 4.8 watts.

Power output for pentodes and for beam power tubes as Class A amplifiers
can be calculated in much the same way as for triodes by means of the following
formulas and a special plate characteristic family of curves, illustrated in Fig. 13.

[I max. — I min. 4+ 1.41 (Ix -~ Iy)12 Rp
32

Power Output =

If I is in amperes and E in volts, then

_ Emax. —Emin. .
~ I max. — 1 min.

Rp
and power output is obtained in watts.

I max. 4+ I min. -2 Jo
I max. - I min. + 1.41 (Ix - Iy)

Per cent 2nd Harmonic Distortion = X 100

I max. — [ min, — 1.41 (Ix - Iy)
I max. — I min. 4+ 1.41 (Ix - ly)

Per cent 3rd Harmonic Distortion = X 100

Per cent total (2nd and 3rd) Harmonic Distortion = V(g 2nd Har. Dist.)? + (% 3rd Har. Dist.)?

The conversion curves given in Fig. 14 apply to radio tubes in general but are
particularly useful for power tubes. These curves can be used for calculating
approximate operating conditions for a plate voltage which is not included in the
published data on operating conditions. For instance, suppose it is desired to operate
two 6L6s in Class Ay push-pull, fixed bias, with a plate voltage of 200 volts. The
published operating conditions for this class of service are for a plate voltage of
250 volts. The operating conditions for the new plate voltage can be determined
as follows: First compute the ratio of the new plate voltage to the plate voltage of
the published data. In the example, this ratio is 200/250=0.8. This figure is the
Voltage Conversion Factor, Fo. Multiply by this factor to obtain the new values
of grid bias and screen voltage. This gives a grid bias of —16 X 0.8=-12.8 volts,
and a screen voltage of 250 X 0.8=200 volts for the new conditions. To obtain
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the rest of the new conditions, multiply the CONVERSION FACTORS
published values by factors shown on the chart 06 08 1.0 1.5 20 25
as corresponding to a voltage conversion factor
of 0.8. In this chart,

Py applies to plate current and to screen
current,

Fp applies to power output,

Br applies to load resistance and plate
resistance.

Fem applies to transconductance.

Thus, to find the power output for the new
conditions, determine the value of F, for a
voltage conversion factor of 0.8. The chart
shows that this value of F; is 0.6. Multiplying
the published value of power output by 0.6, the
power output for the new conditions is 14.5 X
0.6=28.7 watts.

A class AB power amplifier employs two
tubes connected in push-pull with a higher
negative grid bias than is used in a Class A stage.
With this higher negative bias, the plate and
screen voltages can usually be made higher than
for Class A because the increased negative bias
holds plate current within the limit of the tube's
ﬁlate dissipation rating. As a result of these

igher voltages, more power output can be
obtained from Class AB operation.

Class AB amplifiers are subdivided into
Class AB; and Class AB2. In Class AB; there
is no flow of grid current. That is, the peak
signal voltage applied to each grid is not greater
than the negative grid-bias voltage. The grids A o oETo 5 2.0 2.5
therefore are not driven to a positive potential VOLTAGE CONVERSION FACTOR (Fe)
and do not draw grid current. In Class ABg, 92C-5499R2
the peak signal voltage is greater than the bias Fig. 14
so that the grids are driven positive and draw
grid current.

Because of the flow of grid current in a Class AB2 stage there is a loss of
power in the grid circuit. The sum of this loss and the loss in the input transformer
is the total driving power required by the grid circuit. The driver stage should be
capable of a power output considerably larger than this required power in order that
distortion introduced in the grid circuit be kept low. The input transformer used
in a Class ABg amplifier usually has a step-down turns ratio.

Because of the large fluctuations of plate current in a Class ABg stage, it is
important that the power supply should have good regulation. Otherwise the
fluctuations in plate current cause fluctuations in the voltage output of the power
supply, with the result that power output is decreased and distortion is increased.
To obtain satisfactory regulation it is usually advisable to use a choke-input filter.
It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum
type because of the better regulation of the mercury-vapor type. In all cases, the
resistance of the filter chokes and power transformer should be as low as possible.

A Class B power amplifier employs two tubes connected in push-pull, so biased
that plate current is almost zero when no signal voltage is applied to the grids.
Because of this low value of no-signal plate current, Class B amplification has the
same advantage as Class AB, that large power output can be obtained without
excessive plate dissipation. The difference between Class B and Class AB is that,
in Class B, plate current is cut off for a larger portion of the negative grid swing.

There are several tube types designed especially for Class B amplification. The
characteristic common to all these types is high amplification factor. With this high
amplification factor, plate current is small when grid voltage is zero. These tubes,
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gherefore, can be operated in Class B at a bias of zero volts, so that a bias supply
is not required. A number of the Class B amplifier tube types consist of two
triode units mounted in one tube. The two triode units can be connected in
push-pull, so that only one tube is required for a Class B stage. Examples of these
Class B twin triode types are the 6N'7, 6A6, and 19.

_ Because a Class B amplifier is usually operated at zero bias, each grid is at a
positive potential during the positive half-cycle of its signal swing and consequently
draws considerable grid current. There is, therefore, a loss of power in the grid
circuit. This imposes the same requirement on the driver stage as in a Class ABg
stage; that is, the driver should be capable of considerably more power output than
the power required for the Class B grid circuit in order that distortion be low.
The interstage transformer between the driver and Class B stage usually has a
step-down turns ratio.

v The fluctuations in plate current in a Class B stage are large so that it is
important that the power supply have good regulation. The discussion of the power
supply for a Class ABy stage, therefore, also applies to the power supply for a
Class B amplifier.

Inverse feedback is used in audio amplifiers to reduce distortion in the output
stage where the load impedance on the tube is a loudspeaker. Because the impedance
of a loudspeaker is not constant for all audio frequencies, the load impedance on
the output tube varies with frequency. When the output tube is a pentode or beam
power tube having high plate resistance, this variation in plate load impedance can,
if not corrected, produce considerable frequency distartion. Such frequency
distortion can be corrected by means of inverse feedback.

The application of inverse feedback
SIaNAL %”

TveE to a power output stage using a single

6L6 is illustrated by Fig. 16. In this
circuit, Ry, Rg, and C are connected
Ry across the output of the 6L6 as a voltage
n divider. The secondary of the grid-
input transformer is returned to a point
< on this voltage divider. Condenser C

blocks the d-c plate voltage from the

grid. However, a portion of the tube's
a-f output voltage, approximately equal
to the output voltage multiplied by the

Rz

= S8 fraction Rg/(R1i-+Rgz), is applied to
) the grid. There results a decrease in
Fig. 16 distortion which can be explained by

the curves of Fig. 17.

Consider first the amplifier as being without inverse feedback. Suppose that
when a signal voltage es is applied to the grid the a-f plate current i, has an
itregularity in its positive half-cycle. This irregularity represents a departure from
the waveform of the input signal and is, therefore, distortion. Por this plate-current
waveform, the a-f plate voltage has a waveform shown by e’,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-current
increase produces an increase in the drop across the plate load. The voltage at the
plate is the difference between the drop across the load and the supply voltage;
thus, when plate current goes up, plate voltage goes down; when plate current
goes down, plate voltage goes up.

Now suppose that inverse feedback is applied to the amplifier. The distortion
irregularity in plate current is corrected in the following manner. With an inverse
feedback arrangement, the voltage fed back to the grid has the same waveform
and phase as the plate voltage, but is smaller in magnitude. Hence, with a plate
voltage of waveform shown by ep, the feed-back voltage appearing on the grid is
as shown by e'gr. This voltage applied to the grid produces a component of plate
current i’pr. It is evident that the irregularity in the waveform of this component
gf plate current would act to cancel the original irregularity and thus reduce

istortion.

After the correction of distortion has been applied by inverse feedback, the
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relations are as shown in the curve for i,. The dotted curve shown by ipr is the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by ip is the component of plate current due to the signal voltage on
the grid. The sum of these two components gives the resultant plate current S%IOWD

Fig. 17

by the solid curve of i,. Since i’y is the plate current that would flow without
inverse feedback, it can be seen that the application of inverse feedback has
reduced the irregularity in the output current. In this manner, inverse feedback
acts to correct any component of plate current that does not correspond to the
input signal voltage, and thus reduces distortion.

From the curve for ip, it can be seen that, besides reducing distortion, inverse
feedback also reduces the amplitude of the output current. It follows that when
inverse feedback is applied to an amplifier, there is a decrease in power output as
well as a decrease in distortion. However, by means of an increase in signal
voltage, the power output can be brought back to its full value. Hence, the
application of inverse feedback to an amplifier means that more driving voltage
must be applied to obtain full power output but that this full power output is
obtained with less distortion.

The inverse-feedback method
shown in Fig. 16 can also be
applied to Class A; or Class
AB; push-pull amplifiers as
shown in Fig. 18. The method
requires that the input trans
former have a separate seconda-
ry winding for each grid. The
method is not recommended for
use in amplifiers drawing grid
current because of the resistances
introduced in the grid circuit. o

Inverse feedback can be ap-
plied to any Class A; or Class
AB; power amplifier tube but is
especially applicable to a beam
power tube. It is not generally
applied to a triode power ampli-
fier, such as the 2A3, because
the variation in speaker imped-
ance with frequency does not
produce much distortion in a
triode stage having low plate
resistance. It is sometimes ap-
plied in a pentode stage but is
not always convenient. As

4]
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has been shown, when inverse feedback is used in an amplifier, the driving voltage
must be increased in order to give full power output. When inverse feedback is
used with a pentode, the total driving voltage required for full power output may be
inconveniently large. Because a beam power tube gives full power output on a
comparatively small driving voltage, inverse feedback is especially applicable to beam
power tubes. By means of inverse feedback, the high efficiency and high power
output of the beam power tube can be combined with freedom from the effects of
varying speaker impedance.

A corrective filter can be used to improve the frequency characteristic of an
output stage, using a beam power tube or a pentode, when inverse feedback is not
applicable. The filter consists of a resistor and a condenser connected in series
across the primary of the output transformer. Connected in this way, the filter is
in parallel with the plate-load impedance reflected from the voice-coil by the output
transformer. ‘The magnitude of this reflected impedance increases with increasing
frequency in the middle and upper audic range. The impedance of the filter,
however, decreases with increasing frequency. It follows that by use of the proper
values for the resistance and the capacitance in the filter, the effective load impedance
on the output tubes can be made practically constant for all frequencies in the
middle and upper audio range. The result is an improvement in the frequency
characteristic of the output stage.

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 cycles
or higher is equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements on the
output voltage across the primary of the output transformer: first, when a 400-cycle
signal is applied to the input, and second, when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of
capacitance is the one which gives equal output voltages for the two signal inputs.
In practice, this value is usually found to be on the order of 0.05 uf.

A volume expander can be used in a phonograph amplifier to make more
natural the reproduction of music which has a very large volume range. For
instance, in the music of a symphony orchestra, the sound intensity of the loud
passages is very much higher than that of the soft passages. When this music is
recorded, it is not feasible to make the ratio of maximum amplitude to minimum
amplitude as large on the record as it is in the original music. The recording
process is therefore monitored so that the volume range of the original is compressed
on the record. To compensate for this compression, a volume-expander amplifier
has a variable gain which is greater for a high-amplitude signal than for a low-
amplitude signal. The volume expander therefore amplifies loud passages more
than soft passages and thus can restore to the music reproduced from the record
the volume range of the original.

A volume expander circuit is shown in CIRCUIT SECTION. The action of this
circuit depends on the fact that the gain of the 6L7 as an audio amplifier can be
varied by variation of the bias on the No. 3 grid. When the bias on the No. 3
grid is made less negative, the gain of the 6L7 increases. In the circuit, the signal
to be amplified is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7.
The signal is also applied to the grid of the 6C5, is amplified by the 6C5, and is
rectified by the 6H6. The rectified voltage developed across RS, the load resistor
of the 6HS6, is applied as a positive bias voltage to the No. 3 grid of the 6L7.
Then, when the amplitude of the signal input increases, the voltage across RS
increases, and the bias on the No. 3 grid of the 6L7 is made less negative.
Because this increases the gain of the 6L7, the gain of the amplifier increases with
increase in signal amplitude and thus produces volume expansion of the signal.

The No. 1 grid of the 6L7 is a variable-mu grid and therefore will produce
distortion if the input signal voltage is too large. For that reason, the signal input
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same
order as the voltage obtainable from the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of

— 23—



R C A R ECEIVING T U BE M ANUA AL

contact P. This contact should be adjusted initially to give a no-signal plate
current of 0.15 milliamperes in the 6L7. No further adjustment of contact P is
required if the same 6L7 is always used. If it is desired to delay volume expansion
until the signal input reaches a certain amplitude, the delay voltage can be inserted
as a negative bias on the 6H6 plates at the point marked X in the diagram.

A phase inverter is used to provide resistance coupling between the output of
a single-tube stage and the input of a push-pull stage. The necessity for a phase
inverter arises because the signal-voltage inputs to the grids of a push-pull stage
must be 180 degrees out of phase, and equal in amplitude. That is, when the signal
voltage input to a push-pull stage swings one of the push-pull grids in the positive
direction, it should swing the other grid in the negative direction by an equal
amount. When transformer coupling is used, the out-of-phase input voltages can
be obtained from the output of a singletube stage by means of a center-tapped
secondary. When resistance coupling is to be used, the out-of-phase input voltages
can be obtained by means of a phase inverter.

Figure 15 shows a simple phase inverter circuit in which phase inversion is
provided by triode Tz. In this circuit, the voltage output of Ty is applied to one
of the push-pull grids. A portion of the voltage output of Ty also is applied from
the tap on Rg to the grid of T2. The voltage output of Tz is applied to the other
push-pull grid. When the voltage output of T; swings the grid of Tg in the

I
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Fig. 15
positive direction, the plate current of Ta increases. This increases the voltage drop
across the plate resistor Rg and therefore swings the plate of Ta in the negative
direction. Hence, when the voltage output of T; swings positive, the voltage
output of Tz swings negative. In other words, the voltage output of T2 is 180
degrees out of phase with the voltage output of T;. The voltage output of Ty is
made equal to the voltage output of T; by adjustment of the tap on Rg. For
example, if the voltage amplification of Tz is 20, the tap on Rg is adjusted to
supply one-twentieth of the a-f voltage across Rg to the grid of T2. The a-f voltage
across R4 is thus made equal in amplitude to the a-f voltage across Rg. The signal

voltage inputs to the push-pull grids are then equal in amplitude and 180 degrees
out of phase.

In the practical application of this circuit, it is convenient to use a twin-triode
tube combining Ty and Ts. Operating conditions can be taken from the chart in
RESISTANCE-COUPLED AMPLIFIER SECTION. The adjustment of the tap
on Rg is not critical.

Another form of phase inverter is shown in CIRCUIT SECTION. In this circuit,
when the grid of the 6F5 swings in the positive direction, plate current through
the tube increases and the voltage drops across Rs and Rg increase. The plate of
the 6F5 therefore swings in the negative direction, while the cathode swings in the
positive direction. The input voltages to the push-pull grids are thus supplied
180 degrees out of phase. The push-pull input voltages are equal in amplitude
because Ry is equal to Rg. It should be noted that this circuit is not to be used
in a tr-f receiver where the diode circuit is grounded by the mounting of the
tuning-condenser rotor shaft on the chassis. A ground connection to the condenser
would lower the impedance across Rg and would thus unbalance the input voltages
to the push-pull grids.

RECTIFICATION
The rectifying action of a diode finds an important application in supplying
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a receiver with d-c power from an a«< line. A typical arrangement for this
application includes a rectifier tube, a filter, and a voltage divider. The rectifying
action of the tube is explained briefly under DIODES, page 7. The filter’s action
is explained on page 37; its function is to smooth out the ripple of the tube output,
as indicated in Fig. 20. The voltage divider is used to cut down the outﬁut voltage
to the values required by the plates, screens, and grids of the tubes in the receiver.

A half-wave rectifier and a full-wave rectifier circuit are shown in Figs. 21
and 22, respectively. In the half-wave circuit, cur- o
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rectifier tube type and in the CIRCUIT SECTION ol AmLaBLE FOR
A voltage-doubler rectifier circuit of simple FULL-WAVE RECTIFICATION

form is shown in Fig. 23. The circuit derives its Fig. 20

name from the fact that its d-c voltage output can

be as high as twice the peak value of the a-c input. The action of this circuit is
briefly as follows. On the positive half-cycle of the a-c input, that is, when the
upper side of the a-c input line 1s_positive with respect to the lower side, the upper
diode passes current and feeds positive charge into the upper condenser. As positive
charge accumulates on the upper plate of the condenser, a positive voltage builds up
across the condenser. On the next half-cycle of the a-c input, when the upper side
of the line is negative with respect to the lower side, the lower diode passes current
s0 that a negative voltage builds up across the lower condenser. As long as no

HALF-WAVE RECTIFIER FULL-WAVE RECTIFIER
INPUT ouTPUT INPUT ouTPUT
voLTs R voLTs TO

! "'IE FILTER

Fig. 21 Fig. 22

current is drawn at the output terminals from the condensers, each condenser can
charge up to a voltage of magnitude E, the peak value of the a-c input. It can
be seen from the diagram that with a voltage of +E on one condenser and —E
on the other, the total voltage across the condensers is 2E. Thus the voltage
doubler supplies a no-load d-c output voltage twice as large as the peak a-c input
voltage. When current is drawn at the output terminals by the load, the output
voltage drops below 2E by an amount that depends on the magnitude of the load
current and the capacitance of the condensers.

Two rectifier types especially designed for use as voltage doublers are the
all-metal 25Z6 and the glass 25Z5. These tubes combine two separate diodes in
one tube. As voltage doublers the tubes are used in “transformerless™ receivers.
In these receivers, the heaters of all tubes in the set are connected in series with
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a voltage-dropping resistor across the line. The connections for the heater supply
and the voltage-doubling circuit are shown in Fig, 24.

DETECTION

When speech or music is transmitted from a radio station, the station radiates
a radio-frequency wave whose amplitude varies in accordance with the audio-
frequency signal being transmitted. The r-f wave is said to be modulated by the
a-f wave. The effect of modulation on the waveform of the r-f wave is shown in
Fig. 25.

W oo [

UNMODUL ATED A-F MODULATING
R~F CARRIER WAVE MODUL ATED
R-F WAVE
Fig. 25

In the receiver it is desired to reproduce the original a-f modulating wave from
the modulated r-f wave. In other words, it is desired to demodulate the r-f wave.
The receiver stage which performs this demodulation is called the demodulator or
detector stage. There are three different detector circuits in general use, the diode
detector, the grid-bias detector, and the grid-leak detector. These detector circuits
are alike in that they eliminate, either partially or completely, alternate half-cycles
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones.

I-F
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o
€l a-F
- OuTPUT

Fig. 26 Fig. 27

A diode-detector circuit is shown in Fig. 26. The action of this circuit when
a modulated r-f wave is applied is illustrated by Fig. 27. The r-f voltage applied
to the circuit is shown in light line, the output voltage across the condenser C is
shown in heavy line. Between points a and b on the first positive half-cycle of the
applied r-f voltage, the condenser C charges up to the peak value of the r-f voltage.
Then as the applied r-f voltage falls away from its peak value, the condenser holds
the cathode at d potential more positive than the voltage applied to the anode.
The condenser thus temporarily cuts off current through the diode. While the
diode current is cut off, the condenser discharges, from b to ¢, through the diode
load resistor R. When the r-f voltage on the anode rises high enough to exceed
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the potential at which the condenser holds the cathode, current flows again and
the condenser charges up to the peak value of the second positive half-cycle at d.
In this way, the voltage across the condenser follows the peak value of the applied
r-f voltage and thus reproduces the a-f modulation. The curve for voltage across
the condenser, as drawn in Fig. 27, is somewhat jagged. However, this jaggedness,
which represents an r-f component in the voltage across the condenser, is exaggerated
in the drawing. In an actual circuit the r-f component of the voltage across the
condenser is negligible. Hence, when the voltage across the condenser is amplified,
the output of the amplifier reproduces the speech or music originating at the
transmitting station.

It is helpful, in order to understand the diode detector better, to consider the
circuit as a half-wave rectifier. Considered this way, the diode is the half-wave
rectifier tube, the r-f signal voltage is the a-c input, the r-f by-pass condenser C is
the filter condenser, and the resistor R is the load resistance. Because the d-c
output voltage of a rectifier depends on the voltage of the a-c input, the d-c voltage
across C varies with the amplitude of the rf carrier and thus reproduces the a-f
signal. On the basis of this analogy, it can be seen that the condenser C should
be large enough to smooth out r-f or i-f variations, but should not be so large as
to affect the audio variations. Also, on the basis of this analogy, it can be seer that
two diodes can be connected in a circuit similar to a full-wave rectifier to give
full-wave detection. However, in practice, the advantages of this connection
generally do not justify the extra circuit complication.

The diode method of detection has the advantage over other methods in that it
produces less distortion. The reason is that its dynamic characteristic can be made
more linear than that of other detectors. It has the disadvantages that it does not
amplify the signal, and that it draws current from the input circuit and therefore
reduces the selectivity of the input circuit. However, because the diode method of
detection produces less distortion and because it permits the use of simple avc
circuits without the necessity for an additional voltage supply, the diode method
of detection is most widely used in broadcast receivers.

A typical diode-detector circuit using a duplex-diode triode tube is shown in
Fig. 28. In this circuit, Ry is the diode load resistor. A portion of the a-f voltage
developed across this resistor is applied to the triode grid through the volume
control Rg. In a typical circuit, resistor Ry may be tapped so that five-sixths of
the total a-f voltage across Ry is applied to the volume control. This tapped
connection not only reduces the voltage output of the detector circuit but also reduces
audio distortion and improves the r-f filtering. D-c bias for the triode section is
provided by the cathode-bias resistor Rg and the audio by-pass condenser Cg. The
function of condenser Cg is to block the d-c bias of the cathode from the grid. The
function of condenser Cy is to by-pass any r-f voltage on the grid to cathode. A
duplex-diode pentode may also be used in this circuit. With a pentode, the a-f output
should be resistance-coupled rather than transformer-coupled.

I-F
A-F INPUT
OUuTPUT

Fig. 28 Fig. 29

Another diode detector circuit, called a diode-biased circuit, is shown in
Fig. 29. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an r-f signal voltage is applied to the diode, the d-c voltage
at the tap supplies bias to the triode grid. When the r-f signal is modulated, the
a-f voltage at the tap is applied to the grid and is amplified by the triode. The
advantage of this circuit over the self-biased arrangement shown in Fig. 28 is that
the diode-biased circuit does not employ a condenser between the grid and the
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diode load resistor, and consequently does not produce as much distortion of a
signal having a high percentage of modulation.

However, there are restrictions on the use of the diode-biased circuit. Because
the bias voltage on the triode depends on the average amplitude of the r-f voltage
applied to the diode, the average amplitude of the voltage applied to the diode

ould be constant for all values of signal strength at the antenna. Otherwise
there will be different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. This restriction means, in practice, that the
receiver should have a separate-channel avc system. With such an avc system, the
average amplitude of the signal voltage applied to the diode can be held within very
close limits for all values of signal strength at the antenna. The tube used in a
diode-biased circuit should be one which operates at a fairly large value of bias
voltage. The variations in bias voltage are then a small percentage of the total
bias and hence produce small distortion. Tubes taking a fairly large bias voltage
are types such as the 6R7 or 85 having a medium-mu triode. Tube types having
a high-mu tricde or a pentode should not be used in a diode-biased circuit. Since
there is no bias applied to the diode-biased triode when no r-f voltage is applied to
the diode, sufficient resistance should be included in the plate circuit of the triode
to limit its zero-bias plate current to a safe value.

A grid-bias detector circuit is shown in Fig. 30. In this circuit, the grid is
biased almost to cut-off, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a
C battery, or 2 bleeder tap. Because of the high negative bias, only the positive
half cycles of the r-f signal are amplified by the tube. The signal is therefore
detected in the plate circuit. The advantages of this method of detection are that
it amplifies the signal, besides detecting it, and that it does not draw current from
the input circuit and therefore does not lower the selectivity of the input circuit.
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The grid-leak and condenser method, illustrated by Fig. 31, is somewhat more
sensitive than the grid-bias method and gives its best results on weak signals. In
this circuit, there is no negative d-c bias voltage applied to the grid. Hence, on
the positive half-cycles of the r-f signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid-leak resistor as the
diode load resistor and the grid condenser as the r-f by-pass condenser. The voltage
across the condenser then reproduces the a-f modulation in the same manner as
has been explained for the diode detector. This voltage appears between the grid
and cathode and is therefore amplified in the plate circuit. The output voltage
thus reproduces the original a-f signal.

In this detector circuit, the use of a high-resistance grid leak increases selectivi
and sensitivity. However, improved a-f response and stability are obtained wit
{ower values of grid-leak resistance. This detector circuit has the advantage that
it amplifies the signal but has the disadvantage that it draws current from the input
circuit and therefore lowers the selectivity of the input circuit.

AUTOMATIC YOLUME CONTROL

The chief purposes of automatic volume control in a receiver are to prevent
fluctuations in loudspeaker volume when the signal at the antenna is fading in and
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out, and to prevent an unpleasant blast of loud volume when the set is tuned from
a weak signal, for which the volume control has been turned up high, to a strong
signal. To accomplish these purposes, an automatic volume control circuit regulates
the receiver’s r-f and i-f gain so that this gain is less for a strong signal than for
a weak signal. In this way, when the signal strength at the antenna changes, the
avc circuit reduces the resultant change in the voltage output of the last i-f stage
and consequently reduces the change in the speaker’s output volume.

The avc circuit reduces the r-f and if gain for a strong signal usually by
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the
signal increases, A simple avc circuit is shown in Pig. 32. On each positive
half-cycle of the signal voltage, when the diode plate is positive with respect to
the cathode, the diode passes current. Because of the flow of diode current through
Rj, there is a voltage drop across Ry which makes the left end of Ry negative
with respect to ground. This voltage drop across Ry is applied, through the filter
R2 and C, as negative bias on the grids of the preceding stages. Then, when the
signal strength at the antenna increases, the signal applied to the ave diode increases,
the voltage drop across Rj increases, the negative bias voltage applied to the rf
and if stages increases, and the gain of the r-f and i-f stages is decreased. Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without ave. When the
signal strength at the antenna decreases from a previous steady value, the ave
circuit acts, of course, in the reverse direction, applying less negative bias, permitting
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output
of the last i-f stage. In this way, when the signal strength at the antenna changes,
the avc circuit acts to prevent change in the output of the last i-f stage, and thus
acts to prevent change in loudspeaker volume.

The function of the filter, C and Ra, is to prevent the avc voltage from
varying at audio frequency. This filter is necessary because the voltage drop across
R; varies with the modulation of the carrier being received. If avc voltage were
taken directly from Ry without filtering, the audio variations in avc voltage would
vary the receiver's gain so as to smooth out the modulation of the carrier. To
avoid this effect, the avc voltage is taken from the condenser C. Because of the
resistance Rg in series with C, the condenser C can charge and discharge at only
a comparatively slow rate. The avc voltage therefore cannot vary at a frequency
high enough to be in the audio range. However, the avc voltage can vary at
frequencies below the audio range and, at these frequencies, can compensate for
most fading. Thus the filter permits the avc circuit to smooth out variations in
signal due to fading, but prevents the circuit from smoothing out audio modulation.
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It will be seen that an avc circuit and a diode detector circuit are much alike.
It is therefore convenient in a receiver to combine the detector and the avc diode
in a single stage. Examples of how these functions are combined in receivers are

shown in CIRCUIT SECTION.

In the circuit shown in Fig. 32, a certain amount of avc negative bias is
applied to the preceding stages on a weak signal. Since it may be desirable to
maintain the receiver’s r-f and i-f gain at the maximum possible value for a weak
signal, ave circuits are designed in some cases to apply no avc bias until the signal
strength exceeds a certain value. These avc circuits are known as delayed avc, or
dave, circuits. A dave circuit is shown in Pig. 33. In this circuit, the diode section
Di of the 6H6 acts as detector and avc diode, Ry is the diode load resistor, and
Rz and Cg are the avc filter. Because the cathode of diode D3 is returned to -3
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volts, a d-c current flows through Ry and Rg in series with Dz. The voltage
drop of this current places the avc lead at approximately —3 volts potential. As
long as the average amplitude of the rectified signal voltage developed across Rj
does not exceed 3 volts, the avc lead remains at —3 volts. Hence, for signals not
strong enough to develop 3 volts across Ry, the bias applied to the controlled tubes
stays constant at a value giving high sensitivity. However, when the average
amplitude of rectified signal voltage across R; exceeds 3 volts, the plate of diode
D2 becomes more negative than the cathode of Da and current flow in diode D2
ceases. The potential of the avc lead is then controlled by the voltage developed
across Rj. Therefore, with further increase in signal strength, the avc circuit
applies an increasing avc bias voltage to the controlled stages. In this way, the
circuit regulates the receiver’s gain for strong signals, but permits the gain to stay
constant at a maximum value for weak signals.

It can be seen in Pig. 33 that a portion of the —3 volts delay voltage is
applied to the plate of the detector diode Dy, this portion being approximately
equal to Rj/(Ry+Rz) times -3 volts. Hence, with the circuit constants as
shown, the detector plate is made negative with respect to its cathode by approxi-
mately one-half volt. However, this voltage does not interfere with detection
because it is not large enough to prevent current flow in the tube.

TUNING INDICATION WITH ELECTRON-RAY TUBES

In the electron-ray types 6E5 and 6G5, a triode is mounted in a glass bulb,
with a fluorescent target in the dome of the bulb, as shown in Fig. 34. The target
is operated at a positive voltage and therefore attracts electrons from the cathode.
Blectrons striking the target produce a glow in a fluorescent coating on the target.
When electrons are flowing to the whole circumference of the target, the target
has the appearance of a ring of light.

An electrode, the ray-control electrode, is mounted between the cathode and
target. When the potential of this electrode is less positive than the target, electrons
flowing to the target are repelled by the electrostatic field of the electrode, and do
not reach that portion of the target behind the electrode. Because the target does
not glow where it is shielded from electrons, the control electrode casts a shadow
on the glowing target. The extent of this shadow varies from approximately 100
degrees of the target, when the control electrode is much more negative than the
target, to zero degrees when the control electrode is at approximately the same
potential as the target.

In the application of the electron-ray tube, the potential of the control electrode
is determined by the voltage on the grid of the triode section, as can be seen in
Fig. 35. The flow of the triode’s plate current through resistor R produces a voltage
drop which determines the potential of the control electrode. When the voltage
of the triode grid changes in the positive direction, plate current increases, the
potential of the control electrode goes down because of the increased drop across R,
and the shadow angle widens. When the potential of the triode grid changes in
the negative direction, the shadow angle narrows.
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Electron-ray tubes are widely used as tuning indicators in radio receivers. In
this use, avc voltage is applied to the grid of the triode. Since avc voltage is at a
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maximum when the set is tuned to give maximum response to the station, the
shadow angle is at a minimum when the set is tuned exactly to the desired station.
Thus the electron-ray tube gives a convenient visual indication of correct tuning.
The choice between the electron-ray types 6ES and 6G5 for a receiver depends on
the receiver’s avc characteristicc. The 6E5 has a sharp cut-off triode which closes
the shadow angle on a comparatively small value of avc voltage. The 6G5 has a
remote cut-off triode which closes the shadow angle on a larger value of avc voltage
than the 6E5.

_ Electron-ray tubes are also used as indicators in vacuum-tube voltmeters. In
this application, an electron-ray tube has the advantage that it does not draw current
from the circuit connected to its input terminals.

OSCILLATION

As an oscillator, 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 Pigs. 36A and 36B) may be utilized,
but they all depend on feeding more energy from the plate circuit to the grid circuit
than is required to equal the power loss in the grid circuit. Feed-back may be

B A- BY B~ HEATER a+

A+ TRANSFORMER
Fig. 36A Fig. 36B

produced by electrostatic or electromagnetic coupling between the grid and plate
circuits. When sufficient energy is fed back to more than equal the loss in the grid
circuit, 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 proper choice of these values, the
frequency may be adjusted over a very wide range.

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the r-f signal to an intermediate frequency. To perform this change
in frequency, a frequency-converting device consisting of an oscillator and a
frequency mixer is employed. In such a device, shown diagrammatically in Fig. 317,

two voltages of different frequency, the (.., ,;
MIXER

OUTPUT AT

INTERMEDIATE
FREQUENCY

r-f signal voltage and the voltage gen- == sionac
erated by the oscillator, are applied to  FREQUENCY
the input of the frequency mixer.
These voltages beat, or heterodyne,

within the mixer tube to produce a

plate current having, in addition to FREQUENC_Y CONVERTER

the frequencies of the input voltages, Fig. 37

numerous sum and difference frequencies. The output circuit of the mixer stage
is provided with a tuned circuit which is adjusted to select only one beat frequency,
ie., the frequency equal to the difference between the signal frequency and the
oscillator frequency. The selected output frequency is known as the intermediate
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frequency, or if. The output frequency of the mixer tube is kept constant for
all values of signal frequency by tuning the oscillator to the proper frequency.

Important advantages gained in a receiver by the conversion of signal frequency
to a fixed intermediate frequency are high selectivity with few tuning stages and
a high, as well as stable, overall gain for the receiver.

Three methods of frequency conversion for superheterodyne receivers are of
interest. These methods are a]fze in that they employ a frequency-mixer tube in
which plate current is varied at a combination of the signal frequency and the
oscillator frequency. These variations in plate current produce across the tuned
plate load a voltage of the desired intermediate frequency. The three methods differ
in the tybl’)es of tubes employed and in the means of supplying input voltages to the
mixer tube.

A method widely used before the availability of tubes especially designed for
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
y means of inductance or capacitance.

A second method employs a tube especially designed for frequency-converter
service, in which the oscillator and the frequency mixer are combined in one tube.
With this tube, called a pentagrid converter, coupling between the oscillator and
mixer circuits is obtained by means of the electron stream within the tube. The
arrangement of electrodes in a pentagrid converter tube is shown in Fig. 38A.
Grids No. 1 and No. 2 and the cathode are connected to an external circuit to act
as a triode oscillator. Grid No. 1 is the grid of this oscillator and grid No. 2 is

PLATE PLATE

GRID N25
(SUPPRESSOR)

GaID N24 .
{CoNTROL GRIO) GRIDS N23 & N25 (0scitLATOR GRIDY GRIDS N22 8 N2a
GRID Ne2
GRID NeI (ANODE GRID) GRID N2|
(OSCILLATOR GRID) (SICNAL GRID)
f CATHODE CATHODE
HEATER HEATER
PENTAGRID CONVERTER PENTAGRID MIXER
Pig. 38A PFig. 38B

the anode. These two grids and the cathode can be considered to be a composite
cathode which supplies to the rest of the tube an electron stream that varies at
oscillator frequency. This varying electron stream is also controlled by the r-f
voltage on grid No. 4. Thus, the variations in plate current are due to the com-
bination of the oscillator and the signal frequencies. The purpose of grids No. 3
and No. 5, which are connected together within the tube, is to accelerate the
electron stream and to shield grid No. 4 electrostatically from the other electrodes.
The 6A8 and 1C6 are examples of the pentagrid-converter types.

A third method employs a tube particularly designed for short-wave reception.
This tube, called a pentagrid mixer, has two independent control grids and is used
with a separate oscillator tube. R-f signal voltage is applied to one of the control
grids and oscillator voltage is applied to the other. It follows that the variations
in plate current are due to the combination of the oscillator and signal frequencies.
The arrangement of electrodes in a pentagrid-mixer tube is shown in Fig. 38B.
The two control grids are No. 1 and No. 3. The r-f signal voltage is applied to
No. 1. This grid is a remote cut-off grid and is, therefore, suited for control by
avc bias voltage. The oscillator voltage is applied to No. 3 grid. This grid is a
sharp cut-off grid and, therefore, produces a comparatively large effect on plate
current for a small amount of oscillator voltage. Grids No. 2 and No. 4 are tied
together within the tube. They serve to accelerate the electron stream and to shield
grid No. 3 electrostatically from the other electrodes. Grid No. 5 functions similarly
to the suppressor in a pentode. The 6L7 is a pentagrid-mixer tube.
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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 tubes are covered in this section. Careful
observance of these suggestions will do much in helping the experimenter and radio
technician to obtain the full performance capabilities of radio tubes and circuits.
Additional 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 heater, but most satisfactory 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 that electron emission is limited. This ma
cause unsatisfactory operation and reduced tube life. On the other hand, higg
cathode 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 the 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 heater 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 voltage variations or to adjust
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-down
transformer 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 the 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
the filament and the battery is required to compensate for battery variations. It is
also recommended that an accurate voltmeter or milliammeter be permanently installed
in the receiver to insure operation of the tubes at their rated filament voltage.
Turning the set on and off by means of the rheostat is advised to prevent over-voltage
conditions after an off-period. The voltage of dry-cells rises during off-periods.
In the case of storage-battery supply, air-cell-battery supply, or d-c power supply, a
non-adjustable resistor of suitable value may be used. Tt is well, however, to check
initial operating conditions, and thus the resistor value, by means of a voltmeter
or ammeter. A resistor is not required in some types of service, such as in the
operation 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
Total rated filament current (amperes)

Required Resistance (ohms) =

Thus, if a receiver using three 32's, two 30's, and two 31’s is 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 5X0.060 ampere-}2X 0.130 ampere), i.e., approximately 1.8 ohms,
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to obtain 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 wattage rating should be sufficiently large to prevent overheating.
power dissipation in watts is equal to the voltage drop in the resistor multiplied by
the total filament current in amperes. Thus, for the example above, 1 X0.56=0.56
watts. In this case, the value is so small that any commercial rheastat with suitable
resistance will be adequate.
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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 (chms) = Rated amperes of tubes

"I'hus, if a receiver having one 6A8, one 6K7, one 6B8, one 25A6, and one 25Z6
is to be operated from a 120-volt power line, the series resistor is equal to 120 volts
(?h_e supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts42X 25 volts)
divided by 0.3 ampere (current rating of these tubes), i.e., approximately 170 ohms.
The wattage dissipation in the resistor will be 120 volts minus 68.9 volts times 0.3
ampere, or approximately 15.3 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 ratings should have shunt
resistors placed across their heater terminals to pass the excess current. The

required series resistor is then calculated on the basis 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 voltmeter (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
tullyes. Any radio tube may be damaged or made inoperative by excessive operating
voltages.

If the 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. Some 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 scrijs—resistor or booster-transformer method of controlling line voltage is seldom
required.

In the case of the series arrangements of filaments and/or heaters, a voltage-
dropping resistance in series with the heaters and the supply line is usually required.
This resistance should be of such value that, for normal line voltage, tubes wi
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 across the winding. This practice follows the
general recommendation that the potential difference between heater and cathode
be kept low. In high-gain resistance-coupled circuits, the use of 10 volts is
suggested to minimize hum, If a large resistor is used between heater and cathode,
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
battery, the cathodes are connected either directly or through biasing resistors to
the negative battery terminal. When a series-heater arrangement is used, the
cathode circuits should be connected 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 through a rectifier.
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PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes is obtained from batteries, devices for
rectifying a.c., direct-current power lines, and small Jocal generators. Auto radics
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.

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
e;.: a tl:lbe 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 obtained 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 cathcde current 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-battery 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 the tube is of the heater-cathode type. If the 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
from the voltage divider of a high-voltage d-c supply, the grid return is connected
to a more negative tap than the cathode.

The self-biasing method utilizes the voltage drop produced by the cathode
current flowing through a resistor (Pig. 39) 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, pentode, or beam power tube. Since the voltage drop
along the resistance is increasingly negative with respect to the cathode, the required
negative grid-bias voltage can be obtained by connecting the grid return to the
negative end of the resistance.

— B == Be
R = GRID~BIASING RES!STOR T=FILAMENT TRANSFORMER C=BY-PASS CONDENSER

Fig. 39
The size of the resistance for self-biasing a single tube can be determined from
the following formula:

. Desired grid — bias voltage X 1000
Resistan: hms) =
stance (ohms) Rated cathode current in milliamperes

Thus, the resistance required to produce 9 volts bias for a triode which operates at
3 milliamperes plate current is 9 X 1000/3=3000 ohms. If the cathode current of
more than one tube passes through the resistor, the size of the resistor will be
determined by the total current. As indicated above, for tetrodes, pentodes, or
beam power tubes, the cathode current is the sum of the screen and the plate current.
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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 automatic volume control (avc), from a
bleeder circuit by means of changes in bleeder cutrent caused by the avc 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 Pigs. 40 to 42.

VARIABLE

VARIABLE

B- A= A+ B+ B- B+

Fig. 40 Fig. 41

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen of a radio tube is usually obtained from a
tap on the B-supply. For screen grid types of the fourelectrode (or tetrode)
construction, the screen voltage should be obtained by connecting the screen either
directly 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 not usually be satisfactory because of screen-current variations.
Pentodes and beam power tubes, however, may utilize the series-resistor arrangement
because tubes having suppressor action provide greater uniformity of the screen-
current characteristic. Fig. 43 shows a pentode with screen voltage supplied through
a series resistor.

Fig. 43

Screen voltage variation for the r-f amplifier stages is sometimes used for
volume control of the receiver. Reduced screen voltage lowers the mutual con-
ductance 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 Pig. 44.

SHIELDING

In high-frequency stages having high gain, the output circuit of each stage
must be shielded from the input circuit of that stage. Each high-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce man harmful effects on
receiver performance. To prevent this feedback, it is a widely followed practice
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to shield separately each unit of the high-frequency stages. Por instance, in a
superheterodyne receiver, each i-f and r-f coil may be mounted in a separate shield
can. Baffle plates may be mounted on the ganged tuning condenser to shield each
section of the condenser from the other sections. The oscillator coil mlg be
especially well-shielded by being mounted under the chassis. T.he shielding
precautions required in a receiver depend on the design of the receiver and the
layout of the parts. However, in all receivers baving high-gain high-frequency
stages, it is necessary to shield separately each tube in the high-frequency stages.
V}’itil allf{)netal tubes, complete shielding of each tube is provided by the metal shell
of the tube.

FILTERS

Feed-back effects also are caused in radio receivers by coupling between stages
through common voltage-supply circuits. Filters find an important use in minimizing
such effects. They should be placed in voltage-supply leads to each tube in order
to return the signal current through a low-impedance path direct to the tube cathode
rather than by way of the voltage-supply circuit. Fig. 45 illustrates several forms
of filter circuits. In these, the condenser forms the low-impedance path, whﬂg the
choke or resistor assists in diverting the signal through the condenser by offering a
high-impedance to the power-supply circuit.

The choice between a resistor and a choke depends chiefly upon the permissible
d-c voltage drop through the filter. In circuits where the current is small (a few
milliamperes) resistors are practical; where the current is large, or regulation
important, chokes are more suitable.

b-C b-C b-C c-c
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD LEAD

R R L
Te Toomodl o Tl
TO CATHODE TC CATHODE TO CATHODE TO CATHODE

R=RESISTOR C=BY-PASS CONDENSER L=AF OR R-F CHOKE

Fig. 45

The minimum practical size of the condensers may be estimated in most cases
by the following rule: The impedance of the condensér at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than onetenth. Radio-frequency circuits, particularly at hbii(f
frequencies, require high-quality condensers. Mica condensers are preferable.
Where stage shields are employed, filters should be placed within the shield.

Another important application of filters is to smooth the output of a rectifier
tube. See RECTIFICATION. A smoothing filter usually consists of condensers
and iron-core chokes, as in Fig. 46. In any filter design problem, the load
impedance must be considered as an integral part of the filter because the load fs
an important factor in filter performance. Smoothing effect is obtained from
the chokes because they are in series with the load and offer a high impedance to
the ripple voltage. Smoothing effect is obtained from the condensers because they
are in parallel with the load and store energy on the voltage peaks; this energy fs
released on the voltage dips and serves to maintain the wvoltage at the
substantially constant.

Smoothing filters are classified as choke-input or condenser-input according to
whether a choke or condenser is placed next to the rectifier tube. See Fig. 46.
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The CIRCUIT SECTION gives a number of examples of rectifier circuits with
recommended filter constants.

CHOKE -INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER

L L L
FRom FROM FroM
M
RECTIFIER ¢ ¢ ovrPuT RECTIFIER T ¢ T outeut RECTIFIER . OuTPUT
TUBE TUBE TUBE
- - - * —0

L =FILTER CHOKE C=FILTER CONDENSER

Pig. 46

1f an input condenser is used, consideration must be given to the instantaneous
peak value of the a-c input voltage. This peak value is about 1.4 times the RMS
value as measured by an a-c voltmeter. Filter condensers, therefore, especially the
input condenser, should have a rating high enough to withstand the instantaneous
peak value, if breakdown 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.

OUTPUT-COUPLING DEVICES

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

PLATE
10
INPUT “ LOUDSPEAKER
oy CATHODE
TRANSFORMER METHOD CHOKE-COlL. METHOD

Pig. 47

Output-coupling devices are of two types, (1) choke-condenser and (2) trans-
former. 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 comstruction permits of designing each
winding to meet the requirements of its position in the circuit. Typical arrangements
of each type of coupling device are shown in Fig. 47. Examples of transformers
for pusohigull stages are shown in several of the circuits given in the CIRCUIT
SECTION.
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RCA RADIO TUBE CLASSIFICATIONS

The following table classifies RCA tubes according to their functions and
cathode voltages. It is intended to assist the tube user in identifying type numbers
and in choosing a tube type for an application. As new tubes have been made
available, the importance of certain earlier types for new equipment designs has
decreased. This decrease in importance to the designer is indicated in the table by
showing these types in small light face. The new All‘Metal types are identified by
large bold face.

Cathode Volts} 1.1 |15 2.0 2.5 133 5.0 6.3 75 [ 1961 25 [30

DIODES

Detector (twin) 6H6 _

Rectifier (half-wave)} T-v 81 1973

Rectifior (ol ! 5W4, 5.4, 573

ectifier (full-wave, vacuum) 80, 83-v 6X5, 84
Rectifier (full-wave, mercury) 82 83
2576

Rectifier-Doubler o575
TRIODES

Voltage amplifier (medium my) | 11,12]26|30 27,56 |'99/00-A, 01-A, 40 {6C5, 76, 37

Veltage amplifier (high mu) 6F5

Power amplifier 31 9A3, 45/20 71-A, 112-A 10, 50

Class B amplifier (twin) 19 53 6N7,646,79

Class B amplifier (dual grid) 49 46
TETRODES

Voltage amplifier (sharp cut-off) 32 24-A |29 36

Voltage amplifier {remote cut-off) 35

Power amplifier lag
BEAM POWER TUBES 6L6 25L6
PENTODES

Voliage amplifier (sharp cut-off) 1B4, 15 |57 6])7,6C6,77

Voltage amplifier (remote cut-off) 1A4, 34|58 36;(/1'46D6' 8

Power amplifir 174,33 |25 Y oFe 38, 41, 26
PENTAGRID CONVERTERS A6, 1C6| 9A7 6A8, AT
PENTAGRID MIXER 6L7
DUPLEX-DIODE TYPES

With medium-mu triode 1B5 /255{ 55 6R7, 85

With high my triode 2A6 6Q7, 75

With pentode 176 287 6B8, ¢B7
TRIODE-PENTODE 6F7
ELECTRON-RAY TUBES

With sharp cut-off tiode 6E5

With remote cut-off triode 6G5

KEY TO TERMINAL DESIGNATIONS OF SOCKETS

Alphabetical subscripts D, P, and T indicate, respectively, diode unit, pentode
unit, and triode unit in multi-unit types.

Numerical subscripts are used (1) in multi-grid types to indicate relative
gosition of grids to cathode or filament, and (2) in multi-unit types to differentiate
etween two identical electrodes which would otherwise have the same designation.

BP —Bayonet Pin H =Heater Pu-=Beam-Forming Plates
F =Filament K =Cathode S =Shell
6 =Grid NC=No Connection TA =Target

P =Plate

Bottom views of sockets are shown throughout this book.
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RCA-00-A

‘[ P G
< DETECTOR
% g
.§° ‘; The 00-A is a three-electrode o*o
< ¥ storage-battery tube of the gas-filled F F
J type for use as a sensitive grid-leak
detector.
113g MAX.~
RCA-01-A [
iA
DETECTOR, AMPLIFIER Z &
The 01 A is a three-electrode ?f_, T
storage-battery tube for use as a |
detector and as an amplifier. Base —{
connections are same as for the 00-A. U D
CHARACTERISTICS
00-A 01-A
PiLament Vortage (D. C)........ 5.0 5.0 Volts
PFILAMENT CURRENT ....eovuiveens 0.25 0.25 Ampere
PLATE VOLTAGE .....ccocvievinnnns 45 max. 90 135 max. Volts
GRID VOLTAGE .......ccvvvuueses . 0 -4.5 -9 Volts
PLATE CURRENT ...ovvcvvnrionnns 1.5 2.5 3.0 Milliamperes
PLATE RESISTANCE .....c.000inenen 30000 11000 10000 Ohms
AMPLIFICATION PACTOR ........... 20 8 8
TRANSCONDUCTANCE ...coveriasens 666 725 800 Micromhos
GRID-PLATE CAPACITANCE .......00. 8.5 8.1 uuf
GRID-FILAMENT CAPACITANCE ....... 3.2 3.1 nuf
PLATE-FILAMENT CAPACITANCE ..... 2.0 2.2 puf
BULB .....iiiiiiiiinnnanans S-14 ST-14
Base ...l . .Medium 4-Pin Bayonet Medium 4-Pin Bayonet

INSTALLATION AND APPLICATION

should be installed to hold the tube in a vertical position.

and condenser or with grid bias.

The base pins of the 00-A and 01-A fit the standard four-contact socket which

As a detector, the C1-A may be operated either with conventional grid leak
Por 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).

These two types are used principally for renewal purposes.
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e RCA-1A4

I SUPER-CONTROL R-F oI~
AMPLIFIER PENTODE

2

D

"
3l

‘k-ﬂ/aa—a
f—
le—— 3 Iy

The 1A4 is a super-control pentcde o*o
of the filament type. It is useful Fe £
as a radio- frequency amplifier or

intermediate - frequency amplifier in

battery-operated receivers. The 1A4,

although similar in application to type 34, is constructed in a smaller bulb and,
because of its less remote cut-off characteristic, requires less B-battery power.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C).ooviiiiiiiionn 2.0 Volts
FILAMENT CURRENT .ievtuvnnnncrnnenanannacsss 0.060 Ampere
PLATE VOLTAGE +.vvsunecacnsasns rerees 90 180 max. Volts
ScREEN VOLTAGE (Grid No. 2)........... 67.5 max. 67.5 max. Volts
Grip VOLTAGE (Grid No. 1)....vveans -3 min. -3 min. Volts
PLATE CURRENT «uvvvveveosancaancnnnna 2.2 2.3 Milliamperes
SCREEN CURRENT .-.vvivvnnnnnes e 0.9 0.8 Milliampere
PLATE RESISTANCE (ApPProX.)e.ceseaceecnn 0.6 1.0 Megohm
AMPLIFICATION FACTOR .......... eeaens 425 750
TRANSCONDUCTANCE ¢+ vvvvnna cerensinnoe 720 750 Micromhos
TRANSCONDUCTANCE (At —15 volts bias)... 15 15 Micromhos
GRID-PLATE CApaciTANCE (With shield-can) 0.007 max. nuf
INPUT CAPACITANCE ....c..us teveniaaas 5 upf
OUTPUT CAPACITANCE .....v0s00 ceeaanen 11 muf
BULB tvvivnveveetanneaeessssnsansnesosnassossssnenns ST-12
07 T Small Metal
BASE ittt it i ettt i Small 4-Pin

INSTALLATION AND APPLICATION
For INSTALLATION and APPLICATION, refer to type 34.

AVERAGE PLATE CHARACTERISTICS

1 T T T :
TYPE |AQ4
| Eg=2.0 VOLTS D.C.
SCREEN VOLTS =67.5
-
&
:5 CONTROL-GR!D OLTS €¢1=9
I—
N I JE—— .
39—/
—
s ;——'_—-—'
= / /—\ .
w1
< —
Z / LA
’ =4
f .
. -5
I =7
f el

240 320
PLATE VOLTS 92C— 4652
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RCA-1A6 o

& uv ,e o4
: S PENTAGRID CONVERTER , /fE=lX..,
o = Gs
K N The 1A6 is a multi-electrode type A

of vacuum tube designed to perform OO

simultaneously the function of a F %
3 ]]U [IU mixer tube and of an oscillator tube

in superheterodyne circuits. Through

its use, the independent control of each function is made possible within a single
tube. The 1A6 is designed especially for use in battery-operated receivers. In such
service, this tube replaces the two tubes required in conventional circuits and gives
improved performance. For general discussion of pentagrid types, see Frequency

Conversion, page 31.

CHARACTERISTICS

FiLaMenT VoLtace (D. C)....... Ceeieiaeeaaas
FILAMENT CURRENT ....coectecccnacvossannases

DirecT INTERELECTRODE CAPACITANCES (Approx.)

Grid No. 4 to Plate (With shield-can)...........
Grid No. 4 to Grid No. 2 (With shield-can)......
Grid No. 4 to Grid No. 1 (With shield-can)......
Grid No. 1 to Grid No. 2...iveeiieineninannnn
Grid No. 4 to All Other Electrodes (R-F Input)...
Grid No. 2 to All Other Electrodes (Osc. Qutput).
Grid No. 1 to All Other Electrodes (Osc. Input)..
Plate to All Other Electrodes (Mixer Output).....
BULB i tiet it aieintaeensrasaassconsssansns

PILATE VOLTAGE +cvvvvecroncinconsansscsannnoss
ScrFEN VOLTAGE (Grids No. 3and 5)....c.oantns
A~ape-GRID VOLTAGE (Grid No. 2) .eeeeenncnna-n
AnonE-GRID VOLTAGE SuUPPLY*..... eeenessecannn
Co~TROL-GRID VOLTAGE (Grid No. 4).............
TroraL CATHODE CURRENT.....cceovecncareannsss

Typical. OPERATION

Plate Voltage ..veeeeneen. teseaueiinan 135
Screen VOItage «.vvrvevrocscnccscnccns 67.5
Anode-Grid Voltage ..cccevecececcnnns 135
Anode-Grid Voltage Supply....coaveenn. 135

Control-Grid Voltage ...... e

Anode-Grid Current .......
Okcillator-Grid Current .......
Total Cathode Current........
Plate Resistance ....... ceescesersccees
Conversion Conductance .......coceees. 27
Conversion Conductance (At —22.5 volts

on Grid No. 4) .. ..cieeiiserecnnnnses

vevessaa -3
Oscillator-Grid Resistor (Grid No. 1)..... 50000
Plate Current ....... teeesssessaacanes 1.2
Screen Current ....ceaeevesacocsnncens 2.5

180 max.
67.5 max.
135 max.
180 max.
-3 min.
9 max.

180
67.5
135
180*
-3
50000
1.3

Lomowws
O WA

4

ST-12
Small Metal
Small 6-Pin

Volts
Volts
Volts
Volts
Volts
Milliamperes

Volts

Volts

Volts

Volts

Volts

Ohms
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes
Megohm
Micromhos

Micromhos

* Applied through 20000-chm dropping resistor, by-passed by 0.1 uf condenser.

The transconductance of the oscillator portion (not oscillating) of the 1A6 is 425 micromhos under
the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-grid voltage
(no voltage-dropping resistor), 135 volts; and zero oscillator grid volts. Under these same conditions

the anode-grid current is 2.3 milliamperes.
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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 hold 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 battery. 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 from an air-cell battery requires a
fixed resistor in the filament circuit. This resistor should have a value such that
with 2 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 1A6 with those of other two-volt battery
types is permissible provided certain precautions are observed. It is essential that
shunt resistors be employed across certain fifaments to carry the plate current
returning from other tubes through these filaments. The shunt resistors should be
adjusted to maintain the filament voltage of each tube at its rated value of 2.0 volts
under operating conditions. It is obvious that the shunt resistor can also be used
to adjust for a difference in filament current ratings. Series-parallel operation of
two-volt types is not recommended because failure of one tube may cause excessive
voltage across other tubes. Socket terminal No. 1 (see socket connections) should
be connected to the positive battery terminal.

Complete shielding of the 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 information
is given under CHARACTERISTICS. It is important to note that the anode-gnd
voltage and the plate voltage must each be higher than the screen voltage.

For the oscillator circuit, the ccils may be constructed according to conventional
design, since the tube is not particularly critical for frequencies up to 10 megacycles.
For higher frequencies the 1C6 should be used. However, it should be noted that
the 1C6 requires additional filament current. The voltage applied to the anode-grid
(No. 2) of the 1A6 should not exceed the maximum value of 135 volts, but should
always be higher than the screen (grids No. 3 and No. 5) voltage. The anode-grid
voltage 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 pf. 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 voltage 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
9 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 (grids No. 3 and No. 5), the bias voltage 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 com-
bination with the similar characteristics 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
capacity 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 built up across the foad. If
this is not done, r-f voltage feed-back will occur between 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 uuf.

Converter circuits employing the 1A6 may easily be designed to have a trans
lation gain of approximately 40. A typical circuit which provides exceptionally
uniform oscillator output over the entire grid-bias range is shown under type 1C6.
For details of oscillator coil assemblies, refer to type 2A7
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RCA-1B4

R-F AMPLIFIER PENTODE

The 1B4 is a pentode of the fila-
ment type. It is recommended for

use primarily as a radio - frequency £+

amplifier or detector in battery-oper-

ated receivers. The 1B4 is similar
in application to type 32 but .is constructed in a smaller bulb.

CHARACTERISTICS

FiLamMeENT VoLTaGeE (D. C.)...... e iereae e 2.0
FILAMENT CUBRENT +.tiivcvncrosocccsasserenns 0.060
PLATE VOLTAGE ...vivevnvocsonsanseces. 90 180 max.
ScREEN VOLTAGE (Grid No. 2)........... 67.5 max. 67.5 max.
GRID VoLTAGE (Grid No. 1)...cvveeenn... -3 -3
PLATE CUBRRENT ...vevevencvncncncenens 1.6 1.7
SCREEN CURRENT ......... cesana v 0.7 0.6
PLATE RESISTANCE ....... seesesancenaes 1 1.5
AMPLIFICATION PactoR ........ PP 550 1000
TRANSCONDUCTANCE +vcvven... ceemertens 600 650
GRID VOLTAGE* (APpProx.)........eeeuun. -8 -8
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max.
INPUT CAPACITANCE ............. e 5
OUTPUT CAPACITANCE ...vevvrvnnnnenen. 11
BULB i e e
G o e e
Base

* For plate current cut-off.

INSTALLATION AND APPLICATION
For INSTALLATION, refer to type 34; for APPLICATION, refer to type 32.

AVERAGE PLATE CHARACTERISTICS

Volts
Ampere
Volts

Volts

Volts
Milliamperes
Milliampere
Megohms

Micromhos
Volts

Small Metal
Small 4-Pin

T T T T
TypE {B4
i € £=2.0 VOLTS D.C.

SCRIEN VOLTS =67.5

a CONTROL

~GRY

D VOLTS E

ci=0| |

3

PLATE MILLIAMPERES

-
W

/|

v

Ec

-6

-7

200
PLATE VOLTS
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RCA-1B5/25S

DUPLEX-DIODE TRIODE

The 1B5/25S is a filament type of
tube containing two diodes and a
triode in a single bulb. It is recom-
mended for use as a combined
detector, amplifier, and automatic-
volume-contro! tube in battery-operated receivers. For diode-detector considerations,
refer to page 26.

3% g MAX.

‘-—— a2 MAX.
i

CHARACTERISTICS
FiLaMENT VOLTAGE (D. C.).oioiiiiiiiiiien, 2.0 Volts
FILAMENT CURRENT +.vvveutnnruneriunnnaannnns 0.06 Ampere
GRID-TRIODE PLATE CAPACITANCE. ................ 3.6 puuf
GRID-FILAMENT CAPACITANCE . ....o.vcnnniiiunnns 1.6 papf
TRrRIODE PLATE-FILAMENT CAPACITANCE........0vu-n. 1.9 pupf
BULB ot i it ittt ittt e et e e ST-12
BASE ittt et e e eieaa e Small 6-Pin
Triode Unit—As Class Ay Amplifier
PLATE VOLTAGE .+t v iieeviaeemnnsanaconrsnenins 139 max.  Volts
GRID VOLTAGE vt e svnseneuonanonnunnnunennnn -3 Volts
PLATE CURRENT 4tvvvverntinnannenenounennas C.8 Milliampere
PLATE RESISTANCE .. vvivieiiinnnininnnnnann 35000 Ohms
AMPLIFICATION FACTOR ..................... ... 20
TRANSCONDUCTANCE .t e ot ttineneannnannnnns 575 Micromhos
Diode Units

The two diodes and the triode are independent of each other except for the
common filament. Diode plate No. 1 is located at the negative end of the filament;
diode plate No. 2 is located at the positive end. Because of this arrangement, diode
plate No. 1, when the diodes are used for different purposes, should be used for
detection to avoid signal delay effects. Operation curves for the diode units are
given under type 6B7.

INSTALLATION AND APPLICATION
The base pins of the 1B5/25S require the use of a standard six-contact socket
which should be installed to hold the tube in a vertical position.
For filament operation and shielding, refer to type LA6.
The 1B5/25S is similar in application to the type 6R7.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T
TYPE 1B5/25S
Ef =2.0 VOLTS O.C.

SRR RAVINE
AR NNANTES
ARNAVINNAVAVIN EN

~/a

ARV [/ l
N AV VA2

150 200 250 300 350
PLATE VOLTS 92C-4416
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] RCA-1Cé

& w
H N PENTAGRID CONVERTER
‘ag, =
H ? The 1C6 is a multi-electrode type
of vacuum tube designed to perform
simultaneously the function of a
U[' m mixer tube and of an oscillator tube

in superheterodyne circuits. Through
its use, the independent control of each function is made possible within a single
tube. The 1C6 is designed especially for use in battery-operated receivers. In such
service, this tube replaces the two tubes required in conventional circuits and gives
improved performance. It is especially useful in multirange receivers which are

often designed to cover frequencies as hiéh as 20 megacyc
ONVERSI%)R

les. For general discussion

of pentagrid types, see FREQUENCY page 31.
CHARACTERISTICS
FiLaMeENT VoLtace (D. C)....... Cierecssaaenan 2.0 Volts
FILAMENT CURRENT «vevcossvesancsaneoasssaase 0.120 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No. 4 to Plate (With shield-can)...... vesne 0.3 uut
Grid No. 4 to Grid No. 2 (With shield-can)...... 0.3 upuf
Grid No. 4 to Grid No. 1 (With shield-can)...... 0.15 uuf
Grid No. 1 to Grid No. 2..00vieevecnvecnsaanns 1.5 puf
Grid No. 4 to All Other Electrodes (R-F Input)... 10 puf
Grid No. 2 to All Other Electrodes (Osc. Output). 6 puf
Grid No. 1 to All Other Electrodes (Osc. Input).. 6 nuf
Plate to All Other Electrodes (Mixer Output)..... 10 puf
BULB ....iiiivieeiienssnccnsans soessesercssrecesanne ST-12
CAP ot iiiiiinionninsrenesnanne erseens ceesaesacaannn Small Metal
BASE «.viiiiienciiinnescnnans erestassarsesenonasen Small 6-Pin
Converter Service
PLATE VOLTAGE «vovineeenen seeessienas e 180 max.  Volts
SCREEN VOLTAGE (Grids No. 3 and ¥)............. 67.5 max. Volts
ANODE-GRID VOLTAGE (Grid No. 2)....ivvnvenenn. 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*.....ccc0vvnernnn. 180 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4)............. -3 min. Volts
TOTAL CATHODE CURRENT....0cecevesasvcnnases 9 max. Milliamperes
TyricAr. OPERATION
Plate Voltage .........c..0tn ceaniaas 13% 180 Volts
Screen Voltage ........c00nuns caeeanen 61.5 67.5 Volts
Anode-Grid Voltage Supply....ccecvenes 135%  180* Volts
Control-Grid Voltage ...ecesceenscases -3 -3 Volts
Oscillator Grid-Resistor (Grid No. 1)...... 50000 50000 Ohms
Plate Current .....cvvvenns chesreasane 1.3 1.5 Milliamperes
Screen Current (Approximate) .... 2 2 Milliamperes
Ancde-Grid Current .......... cen 2.6 3.3 Milliamperes
Oscillator-Grid Current .......... e 0.2 0.2 Milliampere
"Total Cathode Current (Approx.)....... 6.5 7 Milliamperes
Plate Resistance ....... sesiavsaasevane 0.5% 0.75 Megohm
Conversion Conductance «....ocuerssoss 300 325 Micromhos
Conversion Conductance (At —14
volts on Grid No. 4).eececncsccncess 4 4 Micromhos

The transconductance of the oscillator portion (mot oscillating) of the 1C6 is 1000 micromhos
under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-grid
voltage (no voltage-dropping resistor), 135 volts; and xero oscillator grid volta. Under these same

® Applied through 20000-ohm dropping resistor, bpp.ued by 0.1 uf condenser.

conditions, the anode-grid current is 4.9
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INSTALLATION
Refer to INSTALLATION on type 1AS.

APPLICATION

As a frequency converter in superheterodyne circuits, the 1C6 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. It is important to note that the anode-grid
voltage and the plate voltage must each be higher than the screen voltage.

For oscillator circuit information, refer to APPLICATION on type 1A6.
Pinal adjustment of the 1C6 circuit should be such that the cathode current is
approximately 6.5 milliamperes. The cathode current should never exceed 9
milliamperes under any condition of adjustment.

This tube, which is similar to the 1A6 although not directly interchangeable
with it, requires twice the filament current of the latter, but offers the feature of
an extended operating range at the higher frequencies. This feature is of particular
value in the design of multi-range receivers, since the oscillator section of the 1C6
has sufficient mutual conductance to function at frequencies as high as 25 megacycles.
In order to cover this same range of operation, the 1A6 requires the use of a triode
connected in parallel with the oscillator section for frequencies above 10 megacycles.

The maximum conversion transconductance is obtained with an oscillator-grid
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of
the oscillator-grid and plate coils will determine this value. The coupling of these
coils should be adjusted to make the oscillator-grid current the proper value
(approximately 0.2 milliampere) when a grid condenser of 250 uuf and a grid leak
of 50000 ohms are used. For details of oscillator-coil assemblies, refer to type 2AT.

OPERATION CHARACTEWST‘CS TYPICAL PENTAGRID CONVERTER CIRCUT

TYPE 1IC6
k=20 LTS DC. R-F INPUT TYPE 1A6 OR IC§

N2 IANSS)VOLTS = 67.5

asCILL ATOR GRID (GRIDN21) RESLSTOR-OHMS=50000

JOSCILLATOR GRID CURRENT -MILLIAMPERES=0.2 2
20T ¥ 500 &
o 2017 Y &
£ 1 1 b
2 1 B 1A 2 S
M i) / [
Tl Al e oot
28 \ =
& jZlagg \ H
o f oy \ s, ]
88 g \ /Al L,
2 9| =
7 = 5
% 1§ 3 \ SN ANCDEGRD  FILSCREEN PLATE
g § g ) o tias SRR surhty Spey Sumy
cosld g oot
| e / z soipur
; 3 Mé N % %_}wceo VARIABLE CONDENSERS
28 \ PADDING CONDENSER
| & / \ g 4= GRID CONDENSER OF 200 ulIf
aaldl 4 oo GRID INDUCTANCE Vo0 e

=l 8 - 8 h&—oscu.urown. ot NBUCTANEE!

o2 y = MUTUAL NDUCTANCE GF L) AND L2

EHE — R|= OSCILLATOR GRID LEAK

c!

= - 4
CONTROL- GRID (GRID H24) VOLTS
92C-5831R1
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RCA-I1F4

POWER AMPLIFIER
PENTODE

The 1F4 is a power-amplifier pen-
tode for use in the output stage of
battery-operated receivers. This tube
has low filament- and plate-current
requirements, high power sensitivity,

and will deliver a considerable amount of audio output with low distortion.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).vvviivniiiinnnnns 2.0 Volts
FILAMENT CURRENT ...oivtnnorennnrroennarens 0.12 Ampere
PLATE VOLTAGE «evvvuverrenncnnnoonnenns 90 135 max. Volts
ScREEN VOLTAGE (Grid No. 2)........... 90 135 max. Volts
GRID VOLTAGE (Grid No. 1).....ccenvints -3 —4.5 Volts
PLATE CURRENT ...vvvvvuinnrnnnroncnnes 4 8 Milliamperes
SCREEN CURRENT . ..vovivvrnvannnnnnnnns 1.3 2.6 Milliamperes
PLATE RESISTANCE ........cvveninennnnnn 240000 200000 Ohms
AMPLIFICATION FACTOR ................. 340 340
TRANSCONDUCTANCE «eevvivoaonsonnenenn 1400 1700 Micromhos
LOAD RESISTANCE .. ... vvveoecncnoannansn 20000 16000 Ohms
SELF-BIAS RESISTOR .....covvevinonernnns 566 425 Ohms
PoweR OUTPUT* ..., iiivinunnrnncnnnn 120 340 Milliwatts
BULB vt tiiiiei i iistnaerasonssansannssssenscasannnnns ST-14
BASE it ittt ittt e Medium 5-Pin

* 5% total harmonic distortion,

INSTALLATION AND APPLICATION

For INSTALLATION and APPLICATION, refer to type 33.

AVERAGE PLATE CHARACTERISTICS

T T ;
TYPE {f4
|— E4=2.0 vOLTS D.C.
SCREEN VOLTS =135
20
£ci 20
4 crip |voLTs Fol s
4 ="
w . —1
8 ot 1.5
R |

a =]
3 J S o
2 / 7 -3.0
2 A / e
w 0]
o Yy A —a.5
b -
a T

7 -

/ Egy=6:0
" Pl
7.5
P
~9.0
T
- -i0.5
+
° 50 00 50 250 300 356 r

200
PLATE VOLTS
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RCA-IFé

DUPLEX-DIODE PENTODE

The 1F6 is a duplex-diode pentode
consisting of two diodes and a pen-
tode in a single bulb. It is recom-
U[l[m mended for service as a combined

detector, amplifier (radio-frequency,
intermediate-frequency or audio-frequency), and automatic-volume-control tube in
battery-operated receivers. For diode-detector considerations, refer to page 26.

CHARACTERISTICS

33l

» ,,
I‘—" N4l

FILAMENT VOLTAGE (D. C) .ot 2.0 Volts

FILAMENT CURRENT 1evennnn eonenrvnsanns 0.06 Ampere

GRI>-PENTODE PLATE CAPACITANCE (With shield-can)  0.007 max.  paf

INPUT CAPACITANGCE +.vvvvenvnrvonnenasoanennns 4 puuf

OUTPUT CAPACITANCE «vvvvnvvvnronsooncnnsonnn 9 puf

BULB o vvevtevuemenansosesssneonneansonsssnuetsaneens S§T-12

CAP + e e tetas e eeenesnsanatessonncsensnoeanosnnanns Small Metal

BASE o eeveseinetennensanaenaannesaasastanaannsanens Small 6-Pin

Pentode Unit—As Class A R-F or I-F Amplifier

PLATE VOLTAGE «1vvvvrrencnsorosannecnsonncnns 180 max.  Volts

ScrREEN VOLTAGE (Grid No. 2)....coivenivnnnnn 67.5 max.  Volts

GrID VOLTAGE (Grid Na. 1)..oooveiiiinnn ot -1.5 Volts

PLATE CURRENT «vveecraroooasnaneasceeacncrsnns 2.0 Milliamperes

SCREEN CURRENT «evevvivnonrrnsnnrcancanonens 0.6 Milliampere

PLATE RESISTANCE (ApPPIOX.) e vevvwnrvorrovnsnnn 1 Megohm

AMPLIFICATION FACTOR (Approx.)................ 650

TRANSCONDUCTANGE + s avuvesvosanarcocrnnssenan 659 Micromhos

TRANSCONDUCTANCE (At —12 volts bias)*......... 15 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier

PLATE-SUPPLY VOLTAGE .........-. 135 135 Volts

SCREEN-SUPPLY VOLTAGE ......... 135 135 Volts

D-C GRID VOLTAGE. . . .vvvvacanvas -1.0 -2.0 Volts

Peak A-F GRID VOLTAGE.......... 0.64 0.62 Volt

ZERO-SIGNAL D-C PLATE CURRENT.. 0.42 0.42 Milliampere

Max.-Si6NaL D-C PraTe CURRENT.. 0.34 0.34 Milliampere

PLATE RESISTOR ....ocvvevnnvnnns . 0.2% 0.2% Megohm

SCREEN RESISTOR . ..vvivnrnnnnenns 1 0.8 Megobm

LOAD RESISTANCE +.cvvvnrenonnsans ** **

GRID RESISTORT ............ 1.0 05 1.0 0.5 Megohm

VOLTAGE AMPLIFICATION .... 48 43 46 41

TotaL HarMoONIC DISTORTION. 5 5 5 5 Per cent

PeAR VoLTacE OUTPUT...... 30.8 28 28 25.2 Volts

** The load resistance across which the output voltage is developed, consists of the plate resistor,
¢:ouplm§~= condenser, and grid resistor of the following tube.
§ For the following tube. * For cathode current cut-off.
Diode Units
The two diodes and the pentode are independent of each other except for the
common filament. The two diode units are placed at the negative end of the
filament. Operation curves for diode units are given under type 6B7.

INSTALLATION AND APPLICATION

Refer to INSTALLATION of type 1A6. The 1F6 is similar in application to
type 6B8. The maximum value of resistance in the grid circuit of this tube should
not exceed 1.0 megohm for any condition of operation. A family of plate charac-
teristic curves is given on page 61.

— 49 —



T
RCA-I-v

] e HALF-WAVE RECTIFIER

28 ‘0

) The 1-v is a half-wave, high- N
vacuum rectifier tube employing a H H
heater cathode. It is intended for

U use in radio equipment of either the

“universal” or the automobile type

designed for its characteristics. The low voltage drop of this tube makes it uniquely
adapted to such service. The 1-v is interchangeable with type 1.

CHARACTERISTICS

HEeATER VOLTAGE (A. C.or D. C).vvvivniinnnnnn 6.3 Volts
HEATER CURRENT ....ovvvvnnnnn cesriae ceecenns 0.3 Ampere
A-C PLATE VOLTAGE (RMS)...eiivvinrvnaannsas 350 max. Volts

PEAR INVERSE VOLTAGE......0cevvereeoscasases 1000 max. Volts

D-C OutPUT CURRENT.......... Ceeraesneranaas 50 max.  Milliamperes
BULB 1 titiieiiiiiiiiniiiinerincennsttnnasaaraasasanas ST-12

BASE i i i i ittt i aneaa Small 4-Pin

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

For heater operation, refer to type 6A8. The d-c potential between heater
and cathode should never exceed 500 volts.

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.

If the condenser-input type of filter is used, OPERATION CHARACTERISTICS
consideration must be given to the instantaneous | E‘fgi: vlo-iTs '
peak value of the a-c input voltage which, for a FILTER CONDENSER=C
sinusoidal wave, is about 1.4 times the RMS value zs
as measured with an a-c voltmeter. It is important, ¥ S E_mn:;rmgo =
therefore, that the filter condensers (especially the = a4 Ri>350 —
input condenser) have a sufficiently high breakdown E Q\':'\_‘fi |
rating to withstand this instantaneous peak value. EZ, ':5{?300 ||
Particular attention must be given to this point ; %>250 n
when the waveshape input to the plates of the NS
rectifier tube is non-sinusoidal. g Lef>200 —
When the input-choke method is used, the :n’; Ro——lC=ts p
available d-c output voltage will be somewhat lower 3 N\ | T > o
than with the input-condenser method for a given s Vorrsmie |
a-c plate voltage. However, improved regulation,

. . . D-C LOAD MILLAMPERES
together with lower peak current, will be obtained. 92c-5362
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RCA-2A3

3 Z POWER AMPLIFIER ® o)
H s TRIODE
1 The 2A3 is a three-electrode, high- 0*0

vacuum type of power amplifier tube
for use in the power-output stage of
a-c operated receivers. The excep-
] tionally large power-handling ability
of the 2A3 is the result of its design features. Among these are its extremely high
transconductance and its large effective cathode area.

CHARACTERISTICS
FiLaMENT VOLTAGE (A. C.or D. () .veeinnnnnnn. 2.5 Volts
FILAMENT CURRENT ...vvveocevens ceereisnennan 2.5 Amperes
GRID-PLATE CAPACITANCE v tnevsarccsnnnsnnnns 16.5 punt
GRID-FILAMENT CAPACITANCE .. vvcorocesannannnn 7.5 upf
PLATE-FILAMENT CAPACITANCE ...cavcvconcnsonns 5.5 ppf
BULB v veossesasncenessseassanassssscsssserenonancss ST-16
BASE «vvrvrrvnnsocsocecaassassasnanarasnsssoscunsans Medium 4-Pin
As Single-Tube Class A1 Amplifier
FiLaMENT VOLTAGE (A. C).vviveiniiiinn 2.5 Volts
PLATE VOLTAGE .+ evvvvencnunnssnsanacenecocnens 250 max. Volts
GRID VOLTAGE* .. ...ievunnneonns e aaaa —45 Volts
PLATE CURRENT tvvvrvnnnooanosonsenvnsnnnsnas 60 Milliamperes
PLATE RESISTANCE +i.iivvncvninnnencnnrnsaenes 800 Obms
AMPLIFICATION FACTOR ........ccveiiucanassnnee 4.2
TRANSCONDUCTANCE ... vuerrosonanneennnaecsnns 5250 Micromhos
LOAD RESISTANGE +ovvvvvvracernsnacnonnenenrsns 2500 Ohms
SELF-BIAS RESISTOR ...0vvverucurannrnenninnanns 750 Ohms
UNDISTORTED POWER OQUTPUT. .. vuvneaererannsns 3.5 Watts
As Push-Pull Class AB; Amplifier (Two Tubes)
Fixed Bias Self-Bias
FILAMENT VOLTAGE (A. C.)....cevevvnntn 2.5 2.5 Volts
PLATE VOLTAGE (Maximum).....coevuvvnn 300 300 Volts
GRID VOLTAGE® ....00 seccccccnsacceens —62 — Volis
SELF-BIAS RESISTOR .0cvevevenns eerianan — 780 Ohms
ZEeRrO-SIGNAL PLATE CURRENT (Per tube)... 40 40 Milliamperes
ErrecTIiVE Loap ResisTANCE (Plate-to-plate) 3000 5000 Ohms
ToTAL HARMONIC DISTORTION. .0 cenreasns 25 5 Per cent
POWER OUTPUT .vvveseesss sesesesanens 15 10 Waits

® Grid volts measured from mid-point of' ;—c operated filament.

INSTALLATION

The base pins of the 2A3 fit the standard four-contact socket which may be
installed 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.
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APPLICATION

As a power amplifier (Class A;), the 2A3 is usable either singly or in push-
pull combination in the power-output stage of a-c receivers. Recommended
operating conditions are given under CHARACTERISTICS.

The values recommended for push-pull operation are different than the
conventional ones usually given on the basis of characteristics for a single tube.
The values shown for Push-Pull Class AB; 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 input signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The self-bias resistor
should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the self-bias resistor.

When 2A3's are operated in push-pull, it is desirable to provide means for
adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes—5250 micromhos. This very high
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small
bias-voltage change produces a very large change in plate current. It is obvious,
therefore, that the difference in plate current between two tubes may be sufficient
to unbalance the system seriously. To avoid this possibility, simple methods of
independent self-bias adjustment may be used, such as (1) input transformer with
two independent secendary windings, or (2) filament transformer with two
independent filament windings. With either of these methods, each tube can be
biased separately so as to obtain circuit balance.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformers or
tmpedances 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 50000 ohms.

AVERAGE PLATE CHARACTERISTICS

TYPE 2A3
€ 4=2.5 YOLTS D/

o1
f
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M~—daso
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PLATE VOLTS 92C~5233R1
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r.a,,;m_x.__ ] RCA-2Ab5

S —

POWER AMPLIFIER 4 )
PENTODE S s

b
The 2A5 is a heater-cathode type Onu©O
of power-amplifier pentode for use in H H
- the audio-output stage of a-c receiv-
m ers. It is capable of giving large

power output with a relatively small
input-signal voltage. Because of the heater-cathode comstruction, a uniformly low
hum-level is attainable in power-amplifier design.

CHARACTERISTICS

HEATER VOLTAGE (A. C.orD. C). ..ot 2.5 Volts
HEATER CURRENT .evcvcoraneronnasossansonsnss 1.75 Amperes
BULB . eetesnsneananeresssnenanssnsassnnenasasnsons ST-14
BASE + oot eensnseassaansssaasnsnssass i annrenanns Medium 6-Pin

Other characteristics of this type are the same as for type 42.

INSTALLATION

The base pins of the 2A5 fit the standard six-contact socket which may be
installed 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
supplying the heater circuit should be designed to operate the heater at this
recommended value for fullload operating conditions at average line voltage.

The cathode should preferably be connected directly to 2 mid-tap on the
heater winding or to a center-tapped resistor across the heater winding. If this
ractice is not followed, the potential difference between heater and cathode should

kept as low as possible.

APPLICATION

Refer to APPLICATION on type 6F6. Additional curve information is
given under type 42.

AVERAGE CHARACTERISTICS

[ 3

T T T T
TYPE 42 TYPE 2AS
E¢=63 VOLTS E¢=2.5 VOLTS

2’ 7 / '
) A A AAS LY
€
TR AL
2]

BB ER A
g S S
i‘ / / //// 7//
ARV .V
| AN Mestsdos piom e

B Pt

L AT o~ d 22
ot 60 e — o 8%
PLATE AND SCREEN VOLTS 92C—-5%232
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RCA-2A6

DUPLEX-DIODE R
HIGH-MU TRIODE e@o

The 2A6 is a heater type of tube <N
consisting of two diodes and a high- H ©,
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. For diode-detector considerations,
refer to page 26.

4% Tyg————»
|

s —o

—

CHARACTERISTICS

HEeaTER VOLTAGE (A. C.or D.C)......oivinnnty 2.5 Volts
HEATER CURRENT +oivevvnrensnossroanssasnnsen 0.8 Ampere
3 5 2 T ST-12
07N Small Metal
BASE .ttt iite ettt et a e Small 6-Pin

Other characteristics of this type are the same as for the type 75.

INSTALLATION

The base pins of the 2A6 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 ae for the 2A%.

APPLICATION
Refer to APPLICATION on the type 75.

AVERAGE PLATE CHARACTERISTICS

TRIODE UNIT
S T T T T
v TYPE 75 TYPE 2A6
& o E$=63 VOLTS E422.5 VOLTS
val sl of /
. 2 Ny ) o) o
9 N < N By “
K / / ),
. \do /
: 3 z 1%, '
&
" o ‘¢:> (X 2
W = D o~
€10 7 X /
a
s N ~
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<
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) RCA-2A7

PENTAGRID CONVYERTER

The 2A7 is a multi-electrode type
of vacuum tube designed to perform
simultaneously the functions of a
ﬂ]][]‘lﬂ mixer (first detector) tube and of
; an oscillator tube in superheterodyne
circuits. 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. For general discussion of pentagrid
types, see FREQUENCY CONVERSION, page 31.

. .
a%5—a'%

l>—-—3 %LBVZ.———’I

CHARACTERISTICS

HEeATER VOLTAGE (A. C.or D.C).vevvvvnninn.n
HEATER CURRENT ...vivciuanuonnnnncnonnnannns
Other characteristics of this type are the same as for type 6A7.

2.5 Volts
0.8 Ampere

INSTALLATION AND APPLICATION

The base pins of the 2A7 fit 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 the type 2A3. Complete shielding of
the 2A7 is generally necessary to prevent intercoupling between its circuit and the
circuits of other stages. Refer to APPLICATION on type 6A8.

Since the capacity between grid No. 4 and plate is in a parallel path with the capacity 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 built up across the load. If this is not done, r-f voltage feed-back will

occur between plate and grid No. 4 to produce degenerative effects. For this reason, the sizé of the
load condenser in the plate circuit should be not less than 50 puf.

TYPICAL PENTAGRID CONVERTER CIRCUIT

L TYPES 2A7 & 8AT C = GANGED TUNING GCONDENSER
# 1-r (40 TO 380 PUF)
OUTPUT €),€2:€5:C5:C7 = O PF

€3= 0.00025 Bf

€45 SEE TABLE BELOW

R} = 250000 OHMS, 0.TWATT

R2= 10000-50000 OHMS, .| WATT

Ry = OSCILLATOR-ANODE (GRID N22)
VOLTAGE ~DROPPING RESISTOR

R4= 150-300 OHMS, 0. WATT

Rs, = SCREEN(GRIDS N¢ 38 5)F LTER RESISTOR

L = §0-MHLIHENRY R-F CHOKE

T = 465-KC I-F TRANSFORMER

GRID N2 2 GRIDS NE3a5 PLATE

GRID N2 4
BIAS SUPPLY  SUPPLY SUPPLY  SUPPLY
COIL-DESIGN DETAILS
PRt " [l01s 10 040 055 TO LS 1570 40 | 40T010 | 10 TO 25
ASSEMBLY Ne | |
[TURNS|WIRE % [TURNS[WIRE
R-F coi. (L}) 422 136 SSE| 116 |30SSE
0sc. GRiID coiL (L2) || 198 [36SSE! 80 ;30 SSE
oSC. PLATE COb (La)il 60 [36SSE| 30 |30SSE
_TRACKING CONO. (! N7 UUF 400 BPf 1070 Upf | 2900 LUF 7300 UUF

Ne}

Ne 2

Ne 3

MULTI-LAYER COILS

SINGLE-LATER COLS

SINGLE -LAYER COMLS

F Lt |

CATHODE
GRID N2

B+

h‘ l
" il .
008 —f ._|,32
o
e ]
GRID N2

% [ R

GRID N*I"cATHODE “BY

GRID N22
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RCA-2B7

DUPLEX-DIODE PENTODE

The 2B7 is a heater type of tube
consisting of two diodes and a pen-
! tode in a single bulb. It is recom-
LMUU.” mended for service as a combined

! detector, amplifier (radio-frequency,
intermediate-frequency or audio-frequency), and automatic-volume-control tube in
radio receivers. The 2B7 is intended especially for use in a-c receivers having
2.5-volt heater supply. For diode-detector considerations, refer to page 26.

CHARACTERISTICS
HeaTeR VOLTAGE (A. C.or D.C)............... 2.5 Valts
HEATER CURRENT .. ivviiinnniienenreenennnnnn. 0.8 Ampere
BULB it e e e e ST-12
7 P P Small Metal
BASE . e e e e e Small 7-Pin

Other characteristics of this type are the same as for type 6B7.

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
the diode units are given under type 6B7.

INSTALLATION AND APPLICATION

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

Por heater operation and cathode connection, refer to type 2AS5.

Complete shielding of detector circuits employing the 2B7 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and the circuits of other
stages.

Refer to APPLICATION on type 6B8. Typical duplex-diode pentode circuits
are shown under type 6B7.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

TYPE 287 T - SEETo
Eg=25 VOLTS l cleTR’:L GRJID VO ]

9| SCREEN VOLTS=100 TVPE'GB7
E¢=63 VOLTS
SCREEN VOLTS=100, =

=2

NN

o

—\\\

\
\

»

"
AN

&

PLATE MILLIAMPERES
&
3

~7

nN

—8
-9
p— =10

300 400

200
PLATE VOLTS 92¢c~ 5253
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RCA-5W4

low current requirements.

CHARACTERISTICS

PILAMENT VOLTAGE (A. C.).ovvvvvnieninnnn
FILAMENT CURRENT ...covvecerensoncaransasons
A-C PLATE VOLTAGE PER PLATE (RMS)..........
PEAKR INVERSE VOLTAGE.......cevevevaroncnronn
D-C OUTPUT CURRENT. .. c.ovvarannvearossasass

BASE .« oovvvrevonrenainanensarsonansansasssssees

INSTALLATION

The base pins of the W4 fit the standard
octal socket which should be installed to hold the
tube in a vertical position with the base down.
Provision should be made for adequate ventilation
to prevent overheating.

The coated filament of the W4 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.

APPLICATION

As a full-wave rectifier, the 5W4 may be

ted as shown under CHARACTERISTICS.

e recommended maximum values of plate voltage

and d-c output current must not be exceeded. For

a given value of a-c input voltage, the choke-input

zg: filter will give somewhat less d-c output voltage

that obtained with a condenser-input flter,

but has the advantage of reducing the peak plate

current and improving the voltage regulation. Filter
circuits are discussed on page 37.

— 57 —

FULL-WAVE RECTIFIER

The 5W4 is a fulllwave high-
vacuum rectifying tube of the All-
Metal type for use in a-c receivers of

o
Q

w &
& o

n
i=3

D-C OUTPUT VOLTS AT INPUT TO FILTER
3
o

5.0 Volts
1.5 Amperes
350 max. Volts
1000 max. Volts
110 max Milliamperes

...Small V\}afet QOctal 5-Pin

OPERATION CHARACTERISTICS

TYPE S5W4 '
Ef=5.0 VOLTS AC.
j

1 I 1
FILTER INPUT CONDENSER = 4 J3

3.

|
So
— v
s
2o

9“73
\JR % PLar,
~AE
\‘?8 \\\
S2,
o
P~ =~

40 80 120
D-C LOAD MILLIAMPERES
92C-4584



= T
¢ 3 RCA-5Z3
. N FULL-WAVE RECTIFIER
The 5Z3 is a high-vacuum rectifier <5
of the full'wave type intended for ,_ ,
: supplying rectified power to radio
1 U equipment having very large direct-
current requirements,
CHARACTERISTICS
FILAMENT VOLTAGE (A. C.)...oovvvniiii e, 5.0 Volts
PFILAMENT GURRENT ..0iivivvrnnnnncennanencnss 3.0 Amperes
A-C PLATE VoLTaGE PER PLATE (RMS).......... 500 max. Volts
PEAR INVERSE VOLTAGE......vovennnecunennconns 1400 max.  Volts
D:C OUTPUT CURRENT...tovternaeicrocanssaans 250 max. Milliamperes
5187 5 ST-16
BASE L. e i e ie ettt Medium 4-Pin

INSTALLATION

The base pins of the 5Z3 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 socket 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 5Z3.
Provision should be made for adequate ventilation to prevent overheating.

The coated filament of the 5Z3 is intended to
operate from the a-c line through a step-down
transformer. The voltage applied to the filament

; OPERATION CHARACTERISTICS
terminals should be the rated value of 5.0 volts ATION

under operating conditions and average line voltage. E,J;_':‘v&%i;, | l ]
The high current taken by the filament makes it N SRR T TOATER
imperative that all connections in the filament circuit %! 600
be of low resistance and of adequate current- {'94(’§
carrying capacity. 2y
AN A AL“JE 500
30,
APPLICATION SR
~ 500
. = 00
As a full-wave rectifier, the 5Z3 may be oper- N s .l “

ated with condenser-input or choke-input filter X

under conditions not to exceed the rating given P 4200 300
under CHARACTERISTICS. Filter circuits are NI T~
discussed on page 37. TG N

As a half-wave rectifier, one or more 5Z3's = 200

D-C OUTPUT VOLTS AT INPUT TO FILTER

may be operated with plates connected in parallel.
For example, two 5Z3’s so arranged in a full-wave
circuit can supply twice the output current of a o 7 80 oo s
single tube. In this service, the plates of each 920-5237
5Z3 are tied together at the socket. The allowable

voltage and load conditions per tube are the same

as for full-wave service.

g
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RCA-5Z4 .
&

FULL-WAVE RECTIFER D"
The 57Z4 is a full'wave high- HO N

vacuum rectifying tube of the All- OO
Metal type intended for use in d-c S Rev—
ower-supply devices which operate

rom the a-c supply line.

%
<
=

oy

CHARACTERISTICS
HEATER VOLTAGE (A. C).vviiriviieraciinannnn 5.0 Volts
HEATER CURRENT ..cvvveonccoassncsansansaascs 2.0 Amperes
A-C PLATE VOLTAGE PER PLATE................. 400 max. Volts
PEAK INVERSE VOLTAGE...::cooevcascnsroncnans 1100 max. Volts
D-C OQUTPUT CURRENT.....voasvconncscannescns 125 max.  Milliamperes
BASE +cuvoeerneanenonesnsosessnesnanssscssonnnnns Small Wafer Octal 5-Pin

INSTALLATION AND APPLICATION

The base pins of the 574 fit the standard octal socket which should be installed
to hold the tube in any position. Provision should be made for adequate ventilation
to prevent overheating.

The heater of the 5Z4 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the heater should be the rated value
of 5.0 volts under operating conditions and average line voltage.

As a full-wave rectifier, the 5Z4 may be operated with condenser-input or
choke-input filter under conditions not to exceed the ratings given under
CHARACTERISTICS.

As a half-wave rectifier, two 5Z4'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. For this use, the plates of each 5Z4 are tied together at the socket.
The allowable voltage and load conditions per tube are the same as for full-wave
service.

OUTPUT CHARACTERISTICS OUTPUT CHARACTERISTICS
{CHOKE |5NPUT TO FILTER) CCONDENSER INPUT TO FLTER)
TYPE 524 T yyee 5747
Ep=50 VOLTS AC o £,75.0 VOLTS AC. I e
=== & MICROFARADS
e 4 MICROFARADS
'3
208 ™~ 20
a T~ 0, w
« N 28ws 5
o ~ A -
a0t \\ K. T 4402
S~~~
g I ;
-~
£ - \q\\
L s - ol e oo —
200V RMS PER pLATE < — [ %
™ 'l,_. = M o °
- 008 =4 ™ Log
1300 v \\\\ v
&
— 250 é
1200
40 80 120 180
D-C LOAD MILLIAMPERES D:g LOAD“D%LUAMP‘E:ES et
92C-4434R! 92C-4435
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it RCA-6A4

Gy
3
i % POWER - AMPLIFIER \
r PENTODE o oL
- <
<
The 6A4 is a power-amplifier pen 0‘9
tode of the 6.3-volt filament type for F F
] use in receivers employing a six-volt
U”[IUU storage-battery filament supply. The
6A4 is interchangeable with type LA.
CHARACTERISTICS
PriaMENT VOLTAGE {(A. C.or D.C)............. 6.3 Volts
FILAMENT CUBRENT ...civvininnnenncnneennenns 0.3 Ampere
PLATE VOLTAGE ............ 100 13% 165 180 max. Volts
ScreeN VoLtace (Grid No. 2) 100 135 165 180 max. Volts
GripD VOLTAGE* (Grid No. 1). 6.5 -9 -11 -12 Volts
PLATE CURRENT ........... 9 14 20 22 Milliamperes
SCREEN CURRENT .......... 1.6 25 3.5 3.9 Milliamperes
PLATE RESISTANCE (Approx.). 83250 52600 48000 45500 Obms
AMPLIFICATION FACTOR (App.) 100 100 100 100
TRANSCONDUCTANCE ........ 1200 1900 2100 2200 Micromhos
LoaDp RESISTANCE .......... 11000 9500 8000 8000 Ohms
SeLF-BiAs RESISTOR ......... 615 545 4'70 465 Ohms
Power Outputt ... tvta .. 0.31 0.7 1.2 1.4 Watts
BULB it e e et e ST-14
2 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.

+ 9 per cent total harmonic distortion.

INSTALLATION AND APPLICATION

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 socket should be mounted with 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. Socket terminal No. 1 should
be connected to the positive battery terminal.

For the power amplifier stage, the 6A4 is recommended either singly or in
push-pull combination. Transformer or impedance input-coupling devices are
recommended. If, however, resistance coupling is employed, the grid resistor should
not exce