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CJoreword
The RCA CuNNINGHAM RADIOTRON 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 only after careful consideration of their usefulness
in the field of radio-tube applications.

While the form, in

general, follows that of the previous editions, it will be found
that additions and numerous revisions have been made.
Material on the individual tube types is arranged starting
with the new three-symbol types in numerical-alphabetical
sequence. Other two- and three-digit types follow in numerical
sequence on the basis of the last two digits.
This Manual will be found valuable by radio service men,
radio technicians, experimenters, radio amateurs, arid by all
others technically interested in radio_tpbes.
Commercial Engineering Section

RCA RADIOTRON DIVISION
RCA MANUFACTURING COMPANY, INC

Harrison, New Jersey
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MANUAL
Electrons and Electrodes
The radio tube is a marvelous device. Although it appears to be a fragile affair
constructed of metal and glass, in reality it is a rugged instrument that makes possible the
performing of operations, amazing in conception, with a precision and d 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 and one or more additional electrodes-all
enclosed in an evacuated glass bulb-with their electrical connections brought to
exterior terminals. The cathode supplies electrons while the other electrodes control
and collect them.
The importance of the radio tube lies in its ability to control almost instantly the
Right of the millions of electrons supplied by the cathode. It accomplishes this with a
minimum of control energy. Because it is almost instantaneous in its action, the radio
tube can operate efficiently and accurately at electrical frequencies much higher than
possible with rotating machines.
All matter exists in the solid, liquid, or gaseous state. These three forms of matter
consist entirely of minute divisions known as molecules. Molecules are ,mumed 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, since they
may travel at speeds of thousands of miles per second.
Electron movement may be decelerated by the J ·.Jition of energy. Heat is one form
of energy which can be conveniently used to speed up the electron. For exdmple, if the
temperature of a metal is gradually raised, the electrons gain velocity. When the metal
becomes hot enough to glow, some electrons may acquire sufficient speed to break dWay
from their nuclei. This action is utilized in the radio tube to produce the necessary
electron supply.

CATHODES
A cathode is an essential part of a rddio tube, since it supplies the electrons necessary
for tube operation. In general, heat is the form of energy dpplied to the cathode to
release the electrons. The method of heating the cathode may be used to distinguish
between the different forms of cathodes. For example, a directly heated cathode, or
filament-cdthode, is a wire hedted by the passage of an electric current. An indirectly
heated cothode, or heater-cathode, consists of d filoment, or hedter, enclosed in a metal
sleeve. The sleeve carries the electron-emitting materidl on its outside surface and is
heoted by radiation and conduction from the heater.
A filament, or directly heated cathode, may be further classified by identifying the

filoment or ekctron-emitting material. The moteridls in regulor use ore tungsten, thoriotedtungsten, 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
[1
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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 by
coating a nickel alloy wire or ribbon with a mixture containing the materials. 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.
In general, tubes made with filament-cathodes or heater-cathodes and designed for use
in radio receivers utilize the coated construction.

-CATHODE
INSULATED
HEATER

INDIRECTLY HEATED CATHODES
(HEATER TYPE)

D!RECTLY HEATED CATHODES
(FILAMENT TYPE)

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

Heater, or indirectly heated cathodes, comprise an assembly of a thin metal sleeve
coated with active material and a heater contained within and separated from the sleeve.
The heater is made of tungsten wire and is used only for the purpose of heating the sleeve
and its coating to an electron-emitting temperature. The tungsten wire is operated at 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 a-c heater supply from
causing hum. Representative types are the 24-A, 57, and 78. From the viewpoint of
circuit design, the heater-cathode construction offers advantages in connection flexibility
due to the electrical separation of the heater from the sleeve and active cathode surface.

!2 l
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DIODES
Electrons dre 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
dnd to utilize the electron flow. These Pdrts consist of a Cdthode and
one or more supplementary electrodes. The simplest Form of radio
tube contains two electrodes1 a "cathode" and d "plate/ 1 and is often
called a "diode/ 1 the family name For two-electrode tubes

(!5"
f"ILA~ENT

The electrodes are enclosed in a bulb with the necessary connections brought out
through air-tight seals. The dir is removed from the bulb to dllow free movement of
the electrons and to prevent injury to the emitting surfoce of the cathode. When the
cathode is heated 1 electrons ledve the cathode surface and form an invisible cloud in
the space dround it. Any positive electric potential within the evacuated bulb 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 suitdble electricdl source connected between the plate terminal and a cathode terminal. Under the influence of
the positive plate potential, electrons Row from the cathode to the plate and return
throu.sh the external plate-battery circuit to the cathode, thus completing the circuit.
This flow of electrons is known as the pldte current and may be measured by a sensitive
current-meter.
If a negative potentia 1 is supplied to the pldte, the free electrons in the space sur•
roundins the cathode will be forced back to the cdthode, and no plate current will
flow. Thus, the tube permits electrons to Row from
the cathode to the plate but not from the pldte to the
cathode. If an alternating voltdge is applied to the
plate, the plate is dlternately mdde positive dnd
negative. Plate current flows only during the time
when the plate is positive. This phenomenon makes
the tube useful dS a rectifier of alterndting current,
thdt is, to provide d current flow a Iways in the same
direction. Rectifying dction is utilized in a-c receivers
to convert a.c. to d.c. for supplying 11 81 11 11C,' 1 and
screen voltages to the other tubes in the receiver
circuit. Rectifier tubes may have one plate and one
Cdthode. The '81 is of this form dnd is called a half.
wave rectifier 1 since current cdn flow only during onehalf of the dlternating-current cycle. When two
plates and one or more cathodes are used in tht ,me
tube1 current may be obtained on both halves ot the
a-c cycle. The 801 82, 83 and 5Z3 are examples of this type and are called fullwave 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 dn 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 are greatly dependent upon the
cathode temperature and the plate potential. The higher the plate potential, the less is
the tendency for the space electrons remaining to repel others. This effect may be noted
by applying increasingly higher plate voltages to a tube operating at a fixed cathode
voltage. Under these conditions1 the maximum number of available electrons is fixed 1
but increasingly higher plate voltages will succeed in attracting a greater proportion
of the free e Iectrons.
Beyond d certain plate voltage1 however, additional plate voltage has little effect

in increasing the plate current because all of the electrons emitted by the cathode are

being drawn to the plate. This maximum current is called saturation current1 dnd because
it is an indication of the total number of electrons emitted 1 it is also known as the emission
[3
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current, or, simply, emission. In most types of tubes, it is
;
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impossible to obtain this value by measurement, since the
current Aow is sufficiently large to change the emitting
conditions, or to damage the tube. As a result, emission
values in practice are determined at some lower voltage
which will not harm the tube. Different results will be
obtained if a different cathode voltage or temperature is
chosen, since the cathode temperature determines the
number of available electrons.

~/

If space-charge effects were not present, it follows
that the same electron Aow could be produced at a lower
plate voltage. One method of reducing the spacecharge effect is utilized in several types of rectifier tubes,
represented by the mercury-vapor rectifier 82. This tube contains a small amount of
mercury, which is partially vaporized when the tube is operated. The mercury vapor
consists of tiny mercury atoms permeating the space inside the bulb. These atoms are
bombarded by the electrons on their way to the plate. If the electrons are moving at a
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. Ionization, 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 spacecharge 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.
0

PLATE VOLTAGE_...,.

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

CRIO
CA1'Hoot
ttCA1£R

When the grid of a tube is made positive or negative with
respect to the cathode, the plate current correspondingly increases
or decreases. The grid is located much nearer the cathode than
the plate so that a small voltage change on the grid will have the
same effect on tr· plate current as a larger voltage change on the
plate. A grid requires very little power, serving merely as a valve
to control the plate current.

A negatively charged grid tends to force the space electrons back toward the fildment. This dction decreases the pldte current. Plate current, in fact, may be reduced to
zero (cut-off) by making the negative grid-charge sufficiently large. On the other hand,
when a positive charge is applied to the grid, the electrons are accelerated and increased
plate current resu Its.
It should be noted that this control action of the grid permits the use of the tube as
an amplifier. A small grid-voltage change produces a much larger plate current variation
than would the same change in plate voltage. Typical three-electrode tubes are the 30,
27, 56, and 2A3.
ln circuits employing triodes, it is usually desirable to maintain the grid at some negative
voltage (called grid bias) with respect to the cathode. The grid-bias supply (C-supply)
may be a battery or other source of d-c voltage. It is connected between the grid and
cathode and is usually in series with the device for the purpose of impressing the input
or signal voltage on the control grid. The complete circuit between grid and cathode is
called the control-grid circuit, or more simply, the input circuit. Similarly, the circuit connected between the plate and cathode is called the plate circuit, or the output circuit.

I4l
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The grid, pldte, 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 capacitances, as well as
those of tubes having additional electrodes[ are known as interelectrode capacitances.
Generally, the capacity between grid and pate is of the most importance. In high-gain
radio frequency amplifier circuits, this capacity may act to produce undesired coupling
between the input and output circuits and, thereby, cause uncontrolled regeneration.

TETRODES
The effect of grid-plate capacitance in causing excess regeneration may be mm1mized or eliminated in a number of ways. One scheme requires the use of complicated
circuit arrangements which set up counteracting effects to counterbalonce the action of the
grid-plate coupling. The second and preferable method is to eliminate as much as possible
the grid-to-plate capacitance in the tube itself. This is accomplished by employing a fourth electrode in the tube which is
WLATE
known as the screen. The screen is ploced between the plate and
the grid and thus makes a four-electrode tube, or "tetrode." With <>Rio
•::.
SCREEN
this type of tube, intricate circuits and balancing difficulties may
be eliminated. Since the screen voltage largely determines the
cATHOOC
electron Aow, small changes of plate voltage have little effect on
EATER
plate current. This is desirdble from the viewpoint of stability.
H
The screen is constructed so that the flow of electrons is not materially obstructi:d, yet it
serves to establish an electrostatic shield between the pldte and grid. The screen is
operated at some positive voltage lower than that of the plate and is by-passed to the
cathode through d condenser. This by-pass condenser effectively grounds the screen for
high-frequency currents dnd assists in reducing grid-plate capacitance to a minimum value.
In general praetice the grid-plate capacitance is reduced from an averdge of 8.0 micro•
microlarads (µµf) for a triode to 0.01 µµf or less for a screen-grid tube. The reduction
permits the attainment of stable amplification from screen-grid tubes many times as high as
that possible from three-electrode tubes. Tubes of this type are represented by the 24-A,
32 and 35.

PENTODES
In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two- and 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 o 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 (tetrod<>.s), the proximity of the positive screen
to the plate offers a strong attraction to these se<.....,ndary electrons and particularly so ii
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 potentia 1with respect to the plate, it retards the Right of secondary electrons
and diverts them back to the plate, where they cannot cause trouble.
The suppressor is utilized at the present time in pentodes designed for two different
functions. In power output pentodes, the suppressor makes
LATE
possible a large power output with high gain, due to the fact
suPPREssoR that the plate swing can be made very large. Tubes of this
~tN
c••D
type are represented by the 33, 38, 47 and 2A5. In radiofrequency amplifier pentodes, the suppressor permits of
CATHODE
obtaining a high voltage amplification at moderate values ol
HEATER
plate voltage. In fact, the plate voltage may be as low as, or
lower than, the screen voltage without serious loss in the gain

@

copobilities of this type. Representative of this type are the 34 and 77. Further advantages
in adaptability of tube design and application may be obtained by providing the suppressor
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with its own base terminal. With this arrangement, it is possible to obtain special control
features by variation of the voltage applied to the suppressor. Typical tubes of this type
are: the 5 7 and 58.
Another method for suppressing secondary emission effects is illustrated by the
Type: 48. In place of a separate suppressor electrode, this tube employs a ribbed structure
fastened to the inner surface of the plate. Although structurally a tetrode, the 48 has
the power output capacity of a pentode.

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 radiofrequency amplifier, an intermediate-frequency amplifier, an audio-frequency amplifier,
an oscillator, or as a detector. Obviously, with this diversity of application, one: tube
did not meet all requirements to the best advantage.
Later and present trends of tube design are the development of "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 40, 71-A, 24-A, 35
,md the 2A5. 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.
Tubes of the multi-electrode type often present interesting possibilities of application
since the electrodes may be connected in a number of ways for several different kinds of
service. For example, the 46 can be used either as a Class A or Class B output amplifier
triode. The 59, a triple-grid power amplifier, has not only these possibilities, but may
also be used as a Class A amplifier pentode.
The second class includes multiple-unit tubes such as the duplex-diode triodes 55, 75
and 85, as well as the duplex-diode pentodes 2B7 and 6B7 and the twin Class B amplifier
types 53 and 79. All of these types have two or more separate tube units. It is interesting to note that the 80 is one of the earliest illustrations of multi-unit tubes.
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HEATER
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friplt-Grid Power Ampli6er

Pe:nt4grid Converter

A third class combines features of each of the previous classes. Typical of this class
11re the 2A7 and the 6A7 pentd9rid converter types. These are tubes having dn unusually

large number of electrodes (seven, exclusive of heater), all of which affect the same
electron stream and yet perform independently two operations (oscillator and mixer for
superheterodyne circuits) simultaneously.
[6]

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 ond
may be used for the determinotion of tube performance ond the calculation of additional
tube factors.
Tube characteristics are obtained from electrical measurements of a tube in various
circuits under certoin definite conditions of voltages. Chdracteristics ma)I be further
described by denoting the conditions of measurements. For example, Static Charaderi$tics
are the values obtained with different d-c potentials applied to the tube electrodes
while Dynamic Characteristic$ 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: curve$ both give i nformation on stotic 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 mea,uring plate current for different control-grid bias voltages,
while the tran,fer 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. Fig. 2 gives the transfer characteristic family of curves for
the same tube.
8
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Fig. 2

Dynamic c:haraderistics include amplification factor, plate resistance, mutual conductance, and certain detector characteristics, and may be shown in curve form for
variations in tube operating conditions.
The amplification factor, or 1-', is the ratio of (!change in plate voltage to a change
in control-electrode voltage in the opposite direction, under the condition that the
plate current remains unchanged. For example, if the plate voltage is changed 30 volts,
and the grid voltage is changed 5 volts (in opposite polarity) in order to hold the plate
current at a constant Vdlue, the dmplification factor is 30 divided by 5, i.e., 6. In other
words, a small voltage variation in the grid circuit of a tube has the same effect on the
plate current as a large plate voltage change-the latter equal to the product of the grid
voltage change and amplification factor. The I-' of a tube is useful for calculating stage
gain, as discussed on page 1 O.
The plate resistance (r.) of a radio tube is the resistance of the path between cathode
and plate to the How of alternating current. It is the ratio of a small change in plate
voltage to the corresponding change in plate current and is expressed in ohms, the unit
of resistance. Thus, if a change of 0.001 ampere is produced by a plate voltage variation
of 20 volts, the plate resistance is 20 divided by 0.001, i.e., 20000 ohms.
The mutual conductance (gm), or control grid-plate transconductance (Sm), is a factor
which combines in one term the amplification factor and the plate resistance, and is the
ratio of the first to the second. Mutual conductance may be more strictly defined as the
ratio ol d small change in plate current (amperes) to the small change in the control-grid
voltage producing it, under the condition that all other voltages remain unchanged. Thus,
if a grid-voltage change of 10 volts causes a plate-current change of 0.01 ampere (10 ma.),
with all other voltages constant, the mutual conductance is 0.01 divided by 10, i.e.,

I7I
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0.001 mho. A "mho" is the unit of conductance and was named by spelling ohm backwards. For convenience, a millionth of a mho, or a micromho, is used to express mutudl
conductance. So, in the example, 0.001 mho times a million equals 1000 micromhos.
The mutual conductance characteristic of d tube is very useful when comparing its
performance capdbilities with those of the same type in similar applications. However,
the usefulness of this characteristic is limited when comparing different types for any
service. For example, the 112-A has a mutual conductance of 1800 micromhos at
180 volts on the plate and -13.5 volts on the grid, while the 71-A has a
mutudl conductdnce of 1700 micromhos at 180 volts on the plate and -40.5 volts on the
grid. As a power amplifier, however, the 71-A is capable of furnishing three times as
much undistorted power to a loudspeaker as the 112-A. On the other hand, the 112-A
is an excellent detector and voltage amplifier, services for which the 71-A is unsuitable.
Conversion transconductance (S.) is a characteristic associated with the mixer (first
detector) function of tubes and may be defined as the ratio of the intermediate-frequency
(i-f) current in the primary of the i-f transformer to the applied radio-frequency (r-f)
voltage producing it; or more precisely, it is the limiting value of this ratio as the r-f voltage
and i-f current approach zero. When the performance of a frequency converter is
determined, conversion transconductance is used in the same way as mutual conductance
is used in single-frequency amplifier computations.
Maximum peek invrme voltage characteristic of a rectifier tube is the highest peak
volta!le 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 d full-wave rectifier tube is positive, current Aows
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 safe value of this voltage is
that at which break-down does not occur and 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
F·
largely on the individual chardcteristics of the rectifier
'3• 3
circuit dnd the power supply. The presence of line
surges or any other transient, or wave-form distortion may raise the actual pedk voltdge
to a value higher thdn that calculated for sine-wave voltages. Therefore, the actual
inverse voltage, and not the calculated value, should be such dS not to exceed the rated
maximum peak inverse voltdge for the rectifier tube. A c<1thode-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, mathematical determination of peak inverse voltage requires the use ol
vectors.
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 Aow from the rectifier tube during each half cycle.
In a given circuit, the actual vdlue 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
ploce at either radio- or audio-frequencies and may involve the use of different circuits
and different supplemental parts, the generol considerations of each kind of operation
<lre basic.

AMPLIFICATION
The amplifying action of a radio tube was mentioned under TRIODES, page 4.
A small change in the control-grid voltage for grid voltages less than the cut-off value
produces a much larger plate-current change than would be produced by the same change
in plate voltage. This action can be utilized in radio circuits in a number of ways, depending upon the results to be achieved. Three distinct classes of amplifier service recognized
by engineers are covered by definitions standardized by the Institute of Radio Engineers.
This classification depends primarily on the fraction of input cycle during which plate
current is expected to Aow under rated full-load conditions. The classes are Class A,
Class B, and Class C.
A Class A amplifier is an amplifier in which the grid bias and the exciting grid voltage
c1re such that the plate current through the tube Aows at all times. The ideal Class A
amplifier is one in which the alternating component of the plate current is an exact reproduction of the form of the alternating grid voltage, and the plate current Aows during the
360 electrical degrees of the cycle. The characteristics of a Class A amplifier are low
efficiency and output.
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 the plate current in each tube Hows during approximately
one-half of each cycle when an exciting grid voltage is present. The ideal Class B amplifier
is one in which the alternating component of plate current is an exact replied of the
c1lternating grid voltage for the half cycle when the grid is positive with respect to the
bias voltage, and the plate current Aows during 180 electrical degrees of the cycle. The
characteristics of a Class B amplifier are medium efficiency dnd output.
A Class C amplifier is an amplifier in which the grid bias is appreciably beyond the
cut-off value so that the plate current in each tube is zero when no exciting grid voltage is
present, and so that the plate current Aows in each tube for appreciably less than onehalf of each cycle when an exciting grid voltage is present. Class C amplifiers find
application where high plate-circuit efficiency is a paramount requirement and where
departures from linearity between input and output are permissible. The characteristics
of a Class C amplifier are high plate-circuit efficiency and high power output.
It is sometimes convenient to have terms to identify amplifier services when tubes are
operated under conditions intermediate to those of Class A and Class B, or to those of
Class B and Class C. The proposal has been m;.Je that such conditions be classified as
Class AB and Class BC, respectively. It is sometimes also ol interest to know whether
grid current is expected to flow under rated full-load conditions. The proposals follow:
(1) A Closs AB amplifier is one in which the grid bias ond the exciting grid voltoge ore such thot the plat,
current Aows during appreciably more than 180 electriCdl degrees, but less than 360 electrical degrees of the
cycle. This has been called Class "A prime." The chorocteristics of a Class AB amplifier are efficiency and
output intermediate to those of a Class A and a Class B amplifier. The no-signal plate current and attendant
dissipation may be made substantially les ,than is possible with Class A amplifiers,
(2) A Clan BC amplitler is an amplifier In which the grid bias and the exciting grid voltage ore such that
plote current Rows during less than 180 electrical degrees, but yet for a considerable pa,t of the cycle,
chdrdCteristics of a Cldss BC dmpllfier are efficiency (md output intermedi,1te to those of a Class B and a
C amplifier. Cla,s BC amplifiers are not in general use.
(3) To denote that grid current does not Aow durin9 any part of the input cycle, odd the suffix 1 to the
letter or letters of the class identification. The suffix 2 is used to denote that grid current 6ows during some
part of the cycle.

For radio-frequency amplifiers which operate into a selective tuned circuit, as in
rddio transmitter applications, or under requirements where distortion is not an important
lc1ctor, 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
fc1ctor, only Class A amplifiers permit single-tube operation. In this c<:1se, operating
[9)
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conditions dre chosen so thdt distortion is kept below the conventiondl 5% for triodes
dnd the conventiondl 7 to 10% for tetrodes or pentodes. With Cldss A dmplifiers, reduced
distortion with improved power performance can be obtained by using a push-pull
stage for audio service. With Class 8 amplifiers, d baldnced dmplifier stage using two
tubes is required for dudio service.
As a Class A voltage ampliAer, d radio tube is used to reproduce grid voltage Vdriations dcross an impedance or a resistdnce in the plate circuit. These varidtions dre essentidllY
of the same form dS the input signdl voltage impressed on the grid, but of incredsed
dmplitude. This is dccomplished by operating the tube dt d suitdble grid bias so that
the applied grid-input voltage produces plate-current varidtions proportiondl to the
signdl swings. Since the voltage variation obtained in the plate circuit is much !drger
than thdt required to swing the grid, amplification of the signal is obtdined. Fig. 4 gives
a 9rdphical illustrdtion of this method of amplification and shows, by means of the gridvoltage vs. pldte-current characteristics, the effect of dn input signal (S) applied to the
grid of a tube. 0 is the resulting amplified plate-current variation.
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The plate current Aowing through the pldte-load resistor (R) of Fig. 5 causes a voltage
drop which varies directly with the pldte current. The ratio of this voltage variation
produced in the !odd resistor to the grid-input voltage is d measure of the voltage amplificdtion, or gain, of the tube stage. This ratio is not the same ds the amplification factor
of the tube, but is determined by the combined effects of plate resistdnce, load resistance
or impedance, and the amplification factor. The wilue depends on d number of factors
The load resistance required is the effective value. For example, in a resistance-coupled
amplifier using d high resistance in the plate circuit, the effective value is also dependent
on the resistance of the associated grid circuit of the next stdge. The voltdge amplification
per stage due to the tube is expressed by the following convenient formulae:

Voltage Amplificotion

=

Amplific•tion factor X Plate load resistance
Plate load resistance

+ Plate resistance

, or

Mutudl conductance in micromhos X Plat~ resistonce: X Pldte lodd resistdnce.:
1000000 X (Plate resistance

+ Plate load resistance)

In the first formula, load resistdnce and plc1te resistdnce values should be expressed
in the same units, either ohms or megohms. In the second formula, they must be expressed
in ohms.
These formulde apply equally well to all types of amplifier tubes. If the load resistdnce
is mdde increc1singly larger, the voltage amplification per stage dpproaches the amplification
factor of the tube as d limitin:i value. Fig. 6 shows that voltase amplification, or gain,
increases with larger loads. Since increasing the size of the load resistors lowers the
available pldte voltdge due to the drop through the resistor, the plate-voltage swing
obtdinable is likewise reduced. This drop may be avoided by replacing the resistor with
[ 1o l
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an inductance. An inductance can be designed to have a high impedance to the signal
and also to have a low resistance to direct current. The inductance, depending upon circuit
requirements, may be an air-core coil, an iron-core choke, or a transformer primary.
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The method of applying the input signal to the grid is important. If the grid of the
tube in operation does not go positive, it is possible to use an input circuit of high
impedance, since the grid-input impedance of radio tubes is very high as long as the
grid bias is negative, If an input transformer is used, the secondary impedance is made
as high as other design conditions permit. In resistance-coupled circuits, the grid resistors
usually range in value from ½ to 2 megohms, depending upon the type of tube and
the circuit. Too high a resistance may result in instability, while too low a value of grid
resistance may result in low gain. The most suitable value will usually have to be determined by experiment.
A super-control amplifier tube is a modified construction of a screen grid type and
is designed to reduce modulation-distortion and cross-modulation in radio-frequency
stdges. Cross-modulation is the effect produced in a rddio receiver by an interfering
stdtion "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 audiofrequency 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

GRID

CATHODE

PLATE

INNER SCREEN
Fig. 7

Fig. 8

last intermediate-frequency stage. 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. This feature is obtained by a special tube structure which makes
possible variation in amplification factor with a change in ~rid bias. A cross-section of
the structure of a typical super-control tube is shown in Fig. 7. This type differs from
[ 11
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other screen grid tubes chieAy in the construction of the control grid, which is wound
with coarse spacing at the middle and with close spacing dt the ends. When weak signals
and low grid bids dre applied to the tube, the effect of the non-uniform turn spdcing
of the grid on cathode emission and tube characteristics is essentially the same dS for
uniform spacing. As the grid bias is made more negative to handle larger input signals,
the electron Row from the sections of the cathode enclosed by the ends of the grid is
cut off. The plate current and other tube chdracteristics are then dependent on the
electron Row through the coarse section of the grid. This action changes the gain of the
tube so that large signdls may be hdndled with minimum distortion due to cross-modulation
and modulation effects. Fig. 8 shows typical grid-voltage vs. plate-current curves for a
screen-grid and a super-control tube, respectively. It will be noted that while the
curves are dlike at small grid-bids voltages, the plate current of the super-control tube
drops quite slowly with ldrge Vdlues 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.
As a Class A power amplifier, a radio tube is used in the output stage of radio receivers
to supply relatively large dmounts 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-efficiency, and low distortion. Power tubes of the
pentode type are chardcterized by high power-sensitivity, high plate-power-efficiency,
and relatively high distortion.
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A Class A power amplifier is also used as a driver to supply power to a Class AB
or a Class B output stdge. Either triodes or pentodes as driver tubes may be used, but
triodes are usually preferable since th<?y produce less distortion.
Either push-pull or parallel operation of power tubes may be employed with Class A
amplifiers to obtain increased output. The parallel connection (Fig. 9) provides twice
the output of a single tube with the same value of grid-signal voltage. The push-pull
connection (Fig. 10) requires twice the input-signal voltage, but has, in 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 Auctuations
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 obtained by decreasing the load resistance. For the same reason, economy of operation
can be obtained by increasing the grid bias beyond the single-tube value and proportionately increasing the input signal.
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 d resistance load. The proper
plate current, grid bias, and optimum load resistance, as well dS the per cent secondharmonic distortion, can also be determined. The calculations are made graphically and
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are illu>trated by Fig. 11 for given conditions. The procedure is as follows: A straight
line XY is drawn through the point P on the plate fomily 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 pardllel 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-voltage swing
as E ,nax., E min., I max., I min., the power output is given by the formula:
(I m•x. - I min.) X (E max. - E min.)
Power O u t p u t = - - - - - - - - - - - - 8
U E is in volts and I in milliampetes, power output is in mllliwc1tts.

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

Im••·+ I min.
- - - - - - lo
2

Pu cent 2nd Hormonic Distortion = - - - - - - - X 100
I mdx.

Example:

I min.

Determine the

undistorted

power output of a 3-electrode tube dt ~

plate: voltage of 250 volts, a plate current
of 34 millic1mpere:s 1 c1 negative ~rid voltage
of 50 volts and • plate load of 3900 ohms,
~ive:n the plate chdracteristic curves as
shown.

Procedure,

Drow through

point (P)

which represents proposed operdting conditions, line XY with slope corresponding

to 3900-ohm lo•d. This m•y be done by
dr,wini, XY porallel to line AB. The
line AU is drawn between point (M) at
250 volts and zero current, and point (0)
at zero volts dnd current equa I to 250 volts

divided by pl•te load of 3900 ohms, i.e ,
250 + ,3900 = 0.064 ampere or 64

fig, 11

milliamperes.

Substituting vdlues from curves in above power ormula:

Power Output

(66 - 7) X (360-130)
8

1700 milliwatts

Substitotin9 values ram curves in above distortion formuld:

+

2nd Hdfmot'lic Distortion

0.066
0.007
- - - - - - 0.034
2
- - - - - - - - X 100
0.066 - 0.007

4.2%

It is customary to make the final selection of lodd resistance such that the distortion as
cdlculated 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.
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To check the trial plate current, calculations should be made for d-c plate currents
~bove and below the trial value. The most suitable value with its corresponding 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.
E:'0.6Eo
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 Eo 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. The slope of this load line
multiplied by four is the plate-to-plate load for two
triodes in a Class A push-pull amplifier.
Fig. 12 illustrates the application of this method
to the case of two Type 45's operated at Eo=250
volts. Then

Fig. 12

Eo - 0.6 Eo

Pl•t•-to-Pl•t• L0<1d -

Im

X 4 -

100
- - X -4

0.096

= -4160 ohm•

This simple formulc1 is applicc1ble to all power output triodes. The operating grid bias
voltage cc1n be c1nywhere between that specified for single-tube operation and thc11
equal to one-half the grid bic1s voltage required to produce plate-current cut-off at a
plate voltage of 1.4 Eo. Thus, for single-tube operation of the Type 45, the grid-bias
voltage is recommended as -50 volts for 250 volts 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
volts1 which is the most negative value permissible without departing from Class A
conditions. Operation beyond this
point will be 11ccompc1nied by recti0
ncc1tion c1nd will no longer be repre,,.,,_Ts t: "
sentc1tive of d Class A c1mplifier.
The power output for push-pull :3
triodes may be determined by the ~
following formula:
'~

3

Im Eo
Power Output - - 5

"
----~-~----l __ r1,11

If Im it expr,is,d in •mp<re• •nd Eo
In volts, power it obtained in w•tts.
Thus, for Fig. 12, power output0.096 X 250 + 5, or -4.8 w•tts.

Eo
PLATE

\oOLT5

Fig. 13

Power output for pentodes 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
fdmily of curves, illustrated in Fig. 13.

!I mox. - I min.+ 1.-41 (Ix ly)] 2 Rp
Power Output - - - - - - - - - - - - 32

I 14 l

RCA CUNNINGHAM RADIOHON MANUAL

If

I i> in •mp,r,s •nd E in volts, then
Rp

E m•x. - E min,

= - - - - - in ohm,,
I m•x.

I min.

~nd power output is obtdined in wc1tts.

I m•x.

Per cent 2nd H•rmonic Distortion

I min. - 2 lo

= - - - - - - - - - - X 100
I m•x. - I min.

+ 1.41 (Ix -

ly)

Im ... - I min. - 1.41 (Ix - ly)
Percent 3rd H•rmonlc Distortion= - - - - - - - - - - X 100
I max. - I min.
1.41 (Ix - ly)

+

Per cent tot•I (2nd •nd 3rd) Harmonic Distortion

= v'(% 2nd Har.

Dist.)•

+ (% 3rd Hor. Dist.P

The conversion curves given in Fig. 14 are esCONVERSION FACTORS fOR PENTODES
2
O
pecially useful for power triodes and pentodes (either
~ 1
in single or push-pull operation) in calculqting from
a
published operating conditions other operating conditions to meet special plate-voltage requirements.
To use these curves, first determine the ratio of the
new plate voltage to the published plate voltdge
nearest the desired new conditions. The ratio, the
Voltdge Conversion Factor (Fe), is then used to determine the new screen voltage and/or the new control grid voltdge. Factors For calculating the other
new operating conditions are read directly from the ,f
curves of Fig. 14.
...

J

Fe dpplies to screen volt.ige, control grid voltage
and plate voltage.

Fi applies to plate current and to screen current.
Fp applies to power output.
Fr applies to load resistance and ;f•
Fgm

.ipplies to mutual conductance.

These curves are quite dccurate except for overbiased operdtion. Thus, for the 45 and 2A3 at voltages greater than 180 volts, the conversion factors
cannot be used unless adjustment is mdde to keep plate
dissipation within safe limits. The best guide to the
recommended maximum plate dissipation is the product of the maximum recommended plate voltage and
maximum recommended plate current For the tube type
under consideration.

VOLTAGE CONVERSION FACTOR ( f

e)

Fis. 14

Class AB power amplifiers consist of a push-pull stage of power output triodes operated somewhat over-biased as compared with Class A amplifiers. Usually the input
transformer has d small step-down ratio of primary to secondary in order thdt the stage
may be driven to the point where a small amount of grid current Rows on full signal without appreciable distortion. For smdll input signals, the amplifier performs as a Class A
amplifier; for full-input signdl, its operation is similar to that of a Class B audio amplifier.
Since the amplifier operates on most input signals as a Class A amplifier, power output
tubes designed for Class A service are best adapted to use in Class AB amplifiers. The.
driver power required to operate the stage at full .output is small. It is necessary, however, to supply the bias voltage for the Class AB stage from d Fixed supply if the mdximum
output capabilities of the stage are to be obtained
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Class B power amplifiers for audio applications are of interest where large power
output is required. In Class B service the tube is operated so that the plate current is
relatively low with no grid excitation. When a signal of sufficient magnitude is applied
to the grid, there will be no plate-current Aow over a substantial part of the negative halfcycle. In other words, plate current Aows only during the least negative excursions of
the signal voltage. A considernble amount of second and higher even-order-harmonic
distortion is thus introduced into the power output of a single tube. However, with
two tubes in a balanced push-pull circuit, the even harmonics are eliminated from the
power output. In such a circuit, therefore, two tubes may be employed as Class B
amplifiers to supply virtually undistorted output. Certain types such as the 19, 53, and
79 combine in one bulb two Class B amplifier triodes, so that only one tube is required
for the last audio stage.
In Class B service it is possible to drive the grids of the two amplifier tubes positive
by a certain amount and still obtain reasonably undistorted output, provided sufficient
input power is available to supply the grid current required by the grids when positive.
This power is conveniently supplied by a Class A power amplifier leedins the grids of
the output tubes through a push-pull transformer having the proper characteristics.
Usually this transformer has a step-down ratio.
By designing Class B amplifier tubes with a sufficiently high amplification factor, it is
possible to operate them with zero grid bias, and so dispense with biasing resistors
whose effect would be to produce considerable loss in sensitivity because of degeneration. Since provision for grid bias is unnecessary with such tubes, the entire voltage of
the rectifier is available for plate supply.
Distin9uishing features of this class of service are that very high output of good quality
may be obtained with fairly small tubes operating at relatively low plate voltagei and
that unusual overall economy of power consumption is possible because the plate current
is low when no signal is applied to the grid. To give these advantages, the Class B
amplifier circuit requires the use of two tubes in a balanced output stage preceded by
a driver stage capable of delivering considerable undistorted power, and the use of a
power supply capable of maintaining good voltage regulation regardless of the variation
of average plate current with signal intensity. It should be noted that the distortion present
in the power output of Class B amplifiers is usually somewhat higher for the ordinary
range of signals than that obtained with Class A audio amplifiers employing much larger
tubes capable of the same maximum power output.
The d-c plate current required in Class B circuits Auctuates under normal operating
conditions. The power supply, therefore, should have good regulation to maintain proper
operating voltages regardless of the current drain. For this
purpose, a suitably designed power-unit should be employed. The rectifier tube should have reasonably good
regulation over the operating range. In some circuit designs, a vacuum type of rectifier tube can be used, while in
others a mercury-vapor type may be needed to provide the
required regulation. As a factor in obtaining good regulation1 the filter chokes and the transformer windings should
have low resistance. In the design of a power supply for a
Class B amplifier, consideration should be given to economical distribution of losses. Also, the power supply
should be designed to take care of the average power
requirements with sufficient regulation to meet the peakpower demands.
The grid (or grids) of a Class B amplifier tube is operated
sufficiently positive to cause grid current to Aow in its
input circuit. This feature imposes a further requirement
on the preceding amplifier stage which must supply not
only the necessary input voltage to the output stage, but
it must be capable of doing so under conditions where
1NsTANTANrnus GR10 VOLTS(•.,)
appreciable power is taken by the grid of the Class B
amplifier tube. Since the power necessary to swing the grid positive is partially dependent
on the plate load of the Class B tube, and since the efficiency of power transfer from the
preceding stage is dependent on transformer design, it is apparent that the design of a
Class B audio power amplifier requires that more than ordinary attention be given to
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the effects produced by the component parts of the circuit For this reason, the design
of a Class B audio amplifier with its driver stage is somewhat more involved than for a
Class A system.
In the design of Class B amplifiers, the interstage transformer is the link interconnecting
the driver and the Class B stage. It is usually of the step-down type, that is, the primary
input voltage is higher than the secondary voltage supplied to the grids of the power
output tubes. Depending upon conditions, the ratio of the primary of the interstage
transformer to one-half of its secondary may range between 1.5 to 1 and 5.5 to 1. The
transformer step-down ratio is dependent on the following factors: (1) Type of driver
tube, (2) Type of power tube, (3) Load on power tube, (4) Permissible distortion, and
(5) Transformer efficiency (peak power).
The primary impedance of the interstage transformer is essentially the same as if the
transformer were to be operated with no load, that is, into an open grid. Since power
is transferred, the transformer should have reasonable power efficiency. It should be
noted that the power output and distortion are often critically dependent upon the
circuit constants, which should therefore be made as nearly independent of frequency
as possible. This applies particularly to the interstage coupling transformer and to the
loudspeaker. Since it is difficult to compensate for leakage reactance of the coupling
transformer without excessive loss of high-frequency response, the leakage reactance of
this transformer should be as low as possible.
The type of driver tube chosen should be capable of handling sufficient power to
operate the Class B amplifier stage. Allowance should be made for transformer efficiency.
It is most important, if low distortion is desired, that the driver tube be worked into a
load resistance higher than the normal value for optimum power output as a Class A
power amplifier, since distortion produced by the driver stage as well as the power
stage will be present in the output.

RECTIFICATION
The rectifying action of a diode finds an important application in supplying a receiver
with d-c power from an a-c 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
brieAy under DIODES, page 3. The filter's action is explained on page 28 1 its function
is to smooth out the ripple of the tube output, as indicated in Fig. 15. The voltage divider
is used to cut down the output 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. 16 and 17,
respectively. The full-wave form rectifies both halves of an alternating voltage, so that
outputs of each half-cycle are supplied alternately to the filter circuit. This action occurs
at twice the supply frequency dnd thus makes filtering and regulation problems simpler to
handle than for the half-wdve circuit. Further rectifier operdting information and circuits
are given under edch rectifier tube type and in the.CIRCUIT SECTION.
A voltage-doubler rectifier circuit of simple form is shown in Fig. 18. The d-c voltage
output of this circuit is approximately twice that obtainable from a half-wave rectifier
operated on the same a-c voltage supply. In Fig. 18,
two diodes are shown connected to two condensers.
One diode is reversed electrically with respect to the
other. This arrangement provides rectification of each
half-cycle of the a-c supply. Furthermore, during the
period that one diode is rectifying, the condenser
across the other diode is discharging through the load
and the conducting diode. As a result, the voltage
dcross the load is the sum of the d-c output voltage of
the conducting tube and the discharge voltage of the +i A A A A A A ~,a~~Rl

condenser. Since the total d-c voltage across the lodd,
therefore, is approximately twice the d-c voltage obtainable from a half-wave rectifier, this circuit is called
a voltage-doubler. Like a full-wcve rectifier circuit,
filtering is simpler, since the doubler circuit gives an
output with a ripple frequency twice that of the
supply line. A tube specially designed for voltagedoubler requirements is the 25Z5. It contains in a
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single bulb two separdte diodes of the hedter-cothode type.
diogram employing this tube dS d voltdge doubler.

Fig. 19 shows d circuit
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fig. 16

Fig. 17
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Fig. 18

Fig. 19

DETECTION
In radio-broadcast transmission, the radio-frequency carrier wave is modulated by
the microphone pick-up dt the studio. In reception, the operdtion of separating the
oudio component (speech and music) from the r-f wove is known as demodulation, or
detection. The effect of modulation ;it the transmitter
.,
is to vdry the omplitude of the carrier wave in proper~
tion to the audio-input varidtions. Since the carrier
~
wave is alternating, it may be considered to consist of
~
two halves, d positive half and a negative half. Each
31 our,u, s,cNAL
of these halves is affected equally by the oudio
modulotion. Unless d detector is used, the effect of
audio modulation in one-half of the carrier wave is
offset by the effect in the other half of the wave at a
rate equdl to the cdrrier frequency, d frequency much
too high to operate dny oudio system. If, however,
one-half of the Cdrrier wove can be eliminated, the
audio variations of the other half of the carrier may be
utilized to operote a pair of headphones or a loudFig. 20
speaker (Fig. 20).
The elimination (either partially or completely) of the neutralizing effect of one-half
of the carrier wave is the function of the detector. It rectifies the corrier-permits a
greater Aow of current for the one-half than for the other half of the carrier wave-and
extracts the audio signal from the rectified output. Any carrier current appearing in the
plate circuit of the detector tube is usudlly by-passed from the audio output circuit by
means of a small condenser, while the audio signal is fed to the audio-amplifier stage.
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Three different methods of detection with radio tubes are commonly employed
These are known as the diode method, the grid-bias method, and the grid leak and
condenser method.
The diode method makes use of the rectifying action of the diode. Although the
diode does not amplify, its operating characteristics make it particularly suitable as a
detector when freedom from distortion is desired. This suitability is due to the relatively
low resistance of the diode in the direction of current Aow and the consequent con•
venient size of the load resistance necessary to give the approximate linearity of the
dynamic characteristic required for low-distortion detecting action. Fig. 21 shows a
half-wave diode detector circuit. The audio signal voltage is developed across the
Ioad resistdnce (R).
DUPLE)l.•OtODE TRIOOE

--

c,

TO t;RID

or

c,

AMPL!f"IER TUB~

B+

Fis. 22

Fis. 21

Two diodes may be used for full-wave rectification or their plates may be connected
in parallel (with 'decreased tube resistance) for half-wave rectification. With full-wave
rectification, the circuit may be balanced for carrier input so that no carrier frequency
is supplied to the grid of the followins amplifier and no carrier-frequency filtering is
theoretically necessary. Half-wave rectification as compared with full-wave rectification
provides approximately twice the signal output, but requires carrier-frequency filtering.
Figure 22 illustrates full-wave diode detection by means of a duplex-diode triode
type, such as the 55. The two diodes are used as a full-wave detector feeding the triode
unit as an audio amplifier. The triode is biased by the drop across R. This is known as
"diode biasing," but is practical only when sufficient resistance is in the plate circuit
of the triode unit to prevent excess plate current when the voltage across R drops to
zero under conditions of no r-f input. If extremely strong signals are received with
this circuit, the bias on the triode may be carried to cut-off. In general, the amplifier unit
of duplex-diode types can be utilized just as though it were a separate tube.
GRIO LEAK

l~

~OP\J·

F!ER

'
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Fis. 23
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I
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The grid-bias method of detection makes use of a tube which is operated with a
5rid bias such that the plate current with no signal is practically zero. The bias may be
obtained from a cathode resistor (self-bias method), a C battery, or a bleeder circuit.
When a signal is applied to the grid, rectification of the carrier occurs in the plate circuit,
[191
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since only the positive half is amplified. The grid does not draw current with grid-bias
detection, so the load on the input circuit is negligible. This is a desirable feature.
Fig. 23 illustrates this method.
The grid leak and condenser method is somewhat more sensitive than the grid-bias
method and gives its best results on weak signals. This method uses a grid ledk and condenser in the grid circuit (as shown in Fig. 24). The grid leak regulates the grid bias to
obtain rectification in the grid circuit while the condenser offers a low-resistance path
to the grid for the radio-frequency input. The grid-leak-condenser detector draws grid
current and, like the diode method, places a load on the input circuit. Although the
use of a high value of grid resistor increases selectivity and sensitivity, improved tone
and stability are obtained with lower values.

AUTOMATIC VOLUME CONTROL
Automatic control of receiver volume generally utilizes a rectified voltage which is
dependent on a radio-frequency or intermediate-frequency carrier signal. This voltage
may be utilized to regulate the gain of the r-f and/or i-f amplifier stages so as to maintain
essentially constant-carrier input to the audio detector. The regulation of amplifier g,in
by means of the rectified voltage may be accomplished by a number of methods, differing
chieAy in the means of applying the voltase to the various electrodes of the· amplifier
tubes. For example, the control voltage might be applied to the suppressor, plate and/or
screen of an r-f pentode. A more familiar method is that in which the control voltage
is applied to the grid of the r-f amplifier. In Fig. 21, current flows from plate to cathode,
through R back to LC. This places the cathode end of load resistor (R) at positive potential
and the opposite end at negative potential. Negative voltage for biasing the grids of
the r-f amplifiers may be obtained from the negati".e end of this resistor.
Assume that, for a given signal, the voltage drop across R is sufficient to bias the
controlled tubes to a sensitivity consistent with desirable reception volume. A decrease
in r-f signal input causes a decrease in voltage drop across R. This automatically lowers
the bias on the controlled tubes so that the sensitivity of the receiver increases to maintain
normal volume. Conversely, a stronger input signal increases the voltage drop across R,
biases the control tubes more negatively so that the receiver sensitivity decreases to hold
the receiver output at normal volume. This
action is known as automatic-volume-control
or a.v.c.
The a.v.c. circuit just described starts to
function as soon as any signal is received.
R-l"OR
,_,
It is sometimes desirable to delay the control
INPUT
action until a signal exceeding a certain minimum amplitude is received. This is accomplished by applying a negative d-c voltage tc
the diode plate. In Fig. 25, a 10-volt value
c,
C2
is shown. Under this condition, the positive
•2
A:V,C.
swing of the signal must be slightly more than
10 volts before diode current Aows in the
Tc,
circuit. Since a.v.c. action is delayed until a
certain minimum signal is received, this system
Fis 25
is known as delayed a.v.c., or d.a.v.c.

AUTOMATIC NOISE SUPPRESSION
Automatic suppression of receiver noise is generally accomplished by utilizing the
rectifying action of a detector tube to supply control voltage tc a separate control tube
arranged so that the audio-frequency amplifier stages are cut out until a desired carrier
signal is fully tuned in. This effect may be obtained by a change in voltage on control
grid, screen, or suppressor of the audio-frequency amplifier tube. The use of the control
grid is probably preferable, since the voltage required for the control operation is small
and the current required for the desired voltage change is extremely small. The control
tube is known as the noise-suppression-control tube, n.s.c. tube, 0 tube, or squelch
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-------------------------~··-~------tube. Amplification of detector output occurs when a carrier is tuned in; attenuation
due to "cut-off" and zero mutual conductance occurs when the carrier input is lacking
or small. Fig. 26 illustrates a simple scheme of securing automatic noise suppression when
using a diode detector (V1 )1 a triode n.s.c. tube (V,); and a controlled amplifier tube (V,).

C[__I9GRD
lorAUDIO
AMPLf1tR

TUBf.

Fig. 26

When rio signal is present in the input transformer, no plate current Aows through
V 1 • There is no bias voltage applied to the grid of V 2 , so maximum plate current flows
through R,. The voltase developed across R, biases Va to cut-off so that it cannot amplify.
The audio stages of the receiver are thus suppressed. When a signal voltage is developed
across the input transformer, plate current flows through V1. D-c ,md a-f voltages are
produced across R. The d-c voltage is applied as negative bias to cut off V,. There is
then no voltage drop across R,, so Va operates with minimum fixed bias. V, then functions
as II regular amplifier for the a-f voltog_e applied through C, from R.
Fig. 27 shows a circuit employing the 55 and 57 arranged to take advant<1ge of the
combined features of diode detection, d.a.v.c., and n.s.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; diode B is
the detector. The triode is the n.s.c. unit. When a carrier signal is applied across the
input transformer, plate c:;urrent Aows from diode A through R and R1 back to A. The
bleeder resistor (R) pr,;,vides a negative bias of 14 volts to A in order to obtain delayed
a.v.c. A.v.c. voltage is obtained across R1 when the peak signal is slightly greater than
14 volts. At the same time, B also passes plate current which causes a drop through the
diode-load resistors (Rs and R,) to provide negative d-c bias for the 55 triode and a-I
N.S.C. AND D.A.V.C. CIRCUIT
CLOSt:COUPLEO

TO
PRlMA~Y

AN.C.

0000
0.5£1. RI
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Fig. 27

voltage for the 57 a-f amplifier. Under signal conditions, the 55 triode is biased to
cut-off. No current flows through load resistor R5 so that the 57 operates at maximum
plate current·-limited, of course, by the minimum bias supplied by the bleeder R7 • Under
this condition, the 57 amplifies the a-f voltage from diode Band passes it on to the audiorequency stages.
[ 21
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When no carrier signal is present in the input transformer, no plate current Rows
through diodes A or B. There is no a.v.c. action since diode A is biased 14 volts
negative. Under such conditions, maximum plate current Rows through R6 , causing
cut-off of the 57. With the indicated voltages, plate current cut-off occurs at about - 7
volts on the grid. Thus, the audio system is suppressed and no sound is heard from the
Ioudspea ker.
For small degrees of detuning under conditions of signal input, the n.s.c. circuit
will not function to suppress audio amplification until the a.v.c. circuit no lonser acts
to maintain the detector input constant. Thus, while noise suppression is obtained
effectively when the receiver is considerably detuned, there is a tendency for some noise
and carrier hiss to be heard when tuning is at or near the side-band limits. This makes
it desirable to reduce the delay in noise suppression control to a minimum.
To obtain this, the a.v.c. tube and the n.s.c. tube must be controlled by signal voltages
obtained from separate inputs, and for a small amount of detuning< the signal actuating
the n.s.c. tube must be reduced more sharply than that supplying the a.v.c. tube. One
convenient method is shown in Fig. 27. The overall selectivity at the secondary (L,) of
the input transformer is greater than at the secondary (Ls), so that during the detuning
process the signdl on diode B is reduced to a greater extent than the signal on diode A.
The selectivity of the secondary (L.) is less than that of L2 because Ls is more closely
coupled to the primary (L1). This arrangement can be utilized to provide the desired
suppression appreciably before the a.v.c. action increases the receiver sensitivity to
maximum.

OSCILLATION
As an oscillator, a radio tube can be employed to generate a continuously alternating
voltage. In present-day radio broddcast receivers, this application is limited practically
to superheterodyne receivers for supplying the heterodyning frequency. Several circuits
(represented in Fig. 28) may be utilized, but they all depend on feeding more energy
from the plate or output circuit to the grid or input circuit than is required to equal the
power loss in the tube. Feed-back may be produced by electrostatic or electromagnetic
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coupling between the input and output circuits. When sufficient feed-back occurs to
more than equal the tube losses, the tube will oscillate. The action consists of regular
surges of power between the plate and the grid circuit at a frequency dependent on
the circuit constants of inductance and capacity. By proper choice of these values, the
frequency may be adjusted over a very wide range.

FREQUENCY CONVERSION
In a superheterodyne receiver, the tubes and circuits used to generate the local
frequency and to mix it with the incoming radio signal to produce an intermediate
frequency, may be called a frequency-converter device.
One method employs a mixer tube in which the radio signal and local frequency
are applied to the same grid. The local frequency may be generated by a separate tube
or it may be generated within the mixer tube. This method generally depends on coupling
the oscillator dnd mixer circuits by either capacitive or inductive means.
Another method of interest depends on the electron stream as a coupling agent
instead of reactive coupling. This arrangement offers advantages in eliminating undesired
intercoupling effects between signal, oscillator, and mixer circuit and in reduction of
[22]
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local-frequency radiation. Furthermore, not only simpler circuits can be utilized but
also freedom from the effects of variation in oscillator voltage can be obtained. A
simple device depending on the electron stream as a coupling agent may be imagined
in which the space current of the mixer tube is modulated by Vdridtion in cathode emission.
Conceivably, the cathode current might be modulated by variation in cathode temperature
produced by filament-current Vdriation. Practically, however, this same effect can be
accomplished by placing d grid and a supplementary anode-grid between the cathode
and the control-grid ,ind by using these electrodes in conjunction with the cdthode
to dccomplish the moduldtion of the cathode current.
With this ldtter arr<1ngement, the cathode and the first
PLATE
two grids may be regarded theoretically as a composite
cR,~sN~i
cathode which supplies a modulated electron stream. This
GA,o N•4 modulated cathode-stream may be further controlled and
GR,o ,..,
ca,o Nu utilized by means of the addition of other grids and a plate,
•1HooE
as, for example, in the pentagrid converters 2A7 and 6A7;
HEATER
see Fig. 29. Grid No. 1 is the control grid for the oscillator
F·
portion of the tube. Grid No. 2 is the anode for the oscil29
,a.
lator. Grids No. 3 and No. 5, connected together within
the tube, are used to accelerate the electron stream from the cathode. In addition, grids
No. 3 and No. 5 electrostatically shi~ld the signal control grid No. 4 from the other
electrodes. This shielding action increases the output impedance of the tube-a desirable
characteristic from a gain standpoint.
In operation, the cathode, grid No. 1, and flrid No. 2 form the oscillator portion of
the tube. Electrons emitted from the cathode can be controlled in their Aow to the
oscillator-anode (grid No. 2) by grid No. 1. The oscillator-grid circuit, therefore,
can be made to oscillate at any desired frequency so that the electron stream,
in Rowing through the No. 1 grid, will be modulated at this frequency. This
modulated electron stream comes under the inAuence of grid No. 3, which is operated
at a positive potential with respect to the cathode. As a result, the electron stream is
accelerated toward the plate by this grid. The incoming radio-frequency signal, applied
to grid No. 4, further modulates the electron stream (already modulated at the oscillator
frequency), thus producing components of plate current the frequencies of which are
the v.:,rious combinations of the oscillator and signal frequencies. Since the primary
circuit of the first i-f stage is designed for resonance a.t the intermediate frequency (equal
to the difference between the oscillator and signal frequencies), only the desired intermediate frequency will be present in the secondary of the i-f transformer.

Assembling R•dio Tubes
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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 observ,rnce
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 may cause unsatisfactory
operation and reduced tube life. On the other hand, high cathode voltage causes
rapid evaporation of cathode material and shortened life. To insure proper tube opera•
tion, the filament or heater voltage should be checked at the socket terminals by means ol
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: t.lament or heater operation should be considered on the basis ot 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 milliameter 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 recuperates during off-periods. In the case of storage-battery supply,
air-cell-bottery supply, or d-c power supply, a non-adjustable resistor of suitable value
may be used. It is well, however, to check operating conditions and, thus, the resistor
value initially by means of a 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 storagecell, 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 - Roted volt, of tube type
Required Resist.~nce {ohms)
Total tdted filament current

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 +2X0.130 ampere), Le;, 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. The power dissipation in watts is
equal to the voltage drop in the resistqr multiplied by the total filament current in
amperes. Thus, for the example ab'ove, 1X0.'56=0.56 watts. In this case, the value
is so small that any commercial rheostat with suitable resistance will be adequate.
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For the cdse where the hedters and/or filaments of several tubes are operdted in
series, the resistor value is cdlculated by the following formula, also derived from
Ohm's law.
Supply volts

Tot.I Tdted volts of tubes

~eouired Resistance (ohms

Rated amperes of tubes

Thus, ii a receiver having one 78, one 77, one 43, and one 25Z5 is to be operated
from a 120-volt power line, the series resistor is equdl to 120 volts (the supply voltage)
minus 62.6 volts (the sum of 2X6.3 volts +2X25 volts) divided by 0.3 dmpere (current
rdting of these tubes), i.e., approximately 191 ohms. The Wdttage dissipation in the
resistor will be 120 volts minus 62.6 volts times 0.3 dmpere, or approximdtely 17.2 watts.
A resistor hdving d wattdge rdting in excess of this Vdlue should be chosen. It will be
noted in the example for series operation that dll tubes have the same current rating.
If it is desired to connect in series tubes hdving different current ratings, tubes of the
lower rdtings should hdve shunt resistors pldced 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 rdting.
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. Precdutions should be taken to
see that the line voltage is the same as that for which the primdry of the transformer
is designed. The line voltage may be determined by measurement with dn d·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 tubes. Any radio tube
m,y be ddmaged 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 Auctuations
should be very carefully noted. Many radio sets are equipped with a line-voltage
switch which permits adjustment of the power transformer primary to the line voltage.
When this switch is properly adjusted, the series-resistor or booster-transformer method
of controlling line voltage is seldom required.
In the case of the series arrangement of filaments and/or heaters, a voltage-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 will operate at their rated
heater or filament current. The method for calculating the resistor value is given above.

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

PLATE VOLTAGE SUPPLY
The plate voltage for radio tubes is obtained from batteries, devices for rectifying
a.c., direct-current power lines, and small local generators. Auto radios have coused
the commercial development of a number of devices for obtaining a hi~h-voltage d-c

supply either from the car storage-battery or from a generotor driven by the car engine.
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The mdximum pldte voltage value for dny tube type should not be exceeded if most
satisfactory performdnce is to be obtdined. Pldte voltage should not be applied to a
tube unless the corresponding recommended grid voltage is also supplied to the grid.

GRID VOLT AGE SUPPLY
The recommended grid voltages for different operating conditions have been carefully determined to give the most satisfactory performdnce. 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 d resistor in the cathode circuit. This last is called the
"self-bias" method, since the cathode 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 termindls. 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 tied into a more negdtive tap than the cathode.
The self-biasing method utilizes the voltage drop produced by the cathode current
Rowing through a resistor (Fig. 30) connected between the cathode and the negative
termina I 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 e
tetrode-or of a pentode. Since the voltage drop along the resistdnce is increasingly
negative with respect to the cdthode, the required negative grid-bids voltage can be
obtdined by connecting the grid return to the negative end of the resistance.
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The size of the resistance for self-biasing a single triode can be determined from the
bllowing formula:
Desired srid bias voltase X 1000
Resistance (ohms) - - - - - - - - - - - Rated plate current in milliamperes

Thus, the resistdnce required to produce 9 volts bias for a triode which operates at
3 milliamperes plate current is 9X1000/3=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 screen grid tubes or pentodes, the cathode
current is the sum of the screen dnd the plate current.
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 (d.v.c.), from a
bleeder circuit by means of changes in bleeder current caused by the a.v.c. tube. In
any case, it is important that the control be arransed so that less than the minimum recommended grid-bias voltage cannot be applied to the grid. This requirement may be met by
a stop on the potentiometer, by a fixed resistance in series with the variable section, or
by a fixed cathode resistance in addition to the regulating resistor. See Figs. 31 to 33,
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Fis. 32

Fig. 31

Fis. 33

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 Foor-electrode (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. Tubes of the pentode construction, however, may utilize the series-resistor arrangement, since this construction
makes possible greater uniformity of the screen-current characteristic. See Fig. 34.

A+

A-

B-

8+

Fi9. 35

Fis. 34

Screen voltage variation for the r-f amplifier stages is sometimes used for volume
control of the receiver. Reduced screen voltage lowers the mutual conductance of the
tube and results in decreased gain per stage. The voltage variation is obtained by means
of a potentiometer shunted across the screen voltage supply. See Fig. 35.

SHIELDING
Circuits employing high-gain tubes, particularly screen grid types, require shielding
ii stable operation and high-gain per stage are to be obtained. Unless shielding is
employed, undesired electro-magnetic and electrostatic coupling may occur between
stages so that energy is fed back from an amplifier stage to a preceding stage. This feedback action can produce many harmful effects on receiver performance. In multi-tube
high-frequency circuits it is necessary to place each stage, with its tube and coupling
device 1 within a metal inclosure. When screen grid tl!lbes are used 1 each tube should be
inclosed in its separate tube shield in order to prevent feed-back from the plate circuit
to the grid circuit. For any receiver design, the details of circuit and construction determine the amount of shielding required to provide good performance.

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. 36 illustrates several forms of
filter circuits. In these, the condenser forms the low-impedance path, while the choke

or resistor assists in diverting the signal through the condenser by offering a high-impedance to the power-supply circuit.

f 21 l
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The choice of d resistor or choke depends chieAy upon the permissible d-c voltdge
drop through the filter. In circuits where the current is small (d few millidmperes)
resistors are practicdl; where the current is large, or regulation important, chokes are
more suitable.
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fig. 36

The minimum practica I size of the condensers may be estimated in most cases by the
following rule: The impedance of the condenser 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
one-tenth. Radio-frequency circuits, particularly at high frequencies, require highquality condensers. Mica condensers are preferable. Where stage shields are employed, filters should be placed within the shield.
Another importdnt 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. 37. In any filter design problem, the lodd impedance must be considered
as an integral part of the filter because the lodd is such an important foctor in filter performance. Smoothing effect is obtdined from the chokes becduse 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 is released on the voltage dips and serves to maintain the
voltage at the load 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. 37. The
CIRCUIT SECTION gives a number of examples of rectifier circuits with recommended
filter constants.
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If 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.
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OUTPUT-COUPLING DEVICES
An output-coupling device is used in the pldte circuit of d power output tube to keep
the comparntively high d-c pldte current from the winding of an electro-magnetic speaker
dnd, dlso, to trdnsfer power efficiently from the output stage to a loudspeaker of either
the electro-magnetic or dynamic type.
PLATE

ATE
lNPUT

~

10-~H
CHOKE

Ill

TO
LOUDSPEAKER

~B+

TRANSFORMER

METHOD

CHOKE-COIL METHOD

fig. 38

Output-coup! ing devices are of two types, (1) choke-condenser and (2) transformer.
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 pldte current component of the signal voltage but opposes
the Aow of the Auctuating component. A by-pass condenser of 2 to 6 µ.f supplies a path
to the speaker winding for the signal voltage. The transformer type is constructed With
two separate windings, a primary and a secondary, wound on an iron core. This construction permits of designing each winding to meet the requirements of its position in the
circuit. Typical arrangements of edch type of coupling device are shown in Fig. 38.
Examples of transformers for push-pull stages are shown in severdl of the circuits given
in the CIRCUIT SECTION.

P•rts ond Assembly of the 58
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VIEWS OF RADIO TUBE
(1) C•rbonizing interior wolls of g/•ss bulbs-This machine places
a band of carbon dust within the bulb-then neatly cleans the
top and bottom section of the bulb.
(2) Gauging bulbs-Uniform bulb dimensions are essential for
making quality tubes with modern high-speed equipment.
(3) Inspecting he•ters-A shadow picture of a coiled heater
magnified 100 times. Heater turns are closely SP<.3ced and are
formed from wire often finer than a humdn hair.
(4) Winding grids-Grid-winding machines outomoticolly wind
the correct number of turns for edch grid.
(5) Welding the tube leads-This machine simultaneously welds
together three unlike met-,1s-the copper wire connector for the
base pin, the dumet wire for the glass se<1l, o:md the nickel wire
for the support of the tube ports.

[ 30]

MANUFACTURING PROCESSES
(6) G•uging grids-Inside and outside diometers ore meosured
to 0.001 inch
(7) Spraying hea!ers-Ceromic materiol is sprayed on the heoters
to insulate them from their cttthode sleeves.
(8) Assembling tube mounts-All metal connections ore welded
to insure high electrical conductivity and sturdy construction.
(9) Sealing, exhausting, and basing processes

This hishly-

invoJved manufacturing unit completes the operdtions of tube

ossembly.
(10) Inspecting finished tubos-£.ch tube is carefully tested
before it is packed in its individual sealed carton.
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Type 1A6
PENT AGRID CONVERTER
The 1 A6 is d multi-electrode type of
vacuum tube designed to perform simulsonoM v1Ew
taneously the function of d 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
rtplaces the two tubes required in conventional circuits and gives improved performance. For general discussion of pentagrid types, see Frequency Conversion, page 22.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).......................
2.0
FILAMENT CURRENT................ . . . . . . . . . . . . . .
0.060
DIRECT lNTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate ...... (With shield-can) ....... .
0.25
Grid No. 4 to Grid No. 2 (With shield-can) ....... .
0.2
Grid No. 4 to Grid No. 1 (With shield-can) ....... .
0.1
Grid No. 1 to Grid No. 2 ...................... .
0.8
Grid No. 4 to all other Electrodes (R-F input)... . .
10. 5
Grid No. 2 to all other Electrodes (Osc. output) ... .
6
Grid No. 1 to all other Electrodes (Osc. input) .... .
5
Plate to all other Electrodes (Mixer'Output) ........ .
9
BULB (For dimensions, see Page 151, Fig. 7) ............... .
CAP .................................................. .
BASE......
. ......................... .

Volts
Ampere
µµf
µµf
µµf
µµf
µµf
µµf
µµf
µµf

ST-12
Small Metal
Small 6-Pin

Converter Service
PLATE VOLTAGE ............................... .
SCREEN VOLTAGE (Grids No. 3 and 5) ............. .
ANODE-GRID VOLTAGE (Grid No. 2) .............. .
ANODE-GRID VOLT AGE SUPPLY• ................... .
CONTROL GRID VOLTAGE (Grid No. 4) ........... .
TOTAL CATHODE CURRENT ........................ .
TYPICAL OPERATION
Plate Voltage ........................ .
135
67.5
Screen Voltage........... . . . ..... .
135
Anode-Grid Voltage .................. .
135
Anode-Grid Voltage Supply ........... .
-3
Control Grid Voltage. . . . . . . . . . . . .... .
50000
Oscillator Grid Resistor (Grid No. 1) .... .
1.2
Plate Current ......................... .
2.5
Screen Current ....................... .
2.3
Anode-Grid Current .................. .
0.2
Oscilldtor Grid Current. ............... .
6.2
Totdl Cathode Current. ................ .
0.4
Plate Resistdnce ....................... .
275
Conversion Conductance. . . . . . . . ...... .
Conversion Conductance (at -22.5 volts on
4
Grid No. 4) ...................... .

180 max.
67 .5 max.
135 max.
180 max.
-3 min.
9 max.
180
67.5
135
100•
-3
50000
1. 3
2.4
2.3
0.2
6.2
0.5
300
4

Volts
Volts
Volts
Volts
Volts
Milliamperes
Volts
Volts
Volts
Volts
Volts
Ohms
Millidmperes
Milliamperes
Milliamperes
Milliampere
Milliamperes
Megohm
Micromhos
Micromhos

• Applied through 20000-ohm dropping resistor.
The mutu•I conductance of the oscillator portion (not oscilloting) of the 1 A6 is 425 micromhos under the
following conditions: Plate voltage, 135 to 180 volts, screen voltage, 67.5 volts, anode-grid voltage (no
voltdge-dropping resistor), 135 volts; and :rero oscillator grid ~olts.

dnode~grid current is 2.3 milliomperes.
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INSTALLATION
The base pins of the 1 A6 require the use of d standard six-contact socket which
should be installed to hold the tube in a vertical position.
The coated Alament of the 1 A6 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 1 A6 requires no
filament resistor. Operation from an air-cell battery requires a fixed resistor in the
Filamznt circuit. This resistor should have a value such that with a new air-cell battery,
the voltage applied across the filament terminals will not initially exceed 2.15 volts.

Series operation of the filament of the 1A6 with those of other two-volt battery types
is not recommended. 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 1 A6 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 the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not particularly critical for frequencies up to 10 megacycles.
For higher frequencies the 1 C6 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-gr;d 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 µf. The
size of the resistor in the grid circuit of the oscillator is not critical but requires design
adj'ustment, depending upon the values of the anode-grid voltage and of the screen
vo tage. Ad/·ustment of the circuit should be such that the cathode current is approximately 6 mil iamperes. Under no condition of adiustment 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 combination 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 cf
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 size
of the load condenser in the plate circuit should be not
less than 50 µµf.
Converter circuits employing the 1A6 may easily 62
designed to have a translation gain of approximately 40.
A typical circuit is shown which provides exceptionally

uniform oscillator output 011er the entire grid-bias range.
Refer to page 50 for details of oscillator coil assemblies.
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Type 1C6

PENT AGRID CONVERTER
The 1C6 is a multi-electrode type of
vacuum tube designed to perform simultaneously the function of a 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 fer use in bdttery-operated receivers. ln such service, this tube
replaces the two tubes required in conventional circuits and gives improved performance. It is especially usdul in multi-range receivers which are often designed to cover
frequencies as high as 20 megacycles. For general discussion of pentagrid types, see
FREOUEl'.:C>' CONVERSION, page 22.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.)..
. ............. .
2.0
FILAMENT CURRENT. . . . . . . ...................... . 0.120
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate ....... (With shield-can) ....... .
0.3
Grid No. 4 to Grid No. 2 (With shield-can) ....... .
0.3
Grid No. 4 to Grid No. 1 (With shield-can) ....... .
0.15
Grid No. 1 to Grid No. 2 ...................... .
1.5
Grid No. 4 to all other Electrodes (R-F input) ...... .
10
Grid No. 2 to all other Electrodes (Osc. output) ... .
6
Grid No. 1 to all other Electrodes (Osc. input) .... .
6
Plate to all other Electrodes (Mixer output) ........ .
10
BULB (For dimensions, see Page 151, Fig. 7) ........... .
CAP ...................... ' .... ' ..... ' .......... .
BASE........ . ............................ .
Converter Service
PLATE VOLTAGE ............................... .
180 max.
SCREEN VOLTAGE (Grids No. 3 and 5) ..... .
67. 5 max.
ANODE-GRID VOLTAGE (Grid No. 2) .............. .
135 max.
ANODE-GRID VOLTAGE SUPPLY* ................. .
180 max.
CONTROL GRID VOLTAGE (Grid No. 4) ............ .
-3 min.
TOTAL CATHODE CURRENT. ....................... .
9 max.
TYPICAL OPERATION
Plate Voltage ........................ .
135
180
Screen Voltage ....................... .
67.5
67.5
Anode-Grid Voltage Supply ........... .
135*
180*
Control Grid Voltage. . . . . . . . . . . .... .
-3
-3
Oscillator Grid Resistor (Grid No. 1) .... .
50000 50000
Plate Current ......................... .
1.3
1.5
Screen Current (Approximate) ........... .
2
2
2.6
3.3
Anode-Grid Current .................. .
Oscillator Grid Current ................ .
0.2
0.2
6.5
Total Cathode Current (Approximate) .... .
7
0.55
0.75
Plate Resistance. . . . . . . . . . . . . . . . . . . . .. .
Conversion Conductance ............... .
300
325
Conversion Conductance (At -14 volts on
Grid No. 4) ....................... .
4
4

Volts
Ampere
µµf
µµf
µµf
µµf
µµf
µµf
µµf
µµf

ST-12
Small Metal
Small 6-Pin
Volts
Volts
Volts
Volts
Volts
Milliamperes
Volts
Volts
Volts
Volts
Ohms
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes
Megohm
Micromhos
Micromhos

Applied through 20000-ohm dropping resistor.
The mutu•I conduct•nce of the oscill•tor portion (not oscill•ting) of the 1C6 is 1000 micromhos under the
following conditions: Pl•te voltage, 135 to 180 volts; screen volt•ge, 67.5 volts, anode-grid volt•ge (no volt•sedropping resistor), 135 volts; dnd zero oscilldtor grld volts. Under these same conditions, the anode-grid
curr~nt is 4.9 milliamperes.
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INSTALLATION
Refer to INSTALLATION on Type 1 A6

APPLICATION
As a frequency converter in superheterodyne circuits, the 1 C6 cdn 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 pldte
vo!tdge must edch be higher than the screen voltage.
For oscillator circuit informdtion, refer to APPLICATION on Type 1 A6. Final
adjustment of the 1 C6 circuit should be such that the Cdthode current is dpproximdtely
6.5 millidmperes. The cathode current should never exceed 9 milliamperes under any
condition of adjustment.
This tube, which is similar to the 1 A6 dithou9h not directly interchdngeable with
it, requires twice the fildment current of the latter, but offers the fedture of an extended
operating range at the higher frequencies. This fedture is of particular vdlue in the design
of multi-range receivers, since the osdlldtor section of the 1C6 has sufficient mutudl
conductdnce to function at frequencies as high as 25 megdcycles. In order to cover this
same rdnge of operation, the 1A6 requires the use of a triode connected in pdrdllel
with the oscillator section for frequencies dbove 10 megacycles.
The maximum conversion transconductance is obtained with an osci Ilator-grid current
of slightly less than 0.2 mllliampere. The size, inductance, and coupling of the oscillatorgrid and pldte coils will determine this value. The coupling of these coils should be
adjusted to make the oscillator-grid current the proper value (dpproximately 0.2 millidmpere) when a grid condenser of 250 µ.µ.f and a grid leak of 50000 ohms dre used.
Refer to page 50 for details of oscillator-coil ,memblies.

AVERAGE CHARACTERISTICS
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Type 2A3
POWER AMPLIFIER TRIODE
The 2A3 is a three-electrode, highvacuum type of power amplifier tube for
use in the power-output stage of a-c opsonoM v,Ew
erated receivers. The exceptionally large
power-handling ability of the 2A3 is the
result of its design features. Among these are its extremely high mutual conductance
and its highly efficient cathode which is composed of a large number of coated filaments
arranged in series-parallel. This unusual feature provides d very l.;rge effective cathode
area ond thus makes possible the desirable characteristics of the 2A3.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D. C.)...............
2. 5
FILAMENT CURRENT... . . .. .. . .. .. . . .. . .. . . . .. . . . ..
2. 5
GRID-PLATE CAPACITANCE.........................
13
GRID-FILAMENT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
9
PLATE-FILAMENT CAPACITANCE. . . . . . . . . . . . . . . . . . . .
4
BULB (For dimensions, see Page 151, Fig. 13) ................. .
BASE .................................................. .

Volts
Amperes
µµf
µµf
µµf

ST-16
Medium 4-Pin

As Single-Tube Class A Amplifier
FILAMENTVOLTAGE(A.C.).......................
PLATE VOLTAGE.................................
GRID VOLTAGE*.................................
PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
PLATE RESISTANCE................................
AMPLIFICATION FACTOR...........................
MUTUAL CONDUCTANCE..........................
LOAD RESISTANCE................................
SELF-BIAS RESISTOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
UNDISTORTED POWER OUTPUT. . . . . . . . . . . . . . . . . . . . . .

2.5
250 max.
-45
60
800
4.2
5250
2500
750
3. 5

Volts
Volts
Volts
Milliamperes
Ohms
Micromhos
Ohms
Ohms
Watts

As Push-Pull Class AB Amplifier (Two Tubes)
Fixed-Bias Self-Bias
FILAMENT VOLTAGE (A. C.) .............. .
2.5
2.5
PLATE VOLTAGE (Maximum) .............. .
300
300
-62
GRID VOLTAGE* ........................ .
-62
SELF-BIAS RESISTOR ...................... .
750
PLATE CURRENT (Per tube) ................ .
40
40
LOAD RESISTANCE (Plate-to-plate) .......... .
3000
5000
2.5
TOTAL HARMONIC DISTORTION ........... .
5
POWER OUTPUT ........................ .
15
10
* Grid volts me•sured from mid-point of •-c oper•ted fil•m<nt.

Volts
Volts
Volts
Ohms
Milliamperes
Ohms
Per cent
Watts

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.
[36]
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APPLICATION
(Class A), the 2A3 is usable either singly or in push-pull

As a power amplifier
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 9iven 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 mutual
conductance of these tubes-5250 micromhos. This very high value makes the 2A3 somewhat critica I 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 secondary 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 impedances are recommended. When self-bias is used, the d-c resistance in the grid circuit should not exceed
0.5 megohm. With fixed-bias, however, the d-c resistance should not exceed 10000 ohms.
Additional curve information is given on page 35.
AVERAGE: PLATE CHARACTERISTICS
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Type

2As

POWER AMPLIFIER PENTODE
The 2AS is a heater-cathode type of
power-amplifier pentode for use in the
audio-output stage of a-c receivers. It is
eonoM v1Ew
capable of giving large power output
with a relatively small input-signal voltage. Because of the he<1ter-cathode construction, a uniformly low hum-level is attainable
in power-amplifier design.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
2.5
HEATER CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . 75
BULB (For dimensions, see Page 151, Fig. 11) ................. .
BASE .................................................. .

Volts
Amperes
ST-14
Medium 6-Pin

As Single-Tube Class A Amplifier
Triode Connection
Pentode Connection
Screen tied to plate
PLATE VOLTAGE.....................
250
SCREEN VOLTAGE.. . .. . .. .. .. .. . .. .
250
GRID VOLTAGE ..................... -16.5
PLATE CURRENT.. . . . . . . . . . . . . .
34
SCREEN CURRENT. . . . . . . . . . . . . . . . . .. .
6. 5
PLATE RESISTANCE. .................. 100000
AMPLIFICA TJON FACTOR . . . . . . . . . . . . .
220
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . 2200
LOAD RESISTANCE. . . . . . . . . . . . . . . . . . . 7000
TOTAL HARMONIC DISTORTION........
7
POWER OUTPUT. . . . . . . . . . . . . . . . . . . . .
3

max.
max.

250 max.
-20
31

approx.
approx.

2700
6.2
2300
3000
5
0.65

Volts
Volts
Volts
Milli<1mperes
Milliamperes
Ohms
Micromhos
Ohms
Per cent
Watts

As Push-Pull Class AB Amplifier (Triode Connection)
Screen tied to pl•te

Fixed-Bias
PLATE VOLTAGE .................... .
GRID VOLTAGE ................... .
SELF-BIAS RESISTOR .................. .
ZERO-SIGNAL PLATE CURRENT (Per tube)
LOAD RESISTANCE (Plate-to-plate) ..... .
TOTAL HARMONIC DISTORTION ....... .
POWER OUTPUT (2 tubes) ............ .

350 max.
-38
21
8000

5
18"'

Self-Bias
350 max.
730
21
8000

5

1st

• With one 2A5 driver (connected•• triode) •t pl•te voltage of 250 volts, grid volt•ge,

Volts
Volts
Ohms
Milliamperes
Ohms
Per cent
Watts
20 volts, •nd pl•te

lo.ad 1 4ppro;cimdteJy 24600 ohms. Input trdnsformer ratio, primdry to one~haff secondary is 1.6.

t With one 2A5 driver(connected •• triode) at plate voltage of 250 volts; grid voltage,

20 volt., •nd pl•t•
lodd, approsim,tely 25200 ohms. Input tr•nslormer r•tlo, primary to one-holf second•ry, is 1.14.

INST ALLA Tl ON
The base pins of the 2A5 fit the standud 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 oper<1tion.
Sufficient ventilation should be provided to prevent overheating.
[ 38
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The heater is designed to operate at 2.5 volts. The transformer winding supplying
the heater circuit should be designed to operdte the hedter at this recommended value
for full-lo11d operating conditions dt avefdge line voltage.
The cathode should preferably be connected directly to a mid-tap on the heater
winding or to a center-tapped resistor across the hedter winding. If this practice is
not followed, the potential difference between hedter and cathode should be kept as
low as possible.
APPLICATION

As a Class A power-amplil'ier pentode, the 2A5 may be used either sin_sly or in
push-pull. Recommended operating conditions are given under CHARACTERISTICS.
If a single 2A5 is operated at a plate voltage of 250 volts, the self-bias resistor should
have a value of approximately 410 ohms. For two tubes in the same stage, the value of
the self-bias resistor should be approximdtely one-half that for a single tube.
As a Class A power-ampliRer triode, the 2A5 may be used either singly or in pushpull. For this service the screen is connected to the plate. Recommended operating
conditions are given under CHARACTERISTICS. If a single 2A5 is operated as a
Class A triode at a plate voltage of 250 volts, the self-bias resistor should have a value
of approximately 650 ohms. For two tubes in the same stage, the value of the self-bias
resistor should be approximately one-half that for a single stage.
As a Class AB power-amplifter triode, the 2A5 should be operated as shown under
CHARACTERISTICS. The values shown cover operation with fixed-bias and with
self-bids, and have been determined on the basis of some grid current Aow during the
most positive swing of the input signal and of cancellation of second-harmonic distortion
by virtue of the push-pull circuit.
Self-bias resistors should be shunted by a filter network to avoid degeneration at
the low dudio-frequencies. The filter network may be omitted for push-pull Class A
pentode ,md Cldss A triode service.
The type of input coupling used should not introduce too much resistdnce in the
grid circuit. Transformer or impedance coupling devices are recommended. If, however,
resistance coupling is employed, the grid resistor should not exceed one megohm with
self-bias provided the heater voltage does not rise more than 10 per cent above the rated
value under any conditions of operation; without self-bias, the value should be limited
to 0.1 megohm.
Additional curve information is given under type 42.

AVERAGE PLATE CHARACTER!STIC.S
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Type

2A6

DUPLEX·DIODE HIGH-MU
TRIODE
The 2A6 is a 2.5-volt hedter type of
tube consisting of two diodes and a
high-mu triode in a single bulb. It is for
sonoM v1Ew
use as a combined detector, dmplifier, dnd
automatic-volume-control tube in a-c receivers designed for its chdracteristics. For diode-detector considerations, refer to
page 19.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . . . . .
2. 5
HEATER CURRENT. . . • . • • • . . . . . . • . . . . . . . • • . . . . • • . . .
0. 8
GRID-PLATE CAPACITANCE.........................
1. 7
GRID-CATHODE CAPACITANCE............. . . . • . . .
1. 7
PLATE-CATHODE CAPACITANCE....................
3. 8
BULB (For dimensions, see Page 151, Fig. 7) .................. .
CAP .......•••........•...•.••.•...•..•.•......•.....•.
BASE ........••••....•..•.........••........•.••...•.....

Volts
Ampere
µ.µ.f
µ.µ.f
µ.µ.f

ST-12
Small Metal
Small 6-Pin

Triode Unit-As Class A Amplifier
PLATE VOLTAGE ...•...•....•..•.••..••.••....•••
GRID VOLTAGE ..•...•..••.....•.••••....•.•••...
AMPLIFICATION FACTOR ........•••..••••...•...•••
PLATE RESISTANCE ............................... .
MUTUAL CONDUCTANCE •••...•••.•.•...•. ., • .' .•••
PLATE CURRENT ..............•....••.•..•..•....•

250 max.

-2
100
91000
1100

0.8

Volts
Volts
Ohms
Micromhos
Milliampere

Diode Units
The two diode plates are placed around a cathode, the sleeve of which is common
to the triode unit. Each diode plate hds its own base pin. Operation curves for the
diode units are given on page 45.

INSTALLATION
The base pins of the 2A6 fit the standard six-contect socket which may be instdl!ed
to hold the tube in any position.
Heater operation and cathode connection are the same as for the type 2A5.

APPLICATION
The 2A6 in many respects is similar in application to the 55. The outstdnding difference, however, is thdt the 2A6 has II high-mu triode. For this reason, the tube is recommended for use only in resistance-coupled circuits. Furthermore, diode-biasing of the
triode unit is not suitable because of the probability of triode pldte-current cut-off, even
with relatively small signal voltages dpplied to the diode circuit.
As an amplifier in resistance-coupled a-f circuits, the 2A6 may be operdted under
the conditions given on page 150. A family of average plate characteristics curves
dpplicable to this type will be found under type 75.
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Type 2A 7
PENTAGRID CONVERTER
The 2A7 is a multi-electrode type of
vacuum tube designed to perform simulBOTTOM VIEW
taneously the functions of a 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 22.

CHARACTERISTICS

HEATER VOLTAGE (A. C. or D. C.) ...........•.....
2.5
0.8
HEATER CURRENT ................................ .
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Gr(d No. 4 to Pla~e ...... (W!th sh!efd-cdn)..... . . .
O. 3
Grid No. 4 to Gnd No. 2 (With shield-can)........
0.15
Grid No. 4 to Grid No. 1 (With shield-can)..... . . .
0. 15
Grid No. 1 to Grid No. 2.......................
1.0
Grid No. 4 to all other Electrodes (R-F input).......
8. 5
Grid No. 2 to all other Electrodes (Osc. output)....
5. 5
Grid No. 1 to all other Electrodes (Osc. input).....
7 .0
Plate to all other Electrodes (Mixer output).........
9. 0
BULB (For dimensions, see Pdge 151, Fig. 7) .................. .
CAP ................................................... .
BASE ............................................... ·... .

As Frequency Converter
PLATE VOLTAGE ................................ .
ScREEN VOLTAGE(Grids No. 3 dnd No. 5) ......... .
ANODE-GRID VOLTAGE (Grid No. 2) .............. .
ANODE-GRID VOLTAGE SUPPLY (Grid No. 2)* ....... .
CONTROL GRID VOLTAGE (Grid No. 4) ............ .
TOTAL CATHODE CURRENT. ....................... .
TYPICAL OPERATION
Plate Voltage .....................•...
100
Screen Vo!tage ....................... .
50
Anode-Grid Voltage .................. .
100
Control Grid Voltage (Minimum) ....... .
-1.5
Oscillator Grid Resistor (Grid No. 1) .... .
10000
Plate Current ......................... .
1.3
Screen Current ....................... .
2.5
Anode-Grid Current. ................. .
3.3
Oscillator Grid Current. ............... .
1.2
Cathode Resistor ...................... .
150
Plate Resistance ....................... .
0.6
Conversion Conductance ............... .
350
Control Grid Voltage, Approximate (Conversion conductance
2 µmhos). . . . . . .
-20

250 max.
100 max.
200 max.
250 max.

-3 min.
14 max.
250
100
200

-3
50000

3.5
2.2

4 .. 0
0.7
300

0.36
520
-45

Volts
Ampere
µµf
µµf

µµf
µµf
µµf
µµf
µµf
µµf

ST-12
Small Metal
Small 7-Pin
Volts
Volts
Volts
Volts
Volts
Milliamperes
Volts
Volts
Volts
Volts
Ohms
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Megohm
Micromhos
Volts

• Volt.ses in excess of 200 volts require use of 20000-ohm volt•se-droppins resistor.

INSTALLATION
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 2A5. ·

Complete shielding of the 2A7 is generolly necessory to prevent intercoupling

between its circuit and the circuits of other stages.
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APPLICATION
As d frequency converter in superheterodyne circuits, the 2A7 can supply the local
oscillator frequency and at the same time mix it with the radio-input frequency to provide
the desired intermediate frequency. For this service, design information is given under
CHARACTERISTICS.
For the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not particularly critical. The supply voltdge applied to the
anode-grid (No. 2) should not exceed the maximum value of 250 volts. In fact, from
a performance standpoint, a lower value is to be preferred, because it will be adequate
to provide for optimum translation gain. The size of the resistor in the grid 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 11 milliamperes. Under no condition of
adjustment should the cathode current exceed a recommended maximum value of 14 milliamperes. The following tabulation gives suitable values for different voltages on the
electrodes.
PLATE VOLTAGE. ......................... .
100
250
250 Volts
SCREEN VOLTAGE (Grids No. 3 and No. 5) ... .
so
100 Volts
75
250* Volts
ANODE-GRID (No. 2) VOLTAGE ......•.... , •
100
100
GRID (No.1) RESISTOR ...................... . 10000-25000 25000-50000 50000-100000 Ohms
* Applied through resistor of 20000 ohms.

The bias voltage applied to grid No. 4 can be varied from -3 volts to cut-off to
control the translation gain of the tube. With lower screen voltages, the cut-off point
is less remote. The extended cut-off feature of this tube in combination with the similar
characteristic of super-control tubes can be utilized advantageously to adjust receiver
sensitivity.
Since the capacity between grid No. 4 and plate is in a parallel path with the capacity
and inductance of the plate load, it is important to use a load capacity of sufficient size
to limit the masnitude 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 size of the load condenser in the plate circuit should be
not less than 50 µµf.
Converter circuits employing the 2A7 may easily be designed to have a translation
gain of approximately 60. A typical circuit is shown on page 50.
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Type 2B7
DUPLEX-DIODE PENTODE
The 2B7 is a heater type of tube consisting of two diodes and a pentode in a
single bulb. It is recommended for service
as a combined detector, amplifier (radiofrequency, 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 diodedetector considerations, refer to page 19.
The two diodes and the pentode in this tube are independent of each other except
for the common cathode sleeve, which has one emitting surface for the diodes and another
for the pentode. This independence of operation permits of desirable Aexibility in circuit
arrangement and design. The pentode unit of the 287 provides a means for obtaining
high gain in the amrlification of (1) the r-f or i-f input to the diode (s) or (2) the demodulated output o the diode (s).

CHARACTERISTICS
Volts
HEATER VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . . . • .
2. 5
Ampere
HEATER CURRENT.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 8
µµf
GRID-PLATE CAPACITANCE (With shield-can).........
0.007 max.
µµf
INPUT CAPACITANCE..............................
3.5
µµf
OUTPUT CAPACITANCE...... . . . . . . . . . . . . . . . . . . . . . .
9. 5
ST-12
BULB (For dimensions, see Page 151, Fig. 7) .................. .
Small Metal
CAP ................................................... .
BASE .......... '.' ..................................... .
Small 7-Pin

Pentode Unit-As Class A Amplifier
PLATE VOLTAGE..........
SCREEN VOLTAGE.........
GRID VOLTAGE...........
PLATE CURRENT...........
SCREEN CURRENT... . . . . . . .
PLATE RESISTANCE........
AMPLIFICATION FACTOR...
MUTUAL CONDUCTANCE...
GRID VOLTAGE(Approx.)*.

100
100
-3
5. 8
1 .7
0.3
285
950
-17

180
75
-3
3 .4
0. 9
1.0
840
840
-13

250
100
-3
6. 0
1.5
0.8
800
1000
-17

250max.
125max.
-3
9 .0
2. 3
0.65
730
1125
-21

Volts
Volts
Volts
Milliamperes
Milliamperes
Megohm
Micromhos
Volts

* for cathode-current cut-off.

Diode Units
Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin. Operation curves for the
diode units are given on page 45.

INSTALLATION
The base pins of the 2B7 fit the seven-contact (O. 75-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to type 2A5.
Complete shielding of detector circuits employing the 2B7 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and the circuits of other stages.

APPLICATION
The 2B7 is recommended for performing the simultaneous functions of automaticvolume-control, detection, and amplification.
For detection, the diodes of this tube may be utilized in a full-wave circuit or in
a half-wave circuit. In the latter case, one plate only or the two plates in parallel may

be employed. The use of the half-wave arrangement will provide approximately twice
the rectified voltage as compared with the full-wave arrangement.
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For automatic-volume-control a rectified voltage which is dependent on the r-f or
i-f carrier is usually employed. This voltage may be utilized to regulate the gain of the
r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier input to the
audio detector. Refer to discussion of automatic-volume-control methods on page 20.
The complex structure of the 2B7 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current Rowing
through a resistor in the detector circuit. In another case, the required voltage is obtained by utilizing one diode for the sole purpose of automatic-volume-control. This
latter method is of particular interest since it confines the sensitivity and time-delay
function to the a.v.c. circuit. Time-delay action is determined by the use of a resistance
and condenser combination having the desired time constant. The a.v.c. action may be
postponed by applying a negative voltage to the a.v.c. diode plate. Another a.v.c.
arrangement capable of various adaptations is to use the pentode as a d-c amplifier to
supply the regulating voltage.
For r-f or i-f ampliAcation, the pentode unit of the 2B7 may be employed in conventional circuit arrangements. It is designed so that its cut-off is somewhat extended to
permit of moderate gain control by Jrid-bias variation without introducing crossmodulation effects. The cut-off point an the ability to handle the larger signals may be
altered by choice of screen voltage to suit the requirements of the circuit. To assist in
making this choice, different operating conditions for representative screen voltages are
given under CHARACTERISTICS.
For many types of circuits a convenient and practical method of obtaining the desired
benefit of the extended cut-off is to supply the screen voltage from a high-voltage tap
through a series resistor. This arrangement provides automatically an increase in the
voltage applied to the screen as the grid-bias is made more negative, with the result that
the maximum signal-handling ability is obtained. When this method is used, the voltase
applied to the screen should be limited to 125 volts for -3 volts grid-bias and to 200 volts
for more negative values of grid-bias.
For a-f amplification, the pentode unit of the 2B7 may be used in a resistance-coupled
circuit arrangement to provide high gain. Typical operating conditions for such service
are: Plate-supply voltage, 250 volts, applied through a load resistor of 0.25 megohm;
screen voltage, 50 volts; grid-bias, -4.5 volts; and plate current, 0.65 milliampere.
Grid-bias may be obtained from a fixed-voltage tap on the d-c power supply, from a
self-bias resistor, or by means of diode-biasing when the circuit is arranged so that not
less than a minimum delay bias of -3 volts is provided. The value of the resistance in the
grid-circuit should not exceed a maximum of 1.0 megohm. Additional operating conditions are given on page 150.
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AVERAGE CHARACTERISTICS
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TYPICAL DUPLEX-DIODE PENTODE CIRCUITS
USING TYPES 2117 OR 667
HALF-WAVE DETECTOR
FIXED-!IIAS AMPLIFIER

FULL-WAVE DETECTOR
FIXED-BIAS AMPLIFIER

HALF-WAVE DETECTOR
D-C AMPLIFIER

HALF-WAVE DETECTOR
FIXED·BIAS H-f' AMPLIFIER

HALF-WAVE DETECTOR,ANO
AY.C.,FIXED-BIAS AMPLIFIER

APPROXIMATE VALUES
Ri=0.5-1.0 MEGOHM
Rz=I.0-1.5 MEGOHMS
R3=0,I -0.2 MEGOHM
f¼=0.5-LO MEGOHM
R5~I.O MEGOHM
Rs=30000-IOOOOO OHMS
R7:0.1-0.2 MEGOHMS
Eb=VOLTAGE FOR SENSITIVITY CONTROL
NOTE: SUPPRESSOR CONNEC1£D 10 CATHODE WITHIN BULB
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Type 523
FULL-WAVE RECTIFIER
The 5Z3 is a hi sh-vacuum rectifier of
the full-wave type intended for supplying
rectified power to radio equipment having very large direct-current requirements.

BOTTOM

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.).......................
5.0
Volts
FILAMENT CURRENT.. . . . . . . .. . . . . . . .. . . . . . . . . . . . .
3. 0
Amperes
A-C PLATE VOLTAGE PER PLATE (RMS)..............
500 max.
Volts
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . .
250 max.
Milliamperes
BULB (For dimensions, see Page 151, Fig. 13) ................. .
ST-16
BASE .................................................. .
Medium 4-Pin .

INSTALLATION
The base pins of the 5Z3 Rt the standard four-contdct 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 terminals should be
the rated value of 5.0 volts under operating conditions
and average line voltage. The high current taken by the
filament makes it imperative that all connections in the
filament circuit be of low resistance and of adequate
current-carrying capacity.

APPLICATION
As a full-wave rectifier, the 5Z3 may be operated
with condenser-input or choke-input Riter under conditions not to exceed the rating given under CHARACTERISTICS. Filter circuits are discussed on page 28.

OPERATION CHARACTERISTICS
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As a half-wave rectifier, one or more 5Z3's may be
,eo
,oo
200 240 280
0 40 80 120
operated with plates connected in parallel. For exo-c LOAO w1.L1AWP£R£s
dmple, two 5Z3's so arranged in a full-wave circuit
can supply twice the output current of a single tube.
In this service, the plates of each 5Z3 are tied together at the socket. The allowable
voltage and load conditions per tube c1re the sc1me c1s for full-wave service.
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Type 6A4
POWER-AMPLIFIER PENTODE
The 6A4 is a power-amplifier pentode
of the 6.3-volt filament type for use in the
eono"' v1tw
dudio output of automobile rddio receivers dnd in other receivers employing d
six-volt stordge-bdttery fildment supply. The 6A4 is interchdngeable with type LA.

CHARACTERISTICS
Volts
6.3
FILAMENT VOLTAGE (A. C. or D. C.) ...............
Ampere
0.3
FILAMENT CURRENT .•.............................
Volts
165
180 max.
PLATE VOLTAGE ..........
100
135
Volts
165
180 max.
SCREEN VOLTAGE .........
100
135
-12
Volts
-9
-11
GRID VOLTAGE* .......... -6.5
Millidmperes
PLATE CURRENT ...........
9
14
20
22
3.9
Millidmi:eres
SC~EEN CURRENT ..........
2.5
3.5
1 .6
PLATE RESIST. (Approx.) ... 83250
45500
Ohrr.s
52600
48000
AMPLIFI. FACTOR (Approx.)
100
100
100
100
Micromhos
MUTUAL CONDUCTANCE ... 1200
1900
2100
2200
Ohms
LOAD RESISTANCE ......... 11000
9500
8000
8000
Per cent
TOTAL HAR. DISTORTION ..
9
9
9
9
Ohms
SELF-BIAS RESISTOR ........
615
545
470
465
POWER OUTPUT .........
0.31
0 7
1.2
1.4
WdttS
BULB (For dimensions, see Page 151, Fig. 11) ..................
ST-14
BASE .........................................•... , .....
Medium 5-Pin
* Grid volts me•sured from nesative end of d-c oper•ted filament. If the filament is•·< operated, the t•bulated
values of grid bios should each be increased by 4.0 volts ond be referred to the mid-point of filament.

INSTALLATION
The base pins of the 6A4 fit the standdrd five-contact socket which should be mounted
preferdbly to hold the tube in d verticdl position. If it is necessary to place the tube in
d horizontdl 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 d six volt
storage battery. In such service, · the filament terminals of the socket are connected
directly across the battery. Socket terminal No. 1 should be connected to the
positive battery terminal.

APPLICATION
For the power amplifier stdge, the 6A4 is recommended either singly or in pushpull combination. Trdnsformer or impedance input-coupling devices are recommended.
If, however, resistance coupling is employed, the grid resistor should not exceed 0.5
megohm. A family of plate chordcteristics for the 6A4 is shown on pdge 42.
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Type 6A6
CLASS B TWIN AMPLIFIER

?>_,AT(

(rnK.:OC-1)

The 6A6 is a heater-cathode type of
tube combining in one bulb two high-mu
triodes designed for Class B operation.
80110M VIEW
The triode units h<1ve separate external
terminals for all electrodes except the
c<1thodes and heaters, so that circuit design is similar to that of Class B amplifiers utilizing
two tubes in the output stage. The 6A6 may also be used as a Class A amplifier (with
triode units connected in parallel) to drive a 6A6 as a Class B amplifier in the output stage.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.)..........
HEATER CURRENT. • . • . . . . . . . • . . . . • . . . • . . . . . . . . • . . .

6.3
0. 8

BULB (For dimensions, see Page 151, Fig. 11) ................. .
BASE .•••••..•..•••••..••.••••..............•.....•..

Veils
Ampere
ST-14
Medium 7-Pin

Other characteris!ics of this type a,e the some as for the type 53.

INSTALLATION AND APPLICATION
The base pins of the 6A6 fit the seven-contact (0.855-inch pin-cin:;le diameter)
socket which may be installed to hold the tube in any position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.
The heater is designed to operate at 6.3 volts. In a series-heater circuit employing
several 6.3-volt types and one or more 6A6's, the heaters of the 6A6's should be placed
on the positive side. Furthermore, since most 6.3-volt types have 0.3-ampere heaters, a
bleeder circuit across these heaters is required to take care of the additiondl 0.5-ampere
heater current of the 6A6' s. Each 6.3-volt tube of the 0.3-ampere type in the series
circuit should, therefore, be shunted by a bleeder resistance of 13 ohms.
Refer to APPLICATION and curves on type 53.
AVERAGE

PLATE CHARACTERISTICS

CLASS A OPERATION- E:ACH TIUODE UNIT
TYPE
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Type 6A 7
PENTAGRID CONVERTER
The 6A7 is a multi-electrode type of
vacuum tube designed to perform simulBOTTOM VIEW
taneously the functions of a 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 6A7 is especially suited for receivers of the automobile type, and for
receivers in which the heaters are operated in series from the power line. For general
discussion of pentagrid types, see FREQUENCY CONVERSION, page 22.

CHARACTERISTICS
HEATERVOLTAGE(A.C.orD.C.).................
6.3
HEATERCURRENT .................................
0.3
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate ...... (With shield-can)........
0. 3
Grid No. 4 to Grid No. 2 (With shield-can)........
0.15
Grid No. 4 to Grid No. 1 (With shield-can)...... . .
o .15
Grid No. 1 to Grid No. 2.......................
1.C
Grid No. 4 to all other Electrodes (R-F input).......
8. 5
Grid No. 2 to all other Electrodes (Osc. output). . . .
5. 5
Grid No. 1 to all other Electrodes (Osc. input).....
7. 0
9.0
Plate to all other Electrodes (Mixer output).........
BULB (For dimensions, see Page 151, Fig. 7) .................. .
CAP ................................................... .
BASE .................................................. .

Volts
Ampere
µµf
µµf
µµf
µµf
µµf
µµf
µµf
µµf

ST-12
Small Metal
Small 7-Pin

As Frequency Converter
PLATE VOLTAGE ........................ .
SCREEN VOLTAGE (Grids No. 3 and No. 5) ..
ANODE-GRID VOLTAGE (Grid No. 2) ...... .
ANODE-GRID VOLTAGE SUPPLY (Grid No. 2)*
CONTROL GRID VOLTAGE (Grid No. 4) .... .
TOTAL CATHODE CURRENT. .............. .
TYPICAL OPERATION
Plate Voltage ........................ .
Screen Voltage ....................... .
Anode-Grid Voltage .................. .
Control Grid Voltage (Minimum) ....... .
Oscillator Grid Resistor (Grid No. 1) .... .
Plate Current ......................... .
Screen Current. ...................... .
Anode-Grid Current .................. .
Oscillator Grid Current ................ .
Cathode Resistor ...................... .
Plate Resistance ....................... .
Conversion Conductance ............... .
Control Grid Voltage, Approximate (Con-

version conductance 2 µmhos) ......... .

100
50
100

250 max.
100 max.
200 max.
250 max.
-3 min.
14 max.

Volts
Volts
Volts
Volts
Volts
Milliamperes

250
100
200

Volts
Volts
Volts
Volts
Ohms
Milliamperes
Milliamperes
Milliamperes
Milliampere
Ohms
Megohm
Micromhos

-1 .5

-3

10000
1.3
2.5

150
0.6
350

50000
3.5
2.2
4.0
0.7
300
0.36
520

-20

-45

3.3
1. 2

Voltc!19es in excess of 200 volts require use of 20000-ohm voltc!!ge-dropping resistor.
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INSTALLATION
The base pins of the 6A7 fit the seven-contact (0.75-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.
The heater of the 6A7 is designed to operate on either d.c. or a.c. For operation
on a.c. with a transformer, the winding which supplies the heater circuit should operate
the heater at its recommended value for full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 6A7 socket
should be connected directly across a 6-volt battery. In receivers that employ a seriesheater connection, the heater of the 6A7 may be operated in series with the heaters of
other types having a 0.3 ampere rating. The current in the heater circuit should be adjusted to 0.3 ampere for the normal supply line voltage_
The cathode of the 6A7, when operated from a transformer, should preferably
be connected directly to the electrical mid-point of the heater circuit. When it is operated
in receivers employing a 6-volt storage battery for the heater supply, the cathode circuit
is tied in either directly or through bias resistors to the negative battery terminal. In
"transformerless" receivers with a series-heater circuit, the cathode circuit of the 6A 7
is tied in either directly or through bias resistors to the negative side of the d-c plate
supply which is furnished either by the d-c power line or by the a-c line through a
rectifier. In circuits where the cathode is not directly connected to the heater, the
potential difference between them should be kept as low as possible. If the use of a
large resistor is necessary between the heater and cathode of the 6A7 in some circuit
designs, it should be by-passed by a suitable filter network or objectionable hum may
develop.
Complete shielding of the 6A7 is generally necessary to prevent intercoupling
between its circuit and the circuits of other stages.

APPLICATION
Refer to APPLICATION on the type 2A7.
TYPICAL PENTAGRID CONVERTER CIRCUIT

fF:F

R-F
INPUT

~T
T

C • GANGED TUNING GONOCNSER

(40 TO 350 µµf)
C1,C2)C5iCe,C7 = 0,1 µr
c 3 = o.0002s µf
C4:
R1::
R2=
Rl•

SEE TABLE BELOW
2SOOOO OHMS, 0.1 WATT
10000-50000 OHMS, 0.1 WATT
OSCILLATOR-ANODE (GRID Nt2)
VOLTAGE-DROPPING RESISTOR

0

R 4=
Re,=
L
T ;;:;
GRID N!l 4
BIAS SUPPLY

GRID N!:l: 2
SUPPLY

IS0-300 OHMS, 0.1 WATT
SCREEN(GRIOS N• ~&!>)FILTER RESISTOR
60~M1LLIHENRY R-f" CHOKE
465-KC 1-f TRANSF"ORMER

GRIDS N•3&5 PLATE
SUPPLY
SUPPLY

COIL-DESIGN DETAILS
FREQU(NCY BAND
MEGACYCLES

Q.15 TO 0,40

0,55 TO 1.5
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i.5 TO 4.0

4.0 TO !O

10 TO 25
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Type 687
DUPLEX-DIODE PENTODE
The 6B7 is d heater type of tube consisting of two diodes and a pentode in a
single bulb. It is recommended for service
dS combined detector, amplifier (radiofrequency, intermedidte-frequency or
audio-frequency), and automdtic-volume-control tube in radio receivers. The 687 is
especially suited for receivers of the automobile type, and for receivers in which the
heaters are operated in series from the power line. Except for the difference in heater
voltage, this type is identical in design and application to the 2B7.
For diode-detector considerations, refer to page 19.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6.3
Volts
HEATERCURRENT......... ... ........ ... ..........
0.3
Ampere
µµf
GRID-PLATE CAPACITANCE (With shield-can)..........
0.007 max.
INPUT CAPACITANCE..............................
3.5
µµf
OUTPUT CAPACITANCE............................
9.5
µµf
BULB (For dimensions, see Page 151, Fig. 7) .................. .
ST-12
CAP ................................................... .
Small Metal
BASE .................................................. .
Small 7-Pin

Pentode Unit-As Class A Amplifier
100
180
250
250 max.
100
75
100
125 max.
-3
-3
-3
-3
5 .8
3 .4
6. 0
9. 0
1 .7
0. 9
1 .5
2. 3
0.3
1.0
0.8
0.65
285
840
800
730
950
840
1000
1125
-17
-13
-17
-21

PLATE VOLTAGE..........
Sc~EEN VOLTAGE.........
GRID VOLTAGE...........
PLATE CURRENT. . . . . . . . . . .
SCREEN CURRENT.... .. .. ..
PLATE RESISTANCE........
AMPLIFICATION FACTOR...
MUTUAL CONDUCTANCE...
GRID BIAS VOLT.(Approx.)•
* For cc1thode current cut-off.

Volts
Volts
Volts
Millidmperes
Milliamperes
Megohm
Micromhos
Volts

Diode Units
Two diode plates dre 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 ore given under type 2B7, page 45.

INSTALLATION
Refer to INSTALLATION on the type 6A7.

APPLICATION
Refer to APPLICATION on the type 287.
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Type 6C6
TRIPLE-GRID DETECTOR,
AMPLIFIER
The 6C6 is a triple-grid tube of the
heater-cathode type recommended for
service as a biased detector in radio receivers designed for its characteristics, especially those of the mobile type employing a 6-volt heater supply. In such service, this tube is capable of delivering a large
audio-frequency output voltage with relatively small inr,ut voltage. Significant among
its electrical features are its sharp plate current "cut-off ' with respect to grid voltage.
The 6C6 is constructed with an internal shield connected to the cathode within the tube.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.)...............
6.3
Volts
HEATER CURRENT...............................
0.3
Ampere
PLATE VOLTAGE.........................
100
250 max.
Volts
SCREEN VOLTAGE........................
100
100 max.
Volts
GRID VOLTAGE*.........................
-3
-3
Volts
SUPPRESSOR. . . . . . . . . . . . . . . . . . . . . . . . .
Connected to cathode at socket
PLATE CURRENT..........................
2
2
Milliamperes
SCREEN CURRENT.. . . . . . . . . . . . . . . . .
0. 5
0. 5
Milliampere
PLATE RESISTANCE. . . . . . . . . . . . . . . . . . . . . .
1 . 0 Greater than 1 . 5 Megohms
AMPLIFICATION FACTOR.................. 1185 Greater than 1500
MUTUAL CONDUCTANCE.................. 1185
1225
Micromhos
GRID VOLTAGE (Approximate)t............
-7
-7
Volts
GRID-PLATE CAPACITANCE (With shield-can).
0.010 max.
µµf
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
5. 0
µµf
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
6. 5
µµf
BULB (For dimensions, see Page 151, Fig. 8)...
............
ST-12
CAP....................................................
Small Metal
BASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Small 6-Pin
* If d arid-coupling resistor is used, its maximum Vdlue should not exceed 1.0 megohm.

t For cathode current cut-off.
INSTALLATION
The base pins of the 6C6 fit the standard six-contact socket which may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to INSTALLATION for type 6A 7.
The screen voltage may be obtained From a potentiometer or bleeder circuit across
the B-supply source. Due to the screen-current characteristics of the 6C6, the use of a
resistor in series with the high-voltage supply may be employed for obtaining the screen
voltage provided the cathode-resistor method of bias control is used. This method,
however, is not recommended if the high-voltage B-supply exceeds 250 volts.
Complete shielding of detector circuits employing the 6C6 is generally necessary,
since considerable voltage at carrier frequency is usually present in the plate circuit
even though the latter is by-passed with a low impedance condenser. Two-section filters
in the plate circuit are frequently necessary to prevent radio-frequency feed-back to
the input of the detector.
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In receivers employins a built-in loudspeaker, acoustic shielding may be necessary
to prevent microphonic feed-back when a strong radio-frequency carrier voltage is
present on the tube electrodes. It should be noted also that condenser pldtes may cause
an audio howl due to mechanical feed-back from the speaker.

APPLICATION
As a biased detector, the 6C6 can deliver a large audio-frequency output voltage
of good quality with a fairly small radio-frequency signal input. Typical recommer.ded
conditions for the 6C6 as a biased detector are as follows:
PLATE SUPPLY*...............................
250
250
250
250
Volts
SCREEN VOLTAGE...........................
50
33
100 max 100 max Volts
GRIC, VOLTAGE..............................
-2
-1.7
-3.9
-4.3
Volts
8000
4000
10000
Ohms
CATHODE RESISTOR.......................... 3000
SUPPRESSOR..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connected to cothode at socket
Milliempere
0.65
0.21
0.97
0.43
CATHODE CURRENT (No sign,I)...............
Megohm
PLATE RESISTOR................
0.25
0.50
0.25
0.50
,,_f
BLOCKING CONDENSER....................
0.03
0.03
0.03
0.03
Mesohm
GRID RESISTORt . .. .. . . . .. .. .. .. .. .. .. .. .. .. .. 0.25
0.25
0.25
0.25
Volts
R-F SIGNAL(RMS)** .......................... 1.18
1.21
1.38
1.37
* Voltage at plote will be PLATE SUPPLY volt•se less voltose drop in al•t• resistor c•used by al•te current.
t For the following •mplifier tub~.
** With these signal voltoges modul•ted 20%, the voltose output under ••ch set of operotlng conditions is
17 pedk volts ot the grid of the following amplifier,• v4Jue sufficient to insure full •udio output from• type 2A5.

Detector bias may be obtained from a bleeder circuit, from a resistor in the cathode
circuit, or from a partial self-biasing circuit. The cathode-resistor method permits of
higher output at low percentage modulation since the input signal may be increased
almost in inverse proportion to the modulation without resulting in objectionable dis'.ortion.
As an audio-frequency amplifier pentode in resistance-coupled circuits, the oC6
may be operated as shown for the type 77 on page 150.
As a radio-frequency amplifier pentode, the 6C6 may be used particularly in applications where the r-f signal applied to the grid is relatively low, that is, of the order cf a
few volts. In such cases either screen or control-grid voltage (or both) may be varied
to control the receiver volume. When larger signdls dre involved, d super-control amplifier
tube should be employed to prevent the occurrence of excessive cross-modulation and
modulation-distortion. Recommended operating conditions for amplifier service are
given under CHARACTERISTICS.
As an audio-frequency amplifier triode, the 6C6 should have its screen and suppressor
connected to the plate. Operating conditions for triode service in transformer or
impedance coupled circuits are: Plate voltage, 250 volts; grid voltage, -8 volts; dnd
plate current, 7 milliamperes, dpproximate. If resistdnce-coupling is used, a plate-supply
voltage of 250 volts may be applied through a plate-coupling resistor of 0.1 to 0.25 megohm.
AVERAGE PLATE CHARACTERISTICS
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AVERAGE CHARACTERISTICS
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Type 6D6
TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 6D6 is a triple-grid super-control
amplifier tube recommended for service
80110M VIEW
in the radio-frequency and intermediatefrequency stages of radio receivers designed for its characteristics. The ability of
this tube to handle the usual signal voltages without cross-modulation and modulation
distortion makes it adaptable to the r-f and i-f stages of receivers employing automatic
volume-control. The 6D6 is constructed with an internal shield connected to the cathode
within the tube.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).........
6.3
Volts
HEATER CURRENT. . . . . . . . . . . . . . . . . . . . . . . .
0. 3
Ampere
PLATE VOLTAGE.........................
100
250 max.
Volts
SCREEN VOLTAGE........................
100
100 max.
Volts
GRID VOLTAGE (Minimum)................
-3
-3
Volts
SUPPRESSOR ............................. Connected to cathode at socket
PLATE CURRENT..........................
8
8.2
Milliamperes
SCREEN CURRENT .........................
2.2
2.0
Milliamperes
PLATE RESISTANCE.......................
0.25
0.8
Megohm
AMPLIFICATION FACTOR..................
375
1280
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . . . . .
1500
1600
Micromhos
Micromhos
MUTUAL CONDUCTANCE (At -40 volts bicis)
10
10
GRID-PLATE CAPACITANCE (With shield-can).
0. 010 max.
µµf
µµf
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
4. 7
µµf
OUTPUT CAPACITANCE .................. .
6.5
BULB (For dimensions, see Page 151, Fig. 8) .................. .
ST-12
CAP ................................................... .
Small Metal
BASE .................................................. .
Small 6-Pin

INSTALLATION
The base pins of the 6D6 fit the standard six-contact socket which may be installed
to hold the tube in ciny position.
For healer operation and cathode connection, refer to INST ALLATl ON for type 6A 7.
Control-grid bias variation will be found effective in changing the volume of the
receiver. In order to obtain adequate volume control, an available grid-bias voltage
of approximately 50 volts will be required. The exact value will depend upon the
circuit design and operating conditions. This voltage may be obtained, depending on
receiver requirements, from a potentiometer across a fixed supply voltage or by the
usz of a variable self-bias resistor in the cathode circuit.
The screen voltage may be obtained from a potentiometer or bleeder circuit across
the B-supply source. Due to the screen current characteristics of the 6D6, a resistor
in series with the high-voltage supply may be employed for obtaining the screen voltage

provided the cathode-resistor method of bias control is used. This method, however, is
not recommended if the high-voltage B-supply exceeds 250 volts.
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should be noted that the use of d resistor in the screen circuit will have an effect on
the change in plate resistance with variation in suppressor voltage in case the suppressor
is utilized for control purposes.
The suppressor mdy be connected directly to the cathode or it may be made negative
with respect to the cathode. For the latter condition, the suppressor voltage may be
obtained from a potentiometer or bleder circuit for manual volume- and selectivitycontrol, or from the drop in a resistor in the plate circuit of the automatic volumecontrol tube.

Shielding requirements are similar to those for type 6C6.

APPLICATION
As a radio-frequency amplifier, the 6D6 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote '"cut-off..
feature, and its Aexible adaptability to circuit combinations and to receiver design.
Recommended conditions for the 6D6 as an amplifier are given under CHARACTERISTICS. Characteristics curves are given on page 54.

To realize the maximum benefit of the long "cut-off'• feature of this tube, it is necesSdry to apply a variable grid bias and to maintain the screen at a constant potential with
respect to the cathode. However, good results may be obtained by using a variable
cathode resistance which, of course, reduces the screen potential with respect to the
cathode by the same amount that the bias is increased, thus hastening the "cut-off" and
reducing the ability of the tube to handle large signals. This undesirable effect may be
nullified by means of a series resistor in the screen circuit.
The use of series resistors for obtaining satisfactory control of screen voltage in the
case of four-electrode tubes is usually impossible because of secondary emission phenomena. In the 6D6, however, the suppressor practically removes these effects and it is
therefore possible to obtain satisfactorily the screen voltage from the plate supply or
From some high intermediate voltage providing these sources do not exceed 250 volts.
With this method, the screen-to-cathode voltage will fall off very little from minimum
to maximum value of cathode-control resistor. In some cases, it may actually rise. This
rise of screen-to-cathode voltage above the normal maximum value is allowable because
the screen and the plate current are reduced simultdneously by a sufficient amount to
ptevent damage to the tube. It should be recognized in general that the series-resistor
method of obtaining screen voltage from a higher voltage supply necessitates the use
of the variable cathode-resistor method of controlling volume. When screen and controlgrid voltages are obtained in this manner, the remote "cut-off" advantage of the 6D6
may be fully realized.
As a mixer in superheterodyne circuits, the 6D6 may be used to advantage. It is
capable of producing, under the proper conditions of grid and local oscillator voltage,
a gain in the mixer stage of about one-third that which can be obtained in an intermediatefrequency ampliner stage. In addition, this gain can be controlled as in the case of the
radio-frequency amplifier by varying the grid bias either from a separate supply or from
11 varidble resistor in the cathode circuit. This is a particularly desirable feature in receivers
employing automatic volume-control, because it enables a much lower threshold input
to be received without loss of amplification and permits the reception of high input
voltages without loss of control. Recommended conditions for the 6D6 as a superheterodyne mixer follow: Pldte voltage, 250 volts; screen voltage, 100 volts; suppressor.
connected to cathode at socket; and grid-bias voltage, -10 volts approx. (with
7-volt oscillator peak swing).
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Type 6F7
TRIODE-PENTODE
The 6F7 is a heater type of tube combining in one bulb a triode and an r-f
pentode of the remote cut-off type. Since
these two units are independent of each
other except for the common cathode,
the 6F7 may be adapted to circuit
design in several ways.

4PF;.NTOOC GRID-METAL TOP CAP

BOTTOM

VIEW

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6. 3
Volts
HEATER CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 3
Ampere
DIRECT INTERELECTRODE CAPACITANCES
Triode Unit-Grid to Plate. . . . . . . . . . . . . . . . . . . . .
2. 0
µµf
µµf
Grid to Cathode. . . . . . . . . . . . . . . . . .
2. 5
3. 0
µµf
Plate to Cathode. . . . . . . . . . . . . . . . . .
µµf
Pentode Unit-Grid to Plate (With shield-can). . . . . .
0. 008 max.
µµf
Input............................
3.2
Output..........................
12. 5
µµf
BULB (For dimensions, see Page 151, Fig. 7) .................. .
ST-12
CAP ................................................... .
Small Metal
BASE .................................................. .
Small 7-Pin

As Amplifier
PLATE VOLTAGE .......... .
SCREEN VOLTAGE ........ .
GRID VOLTAGE (Minimum) ..
PLATE CURRENT ........... .
SCREEN CURRENT ......... .
AMPLIFICATION FACTOR ... .
PLATE RESISTANCE ........ .
MUTUAL CONDUCTANCE ... .
MUTUAL CONDUCTANCE
(At -35 volts bias) ..... .

Triode Unit
100 max.

Pentode Unit
100
250 max.
100
100 max.
-3
-3
6.3
6.5
1.6
1.5
300
900
290000 850000
1050
1100

-3
3.5
8

17800
450

9

10

Volts
Volts
Volts
Milliamperes
Milliamperes
Ohms
Micromhos
Micromhos

As Frequency Converter
TYPICAL OPERATION
Triode Unit Pentode Unit
Plate Voltage (Maximum) ............... .
100°
250
Screen Voltage ....................... .
100
Grid Voltage ........................ .
-10*
Oscillator Peak Voltage Input. .......... .
7
D-C Grid Current ..................... .
0.15
0
D-C Plate Current ..................... .
2.4tt
2.8
Screen Current ....................... .
0.6
Plate Resistance ....................... .
2.0
Conversion Transconductance ........... .
300
0

Volts
Volts
Volts
Volts
Milliampere
Milliamperes
Milliampere
Megohms
Micromhos

Moy be obtoined from 250-volt source through 60000-ohm dropping resistor.

* Obtoined by meons of 1700-ohm self-biosing (cothode) resistor.
t Obtained by 100000-ohm grid-leak resistor returned directly to cathode.

tt Oscillotor conditions should

be odjusted so thot plote current does not exceed moximum of 4 milliomperes,
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INSTALLATION
Refer to INSTALLATION on type 6A7.

APPLICATION
Being of the multi-unit type, the 6F7 is suiteble for diversified epplications. The
triode unit dnd the pentode unit cen be utilized independently of edch other for performing dny of the functions expected of single-unit types with similer chdracteristics.
Circuit design for the 6F7, therefore, will follow conventional prectice.
As a frequency converter, the 6F7 is used by employing the triode unit as oscillator
and the pentode unit as mixer (first detector). The circuit should be dd/·usted so that
the grid-bias voltage is approximetely 3 volts greater thdn the peak osci lator voltage.

In operation, the p!dte current of the oscillator should not exceed 4 milliamperes.
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Type 1223
HALF-WAVE RECTIFIER
The 12Z3 is d hdlf-wave, high-vdcuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-c
eonoM view
power from an a-c power line. It is intended for use in "transformerless" receivers of the "universal" (a.c.-d.c.) type. The adaptability of the 12Z3 to such receivers
is facilitated by the heater design which permits of convenient series operation with
other tube types.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
12.6
Volts
Ampere
HEATER CURRENT.................................
0.3
A-C PLATE VOLTAGE (RMS).......................
250 max.
Volts
PEAK INVERSE VOLTAGE...........................
700 max.
Volts
Milliamperes
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . .
60 max.
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE .................................................. .
Small 4-Pin

INSTALLATION
The base pins of the 12Z3 fit the standard four-contact socket which may be instdlled
to hold tire tube in any position. Sufficient ventilation should be provided to circuldte
air freely around the tube to prevent overhedting.
The 12.6-volt heater of the 12Z3 is designed to operate under the normal conditions
of line-voltage variation without materially affecting the performance or serviceability
of this tube. For operation of the 12Z3 in series with the heaters of other types having
0.3 ampere rating, the current in the heater circuit should be adjusted to 0.3 ampere for
the normal supply voltage. The d-c potential difference between heater and cathode
should be limited to 350 volts.
OPERATION CHARACTERISTICS

E~~if1l~,s

APPLICATION
As a half-wave rectifier, the 12Z3 is pdrticularly
useful in "transformerless" receivers of the "universal"
type. Conditions for this service are given under
CHARACTERISTICS.

VOLTS

a d-c power line.
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A Alter of the condenser-input type is recommended
for use witl:i this tube in order to obtain a d-c output
voltage as high as possible. A large input capacitance
in the order of 16 µf is desirable. Typical output curves
for several values of input condensers are shown in the
accompanying diagram. As a supplement to the curves
with an a-c input voltage, a dashed curve is included

to show the output when the receiver is operated from
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Type

2szs
PL..\TE

RECTIFIER-DOUBLER

:

(PIOCE'.-:J

The 25Z5 is a full-wave, high-vacuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-c
sono,; v,Ew
power from an a-c power line. This tube
is of pdrticular interest because of its
adaptability to the design of "transformerless" receivers of either the .. universal (a.c.-d.c.)"
type or the "a-c operated" type. In "universal" receivers, the 25Z5 may be used as a
half-wave rectifier, while in the "a-c operated" type, it may be used as a voltage doubler
to provide dbout twice the d-c output voltdge obtainable from the half-wave arrangement.
This two-fold application is made possible by the use of a separate bdse pin for each of
the two cathodes. For voltage-doubler considerations, see page 17.
The heater of this tube has been designed to facilitate economicdl series operation
with the heaters of other tubes in the radio set. The employment of a 25-volt heater
permits the construction of a receiver with less heat dissipation in the fixed series-heater
resistor. Furthermore, the heater-cathode design permits of close electrode spacing and
provides high rectifying efficiency.

CHARACTERISTICS
HEATER VOLTAGE................................
25
Volts
HEATER CURRENT. . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . .
0. 3
Ampere
A-C VOLTAGE PER PLATE (RMS)................ . .
125 max.
Volts
D-C OUTPUT CURRENT. • . . . . • . . . • • . . . . . . . . . . . . . . • .
100 max.
Milliamperes
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE ...........•.....................................
Small 6-Pin

INSTALLATION
The base pins of the 25Z5 fit the standard six-contact socket which may be installed
to hold the tube in any position.
The bulb of this tube will become quite hot under certain conditions of operation.
Sufficient ventilation should be provided to circulate air freely around the tube to prevent
overheating.
The heater is designed to operate under the normal conditions of line voltage variation without materially affecting the performance or serviceability of this tube. The
current in the heater circuit should be adjusted to 0.3 ampere for the normal supply
voltage.
A filter of the condenser-input type is recommended for use with this tube in order
to obtain a d-c output voltage as high as possible. A large input capacitance in the
order of 16 µf is desirable for half-wave rectifier service, while a higher value is advantageous for voltage-doubler circuits. Since the peak voltage applied to the input
condenser(s) is relatively low, it is possible to use condensers of moderate voltage rating (sufficient only for the line voltage).

APPLICATION
As a half-wave rectifier, the 25Z5 is designed for service in "transformerless" receivers of the "universal" type. ln such service, the two plates are connected together
at the socket in order to act as a single plate; likewise, the cathodes are connected as
a unit. Conditions for this method of operation are given under CHARACTERISTICS.
Typical output curves for several values of input condensers are shown on page 61.
As a supplement to the curves with a-c input voltage, a dotted curve is included to show
the output when the receiver is operated from a d-c- power line.
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As a voltage doubler, the 25Z5 is useful in "transformerless" receivers of the "a-c
operated" type and is capable of supplying approximately twice the d-c output voltage
of the half-wave circuit. In voltage-doubling service, the two diode units of the tube
are arranged as shown in the voltage-doubler circuit, below. Operating conditions
for this type of service are the same as for half-wave service. Typical output curves for
the voltage-doubler circuit are given below.

OPERATION CHARACTERISTICS

OPERATION CHARACTERISTICS
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Type 01-A
DETECTOR, AMPLIFIER
The 01-A is a three-electrode storagebattery t.ube for use as a detector and as
an amplifier.

SOllOM

VIEW

CHARACTERISTICS
Volts
FILAMENT VOLTAGE (D. C.).......................
5 .0
Ampere
FILAMENT CURRENT.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 25
Volts
PLATE VOLTAGE.........................
90
135 max.
Volts
GRID VOLTAGE...................... . ..
-4.5
-9
Milliampere,PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . .
2 .5
3 .0
Ohms
PLATE RES ISTANCE . . . . . . . . . . . . . . . . . . . . . . .
11000 10000
AMPLIFICATION FACTOR..................
8
8
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . . . . .
725
800
Micromhos
GRID-PLATE CAPACITANCE. . . . . . . . . . . . . . . .
8 .1
µµf
GRID-FILAMENT CAPACITANCE.............
3 .1
µµf
PLATE-FILAMENT CAPACITANCE. . . . . . . . . . . .
2. 2
µµf
BULB (For dimensions, see Pase 151, Fig. 11)..................
ST-14
BASE ................................................... Medium 4-Pin Bayonet
INSTALLATION AND APPLICATION

The base pins of the 01-A fit the standard four-contact socket, which should be·
installed to hold the tube in a vertical position.
As a detector, the 01-A may be operated either with conventional grid leak and'
condenser or with grid bias. For grid-bias detection, plate voltages up to the maximum,
value of 135 volts may be used with the corresponding negative grid-bias voltage
(13.5 volts approximately, at 135 volts).
As ,in amplifillr, the 01-A should be operated as shown under CHARACTERISTICSAVERAGE

PLA'TE CHARACTERISTICS

TYPE: 01-A
E,f=5.0 VOLTS D,C,

PLATE. VOt..TS
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Type 1-v
HALF-WA VE RECTIFIER
The 1-v is a half-wave, high-vacuum
rectifier tube employing a heater cathode.
It is intended for use in radio equipment
eonoM v1Ew
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
HEATER VOLTAGE (A. C. or D. C.).................
6.3
Volts
Ampere
HEATER CURRENT ..................... ,.,.........
0.3
A-C PLATE VOLTAGE (RMS).......................
350 max.
Volts
PEAK INVERSE VOLTAGE...........................
1000 max.
Volts
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . .
50 max.
Milliamperes
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE .................................................. .
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.
Heater operation is similar to that for type 6A7.

APPLICATION
The filter may be either of the condenser-input or the choke-input type provided
the recommended maximum plate voltage and output. current ratings given under
CHARACTERISTICS are not exceeded. The d-c potential difference between heater
and cathode should never exceed 500 volts.
OPERATION CHARACTERISTICS
If the condenser-input type of mter is used, conTYPE !.Y
sideration must be given to the instantaneous peak
Er=-e.3 VOLTS
FILTER CONDENSER= C
value of the a-c input voltage which, for a sinusoidal
wave, is about 1.4 times the RMS value as measured
with an a-c voltmeter. It is important, therefore, that 5
':i
the filter condensers (especially the input condenser) ;;: 400/--=c,----L---I--"
have a sufficiently high breakdown rating to with- :
Joof-+"'f:~~~
stand this instantaneous peak value. Particular attention
must be given to this point when the wave-shape !i:
input to the plates of the rectifier tube is non- "'
i200f-+---+--+=~
sinusoidal.
!;
When the input-choke method is used, the available d-c output voltage will be somewhat lower than 0~ JOof---1\"'""i'"'-~..:i:;~..._
with the input-condenser method for a given a-c plate b

i

volto5e.

However, improved regulation, together

with lower peak current, will be obtained.
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Type 10
POWER AMPLIFIER,
OSCILLATOR
The 10 is a three-electrode, highvacuum tube suitable for use dS an audiofrequency dmplifier in equipment designed for its char<Jcteristics.

BOTTOM

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D. C.) .............. .
7.5
FILAMENT CURRENT. ............................. .
1.25
PLATE VOLTAGE................
250
350
425 max.
GRID VOLTAGE*...... . . . . . . . . .
-22
-31
-39
PLATE CURRENT.................
10
16
18
PLATE RESISTANCE...............
6000
5150
5000
AMPLIFICATION FACTOR..........
8
8
8
MUTUAL CONDUCTANCE..........
1330
1550
1600
LOAD RESISTANCE...............
13000 11000 10200
SELF-BIAS RESISTOR..............
2200
1950
2150
UNDISTORTED POWER OUTPUT. . . . .
0. 4
0. 9
1.6
GRID-PLATE CAPACITANCE... . . . . . . . . . . . .
7
GRID-FILAMENT CAPACITANCE.............
4
PLATE-FILAMENT CAPACITANCE............
3
BULB (For dimensions, see Page 151, Fig. 14) ............... .
BASE ..............•.................................. Medium

Volts
Amperes
Volts
Volts
Milliamperes
Ohms
Micromhos
Ohms
Ohms

Watts
µµf
µµf
µµf

S-17
4-Pin Bayonet

* Grid voltoses are given with respect to the mid-point of filament operated on a. c. If d. c. Is used, eoch
stoted volue of grid voltoge should be decreosed by 5.0 volts ond should be referred to the nesotive end of
the filament.

INST ALLA Tl ON AND APPLICATION
The base pins of the 10 fit the standard four-contact socket which should be installed
to hold the tube in a verticol position with the base down. The filament of this type is
usually operated on a-c, see page 24. As an audio power amplifier, the 10 should be
operated under conditions dS given under CHARACTERISTICS.
AVE:RACE: PLA1E: CHARAC1E:RIS1ICS

;
~30,1--.!~---f.-l--l---V-~1--J
~

3:>
~ao-L...L.J..._t-;._-1t--1-t.1.-_..-1--l-~~"'--'t-i-.-~--1--1-4_...i:.,,_.,_-,1---1

r.
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Type 19
CLASS B TWIN AMPLIFIER
The 19 combines in one bulb two
high-mu triodes designed for Class B
operation. It is intended for use in the
so110M view
output stage of battery-operated receivers
and is capable of supplying approximately
2 watts of audio power. The triode units have separate external terminals for all electrodes
except the filaments, so that circuit design is similar to that of Class B amplifiers utilizing
individual tubes in the output stage.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).......................
2.0
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 26
BULB (for dimensions, see Page 151, Fig. 6) .................. .
BASE .................................................. .

Volts
Ampere
ST-12
Small 6-Pin

As Class B Power Amplifier
PLATE VOLTAGE .............................•.•.
MAXIMUM SIGNAL PLATE CURRENT (Per plate) ......•.
TYPICAL OPERATION
Plate Voltage ................
135
135
-6
-3
Grid Voltage ................
Zero-Signal Plate Current (Per Plate)
0.5
2
Effective Load Resistance
(Plate-to-plate) .............
10000 10000
Average Power Input (Approx.)*
95
130
Power Output (Approximate) ..
1.6
1.9

135 mdX.
50 max.

Volts
Milliamperes

135
0
5

Volts
Volts
Milliamperes

10000
170
2.1

Ohms
Milliwatts
Watts

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

INSTALLATION
The base pins of the 19 fit the standard six-contact socket. The socket should be
installed to hold the tube in a vertical position. In some cases, cushioning of the socket
may be found desirable.
For

filament operation, refer to INST ALLATl ON for type 1 A6.
APPLICATION

As a Class B power amplifier in the output stage of battery-operated receivers, the
19 should be operated as shown under CHARACTERISTICS. In such service, it may
be operated either with zero grid bias or with negative grid bias. The latter method
may be of advantage in cases where plate-battery drain must be conserved, even at
some sacrifice in power output.
The type of driver tube chosen to precede the 19 should be capable of handling
enough power to operate the Class B amplifier stage. Allowance should be made for
transformer efficiency. It is most important, if low distortion is desired, that the driver
tube be worked well below its Class A undistorted output rating, since distortion

produced by the driver stdge dnd the power stdge will be present in the output.
A discussion of Class B amplifier features is given on page 16.
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Type 22
SCREEN-GRID RADIOFREQUENCY AMPLIFIER
The 22 is a screen grid tube designed
particularly for rc1dio-frequency amplification in dry-battery-operated receivers employing 3.3-volt filament tubes.

CHARACTERISTICS
FILAMENTVOLTAGE(D. C.)... ....................
3.3
Volts
Ampere
FILAMENT CURRENT.. . . . • . . . . . . . . . . . . . . . . . . . . . . . . .
0. 132
Volts
PLATE VOLTAGE.........................
135
135 mc1x.
SCREENVOLTAGE........................
45* 67.5tmc1x. Volts
Volts
GRID VOLTAGE..........................
-1.5
-1.5
Milliamperes
PLATE CURRENT..........................
1. 7
3. 7
Milliamperes
SCREEN CURRENT (Maximum). . . . . . . . . . . . . . .
0. 6
1 .3
Ohms
PLATE RESISTANCE....................... 725000 325000
AMPLIFICATION FACTOR..................
270
160
Micromhos
MUTUAL CONDUCTANCE..................
375
500
µµf
GRID-PLATE CAPACITANCE (With shield-can).
0.02 mc1x.
µµf
INPUT CAPACITANCE.....................
3. 5
µµf
OUTPUT CAPACITANCE...................
10
ST-14
BULB (For dimensions, see Page 151, Fig. 12) ................. .
CAP ................................................... .
Small Metal
Medium 4-Pin
BASE ..............•...................................

* Moxlmum volue of grid resistor is 5.0 megohms.
t Moximum volue of grid

resistor 1, 1.0 megohm.

INSTALLATION
The base pins of the 22 fit the standard four-contact socket. The socket should be
installed to hold the tube in a verticc1I position. Cushioning of the socket may be
desirable to avoid microphonic disturbances.
The filament in this tube is desi9ned for operation with three No. 6 dry cells connected in series, or with multiples of three in series-parallel. If storage-battery operation
is preferred, a four-volt storage battery may be used. Jn any case, a filament rheostat
should be provided to maintain the fildment voltage at the rated value.

APPLICATION
As a radio-frequency amplifier, the 22 may be used in shielded circuits as shown
under CHARACTERISTICS.
As an audio-frequency amplifier, this tube may be operated with either the screengrid or space-charge-grid connection. In either case, the value of plate-coupling
resistor should be of from 0.1 to 0.25 mesohm. With the screen-grid arrangement, a
plate-supply voltage of 135 to 180 volts applied through the coupling resistor is recommended. Under these conditions, a screen voltd9e of 22.5 volts dnd a negative 9rid
voltase of 0. 75 to 1.5 volts are suitable. For the space-cherge-grid connection, the
inner grid is operated at 22.5 volts, while the outer grid becomes the control grid and
is biased negatively by from Oto 1.5 volts, depending upon conditions of operation.
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Type

~

24-A

SCREEN-GRID RADIOFREQUENCY AMPLIFIER
The 24-A is d screen-grid dmplifier
tube of the hedter-cdthode type for use
primdrily dS d radio-frequency dmplifier in
a-c receivers. The 24-A may also be used
as a screen-grid detector or audio amplifier.

80110M

VIEW

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
2.5
HEATER CURRENT................ . . . . . . . . . . . . . . . .
1. 75
PLATE VOLTAGE*........................
180
250
SCREEN VOLTAGE (Maximum)..............
90
90
GRID VOLTAGE....... . . . . . . . . . . . . . . . . . . .
-3
-3
PLATE CURRENT.. . . . . . .. . . . . . . . .. . . . . . .
4
4
SCREEN CURRENT (Maximum)...............
1. 7
1. 7
PLATE RESISTANCE. . . . . . . . . . . . . . . . . . . . . . .
0. 4
0 .6
AMPLIFICATION FACTOR ....... , .. ,.......
400
630
MUTUAL CONDUCTANCE. , . . . . . . . . . . . . . . . .
1000
1050
GRID-PLATE CAPACITANCE (With shield-can).
0.007 max.
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
5. 3
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
10. 5
BULB (For dimensions, see Page 151, Fig. 12) ................. .
CAP ................................................. .
BASE ................................................. .
* M4ximum pl•te vol~ge = 275 volt,.

Volts
Amperes
Volts
Volts
Volts
Milliamperes
Milliamperes
Megohm
Micromhos
µµf
µµf
µµf

ST-14
Small Metal
Medium 5-Pin

INSTALLATION
The base pins of the 24-A fit the standard five-contact socket. The socket may be
installed to hold the tube in any position.
For heater operdtion and cathode connection, refer to type 2A5.
The screen voltage for the 24-A may be obtained from a fixed or variable tap on a
voltage divider across the high-voltage supply, or across a portion of the supply.
Complete shielding in all stages of the circuit is necessary if maximum gain per stage
is to be obtained.

APPLICATION~
As a radio-frequency amplifier, the 24-A should be operated at the voltages given
under CHARACTERISTICS.
As a grid-bias detector, the 24-A may be operated under the following typical
conditions: Plate-supply voltage of 250 volts applied through a plate-coupling of
0.25 megohm, a screen voltage of 20 to 45 volts and a negative grid bias of approximately
5 volts adjusted so that a plate current of 0.1 mdliampere is obtained with no input signal.
As a screen grid audio-frequency amplifier in resistance-coupled circuits, the 94-A
may be operated under the following conditions: Plate-supply voltage of 250 volts 1 a
negative grid bias of 1.0 volt, a screen voltage of 25 volts, <1 plate current of 0.5 milliampere (approximate), a plate load resistor of 0.1 to 0.25 megohm, and a grid resis:or
of 0.52 to 2.0 megohms.
A plate family for this type is given on page 66.
[ 68
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Type 26
AMPLIFIER
The 26 is dn dmplifier tube contdinins
a filament designed for operation on
alternating current. This tube is for use as
aonoM v,cw
an r-f or a-f dmpliFler in equipment designed for its characteristics. The 26 is not ordinarily suitdble for use dS a detector
or power output tube.
CHARACTERISTICS
Volts
FILAMENT VOLTAGE (A. C. or D. C.)...............
1. 5
Amperes
FILAMENT CURRENT.. . . . • . • . . . • . . . . . . . . . . . . . . . . . . .
1 . 05
Volts
PLATE VOLTAGE................
90
135
180 max.
Volts
GRID VOLTAGE*................
-7
-10 -14.5
Milliamperes
PLATECURRENT. ................
2.9
5.5
6.2
Ohms
PLATE RESISTANCE...............
8900
7600
7300
AMPLIFICATION FACTOR. . . . . . . . . •
8 .3
8. 3
8. 3
Micromhos
MUTUAL CONDUCTANCE..........
935
1100
1150
µ.µ.f
GRID-PLATE CAPACITANCE. • . . . . . . . . . . . . . .
8. 1
µ.µ.f
GRID-FILAMENT CAPACITANCE.............
2.8
µ.µ.f
PLATE-FILAMENT CAPACITANCE............
2. 5
ST-14
BULB (For dimensions, see Page 151, Fig. 11) ................. .
Medium 4-Pin
BASE •....•••....••••.......••.•.•................
* Grid voltage measured from mid-point of a-c operoted nlament.

INSTALLATION AND APPLICATION
The base pins of the 26 fit the stdndard four-contact socket, which should be installed
to hold the tube in a vertical position.
The codted filament of the 26 should be operated at the rated voltage of 1.5 volts
from the a-c line through a step-down transformer.
As an amplifier, the 26 should be operated as shown under CHARACTERISTICS.
AVERAGE PLATE CHARACTERISTICS
TYPE

26
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Type 27
DETECTOR, AMPLIFIER
The 27 is d three-electrode general
purpose tube of the heater-cathode type
for use as an amplifier and detector in a-c
receivers.

BOTTOM

VIEW

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.) ... ,.............
2. 5
HEATER CURRENT........................ . . . . . . . . .
1. 75
PLATE VOLTAGE*.........
90
135
180
250
GRID VOLTAGEt..........
-6
-9 -13.5
-21
PLATECURRENT. ..........
2.7
4.5
5.0
5.2
PLATE RESISTANCE ........ 11000
9000
9000
9250
AMPLIFICATION FACTOR...
9
9
9
9
MUTUAL CONDUCTANCE...
820
1000
1000
975
GRID-PLATE CAPACITANCE.
3.3
GRID-CATHODE CAPACITANCE
3.1
PLATE-CATHODE CAPACITANCE
2.3
BULB (For dimensions, see Page 151, Fig. 6) .................. .
BASE .............•...........•........................•

Volts
Amperes
Volts
Volts
Milliamperes
Ohms
Micromhos
µ.µ.f
µ.µ.f
µ.µf

ST-12
Medium 5-Pin

* M•ximum pl•te voltdge = 275 volts.
t M.ximum v•luc of grid-coupling resistor ls 1.0 mesohm.
INSTALLATION AND APPLICATION
The base pins of the 27 fit the standard five-contact socket. The socket may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to type 2A5.
As an amplifier, the 27 is applicable to the audio- or the radio-frequency stoa_es of
a receiver. Recommended plate and grid voltages are shown under CHARACTERIS I ICS.
As a detector the 27 may be operated either with grid leak and condenser or
with grid bias. The plate voltage for grid leak and condenser detection is 45 volts.
A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025µ.f is suitable.
For grid-bias detection, a plate voltage of 250 volts or less may be used. The corresponding
grid bias should be adjusted so that the plate current, when no signal is being received, is
approximately 0.2 milliampere. For the condition of 250 volts on plate and transformer
coupling, the grid bias will be approximately -30 volts.
AVERAGE PLATE CHARACTERISTICS
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Type

30

DETECTOR, AMPLIFIER
The 30 is a detector and amplifier tube
of the three-electrode type for batteryoperated radio receivers where economy
of filament-current drain is important.

130110M 'VICW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C).......................
2.0
fl LAMENT CURRENT.................... . . . . . . . . . . .
0. 060
GRID-PLATE CAPACITANCE.........................
6.0
GRID-FILAMENT CAPACITANCE.....................
3 .0
PLATE-FILAMENT CAPACITANCE....................
2.1
BULB (For dimensions, see Page 151, fig. 6) ..................•
BASE •••...•............•.........................•.....

Volts
Ampere
µµf

uµf
µµf

ST-12
Small 4-Pin

As ClaH A Ampliller
PLATE VOLTAGE................
GRID VOLTAGE.................
PLATE CURRENT.................
PLATE RESISTANCE...............
AMPLIFICATION f ACTOR. . . . • . . . • .
MUTUAL CONDUCTANCE...... . • • .

90
-4.5
2. 5
11000
9. 3
850

135
-9
3 .0
10300
9. 3
900

180 max.
-13.5
3.1
10300
9.3
900

Volts
Volts
Milliamperes
Ohms

180 max.
50 max.

Volts
Milliamperes
Milliamperes

Micromhos

As Class B Ampliller
PLATE VOLTAGE. .•...•.............•.•.•.....••.
MAXIMUM-SIGNAL PLATE CURRENT ..•..............
ZERO-SIGNAL PLATE CURRENT (Per tube) ............ .
TYPICAL OPERATION (2 tubes)
Plate Voltage ..•••.•••.••..••.••..••..•..••..•.
Grid Voltage ..••.••••••.•••.••..•..•...•...•..
Zero-Signal Plate Current (Per tube) .•....•..•..••.
Effective Load Resistance (Plate-to-plate) ..•.•.••..•.
Power Output, Approxim.:ite (2 tubes)* .••.........

* With one type 30 as driver oper•ted under the

1. 5 max.
157 .5
-15

0.5
8000
2.1

Volts
Volts
Milliampere
Ohms
Watts

Followinq conditions: Pl,te voltage, 157.5 volts, neg•tive

srid bias voltdge, 11.3 volts; Q.ldte load of dpproximately 18000 ohms; and input transformer ratio (primdfy to

one-half secondary), 1.165: Tot•I distortion is 6 to 7%.

INSTALLATION
The base pins of the 30 fit the standard four-contact socket which should be installed
to hold the tube in a vertical position. Cushioning of the socket in the detector stage
may be desirable if microphonic disturbances are encountered.
The coated filament of the 30 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a 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 30 requires no
filament resistor.

Operation with an air-cell b.:ittery requires a fixed resistor in the
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filament circuit. This resistor should have a value such that with a new air-cell battery,
the voltage applied across the filament terminals will not initially exceed 2.15 volts.
Socket terminal No. 1 (see socket connections) should be connected to the positive
battery terminal. Series oper.;tion of the f//.;ments of these tubes is not recommended.

APPLICATION
As a detector, the 30 may be opernted either with grid leak and condenser or with
grid-bias. The plate voltage for the former method should not be more than 45 volts.
A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 µf is satisfactory. The grid return should be connected to the positive filament socket terminal.
For grid-bias detection, plate voltages up to the maximum value of 180 volts may be
used. The corresponding grid-bias should be adjusted so that the plate current is about
0.2 milliampere when no signal is being received.
As a Class A amplifier, the 30 is applicdble to the audio- and the radio-frequency
stages of d receiver. Plate voltages dnd the corresponding grid voltages should be determined from the CHARACTERISTICS dnd the curves in order to obtain optimum performance dnd freedom from distortion.
As a Class B audio-frequency amplifier, the 30 may be operated as shown under
CHARACTERISTICS. Class B amplifiers are discussed on page 16.

AVERAGE PLATE CHARACTERISTICS
TYPE: 30
Cf:::Z.O VOL1S OC .
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Type 31
POWER AMPLI Fl ER
The 31 is d power-amplifier tube of
the three-electrode type for bdtteryoperdted rddio receivers where economy
of filament-current drain is important.

.BOTTOM

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.). . . . . . . . . . . . . . . . . . . . . . .
2. 0
Volts
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 130
Ampere
PLATE VOLTAGE.........................
135
180 max.
Volts
GRID VOLTAGE.......................... -22.5
-30
Volts
PLATE CURRENT..........................
8.0
12.3
Milliamperes
PLATE RESISTANCE. . . . . . . . . . . . . . . . . . . . . . .
4100
3600
Ohms
AMPLIFICATION FACTOR. . . . . . . . . . . . . . . . . .
3 .8
3. 8
MUTUAL CONDUCTANCE..................
925
1050
Micromhos
LOAD RESISTANCE........................
7000
5700
Ohms
SELF-BIAS RESISTOR.......................
2815
2440
Ohms
UNDISTORTED POWER OUTPUT... . . . . . . . . . . .
0. 185 0. 375
Watt
GRID-PLATE CAPACITANCE. . . . • • . . • • . . . . . .
5. 7
µµf
GRID-FILAMENT CAPACITANCE.. . . . . . . . . . . .
3. 5
µµf
PLATE-FILAMENT CAPACITANCE. • . . . . . . . . . .
2. 7
µµf
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE .................................................. .
Small 4-Pin
INSTALLATION
Refer to INSTALLATION on type 30.
APPLICATION
As a power amplif'ier, the 31 should be operated as shown under CHARACTERISTICS.
Grid voltage may be obtained from a (-battery, or by me,ms of a self-bias resistor connected in the negative plate-return lead. The latter method is required where a grid
resistor (maximum value 1 megohm) is used. If more output is desired than can be obtained
from a single 31, two 31 's may be operated either in par11llel or push-pull connection.
AVERAGE PLATE CHARACTERISTICS
TYPE 31
Ef"'.2.0 VOL.TS D.C,
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Type 32
RADIO-FREQUENCY AMPLIFIER
The 32 is a screen-9rid tube recommended primarily for use as a radiofrequency amplifier in battery-operated
radio receivers where economy of filament-current drain is important.

BOTTOM

VlEW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).......................
2.0
Volts
FILAMENT CURRENT.. . . . . . . . . . . . . . . . . . . . • . . . . . . . . • 0. 060
Ampere
PLATE VOLTAGE.........................
135
180 max.
Volts
SCREEN VOLTAGE (Maximum)..............
67 .5
67 .5
Volts
GRID VOLTAGE..........................
-3
-3
Volts
PLATE CURRENT..........................
1. 7
1. 7
Milliamperes
SCREEN CURRENT (Maximum)...............
0.4
0.4
Milliampere
PLATE RESISTANCE. . . . . . . . . . . . . . . . . . . . . . .
0. 95
1 .2
Megohms
AMPLIFICATION FACTOR..................
610
780
MUTUAL CONDUCTANCE..................
640
650
Micromhos
GRID-PLATE CAPACITANCE (With shield-can).
0.015 max.
µµf
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
5. 3
µµf
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
10. 5
µµf
BULB (For dimensions, see Pase 151, Fig. 12) ................. .
ST-14
CAP .•..................................................
Small Metal
BASE .................................................. .
Medium 4-Pin

INSTALLATION
For socket mounting and filament operation, refer to INSTALLATION for type 30.
The screen voltage may be obtained from a tap on the plate battery or a bleeder
circuit across the supply battery in whole or in part. Never attempt to obtain the screen
voltage for the 32 by connecting the screen through a series resistor to a high-voltage
source The results will not be satisfdctory because of voltage-drop variation produced
by the different screen currents of individual tubes.
Volume control may be effected by variation of the screen voltage between O and
67 .5 volts. The variation must, however, be made by a potentiometer shunted across the
screen-voltage supply and not by a hi sh-resistance rheostat.
Complete shielding of all stages is recommended if maximum gain per stage is to
be obtained.

APPLICATION
As a radio-frequency amplifier, the 32 is operated as shown under CHARACTERISTICS. Neither the plate voltage nor the screen voltage is critical. In general, properly
designed radio-frequency transformers are preferable to interstage coupling impedances,
especially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.
As a detector, the 32 may be operated either with grid leak and condenser or with
grid bias. For grid-bias detection, suitable operating conditions are: Plate-supply
voltage, 135 volts applied through a plate-coupling resistance of 0.1 megohm or an
[ 74 l
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equivalent impedance; screen voltage, 67.5 volts; and a negative grid bids (approximately 6 volts) adjusted so that a plate current of 0.2 milliampere is obtained with no
input signdl. For grid leak and condenser detection, suitable operating conditions are;
Plate-supply voltage, 135 volts applied through a plate-coupling resistor of 0.1 megohm
or an equivalent impedance; screen voltage up to 45 volts; grid condenser of
0.00025µf; and grid leak of 1 to 5 megohms.
In designina circuits to use the 32 as a detector, it is desirable to work from the
detector stage directly into the power-output stage.
As an audio-Frequency amplifier in resistance-coupled circuits, the 32 may be operated under the following conditions: Plate-supply voltage, 180 volts applied through
a plate-coupling resistor of 0.1 to 0.25 mesohm (or a 500-henry choke shunted by a
0.25 megohm resistor); screen voltage, 25 volts; plate current, 0.25 milliampere(approximate); grid voltage, -1 volt; and a grid resistor, 0.25 to 2.0 megohms.

AVERAGE PLATE CHARACTERISTICS
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Type 33
POWER-AMPLIFIER PENTODE
The 33 is a power-amplifier pentode
for use in the output stage of batteryllOTTOM v,Ew
operated receivers where economy of
battery consumption is important. The 33
is capable of producing greater power
output than three-electrode power amplifiers of the same plate-current drain. Furthermore, this tube has the desisn feature of greater amplification than is possible in a threeelectrode amplifier tube without serious sacrifice in power output.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C).......................
2.0
Volts
FILAMENT CURRENT...............................
0. 260
Ampere
PLATE VOLTAGE.........................
135
180 max.
Volts
SCREEN VOLTAGE........................
135
180 max.
Volts
GRID VOLTAGE.......................... -13.5
-18
Volts
PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . .
14. 5
22
Milliamperes
SCREEN CURRENT................. . . . . . . . .
3
Milliamperes
5
PLATE RESISTANCE.......................
50000 55000
Ohms
AMPLIFICATION FACTOR (Approximate).. . . . .
70
90
MUTUAL CONDUCTANCE..................
1450
1700
Micromhos
LOAD RESISTANCE........... . . . . . . . . . . . . .
7000
Ohms
6000
SELF-BIAS RESISTOR...... . . . . . . . . . . . . . . . . .
770
Ohms
670
POWER OUTPUT*. . . . . . . . . . . . . . . . . . . . . . . . .
0. 7
1 .4
Watts
µµf
GRID-PLATE CAPACITANCE................
1.0
INPUT CAPACITANCE.....................
8.0
µµf
OUTPUT CAPACITANCE...................
12.0
µµf
BULB (For dimensions, see Page 151, Fig. 11) .............. .
ST-14
BASE .................................................. .
Medium 5-Pin
* 7% total hi:mnonic distortion.

INSTALLATION
The base pins of the 33 fit the standard five-contact socket. The socket should be
installed to hold the tube in a vertical position. In some cases, cushioning of the socket
may be found desirable.
For Rlament operation, refer to INSTALLATION for type 30.

APPLICATION
For the power amplifier stage of radio receivers, the 33 is recommended either singly
or in push-pull combination. More than one audio stage preceding the 33 is undesirable
because of the possibility of microphonic disturbances resulting from the high level of
amplification. The self-bias resistor should be shunted by a suitable filter network to
avoid degenerative effects at low audio frequencies. The use of two 33's in push-pull
eliminates the necessity for the network. If two 33's are operated together in the same
stage, the value of the self-bias resistor will be approximately one-half the value given
for a single tube. Transformer or impedance coupling devices are preferable. If resistance coupling is employed, the grid resistor should not exceed 1.0 megohm under
self-bias conditions; without self-bias, the maximum value is 0.5 megohm.
An output transformer should be used to couple this tube to the winding of the
reproducing unit.
·
The plate family of curves is given on the preceding page.
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Type 34
SUPER-CONTROL R-F
AMPLIFIER PENTODE

.

The 34 is a super-control pentode
recommended for use primarily dS a radio'- .. GRID-METAL TO"'C../IF
80110M VIEW
frequency dmpliFier and intermediatefrequency amplifier in battery-operated
receivers where economy of fildmentcurrent drain is important. The 34 is very effective in reducing cross-modulation and
moduldtion-distortion over the usudl range of signal voltages without the use of dntenna
potentiometers or auxiliary volume-control switches. (See Super-Control amplifier,
page 11.) This super-control characteristic makes the tube uniquely dddptable to the
r-f and i-f stages of receivers employing automatic volume control.

CHARACTERISTICS
2.0
FILAMENT VOLTAGE (D. C.) ...................... .
Volts
Ampere
FILAMENT CURRENT .............................. . 0.060
180 max.
Volts
PLATE VOLTAGE................
67 .St
135
67.5
Volts
SCREEN VOLTAGE(Maximum)*.....
67.5
67.5
-3
Volts
GRID VOLTAGE, Variable (Min.)...
-3
-3
2.8
PLATE CURRENT.................
2. 7
2. 8
Mi IIi amperes
1.0
SCREEN CURRENT. . . . . . . . . . . . . . . .
1 .1
1 .0
Milliam;'.)eres
1.0
PLATE RESISTANCE...............
0.4
0.6
Megohm
620
AMPLIFICATION FACTOR..........
224
360
620
MUTUAL CONDUCTANCE...... . . .
560
600
Micromhos
MUTUAL CONDUCTANCE (At -22. 5
volts bias)....................
15
15
15
Micromhos
GRID-PLATE CAPACITANCE (With shield-can)
0.015 max.
µµf
INPUT CAPACITANCE.....................
6.0
µµf
OUTPUT CAPACITANCE...................
11.5
µµf
BULB (For dimensions, see Page 151, Fig. 12) ................. .
ST-14
CAP ................................................... .
Smdll Metal
BASE .................................................. .
Medium 4-Pin
* Under

conditions of maximum pldte current.

t Recommended Vdlues for use in

portabl,z receivers,

INSTALLATION
The base pins of the 34 fit the standard four-contact socket which should be installed
to hold the tube in a vertical position. Although this tube is quite free from microphonic
disturbances, cushioning of its socket may sometimes be desirable.
For filament operation, refer to INST ALLATJON for type 30.
The screen voltage may be obtained from a tap on the B-supply battery or from a
bleeder circuit across the battery, as a whole or in part. Due to the screen current
characteristics of the 34 1 a resistor in series with the B-supply may be employed, if
desired, for obtaining the screen voltage, provided the maximum voltage between
screen and filament does not exceed 100 volts under conditions of reduced plate current.
Stage shielding enclosing al! the components of each stage is, in general, necessary
for multi-stage amplifier circuits.
[ 77

l

RCA CUNNINGHAM RADIOTRON MANUAL

APPLICATION
As an r-f or i-f amplifier, the 34 is applicable in receivers designed for it. Plate,
screen, and minimum grid voltages are given under CHARACTERISTICS for a number
of operating conditions.
Volume control of the receiver is accomplished effectively by variation of the negative
voltage applied to the grid. In order to obtain adequate volume control, an available
grid-bias voltage of approximately -22.5 volts will be reguired. The exact value will
depend upon the circuit design and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or a separate source, depending on receiver
requirements.

Owing to the fact that the super-control feature of the 34 requires a comparatively
large grid-bias change, the screen and plate voltage may vary considerably for various
volume settings, depending on receiver design. It is recommended, therefore, that
design features be incorporated in the receiver so that the screen voltage will not exceed
67.5 volts under conditions of minimum grid bias and maximum plate current. With a
design arrangement of this kind, the screen voltage at decreased values of plate current
may reach a value higher than 67.5 volts but should not exceed 100 volts. It should
be recognized that under the condition of screen voltage above 67.5 volts at low plate
current, an increase in the grid-bias voltage supply must be provided for adequate
volume control.
As the mixer in superheterodyne circuits, the 34 may be utilized to advantage. It
should be noted that by varying the grid bias on the mixer in conjunction with that on
the radio-frequency and/or the intermediate-frequency stages, additional control of
volume may be accomplished. Recommended conditions are: Plate voltage, 67.5 to
180 volts; screen voltc1ge, 67 .5 volts; grid-bias voltage, -5 volts approximately (with
4-volt oscillator peak swing.)

AVERAGE PLATE CHARACTERISTICS
TYPE 34
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Type 35
SUPER-CONTROL
RADIO-FREQUENCY AMPLIFIER
The 35 is a super-control screen grid
'- GRID-ME1AL TOP CAP
amplifier tube of the heater-cathode type
80110M
VIEW
recommended as an r-f amplifier and an
i-f amplifier in a-c receivers. The 35 is
very effective in reducing cross-modulation and modulation-distortion over the entire range of received signals. Its design is
such as to permit easy control of a large range of signal voltages without the use of localdistance switches or antenna potentiometers. This super-control feature makes the tube
adaptable to circuits incorporating automatic volume control. See page 11 for SuperControl feature. The 35 is interchangeable with type 51.

CHARACTERISTICS

HEMER VOLT AGE (A. C. or D. C.). . . . . . . . . . . . . . . . .
2. 5
HEMER CURRENT.................................
1. 75
PLMEVOLTAGE*........................
180
250
SCREEN VOLTAGE (Maximum)..............
90
90
GRID VOLTAGE, Variable (Minimum)........
-3
-3
PLI\TE CURRENT..........................
6.3
6.5
SCREEN CURRENT (Maximum). . . . . . . . . . . . . . .
2. 5
2. 5
PLATE RESISTANCE.......................
0.3
0.4
AMPLIFICATION FACTOR..................
305
420
MUTUAL CONDUCTANCE..................
1020
1050
MUTUAL CONDUCTANCE (At -40 volts bias)
15
15
GRID-PLATE CAPACITANCE (With shield-can)
0. 007 max.
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
5. 3
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
10. 5
BULB (For dimensions, see Page 151, Fig. 12) ................. .
CAP ................................................... .
BASE .................................................. .
* M-,ximum pl-,te volt,;19e = 275 volts.

Volts
Amperes
Volts
Volts
Volts
Milliamperes
Milliamperes
Megohm
Micromhos
Micromhos
µµf
µµf
µµf

ST-14
Small Metal
Medium 5-Pin

INSTALLATION

The base pins of the 35 fit the standard five-contact socket which may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to type 2A5.
The screen voltage for the 35 may be obtained from a fixed or variable tap on a
voltage divider across the supply voltage or from a portion of the supply.
Complete shielding for all stages of the circuit is necessary if maximum gain and
the volume-control-range capabilities of this tube are to be realized.

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 35 should be operated as shown under CHARACTERISTICS. In general, properly designed radiofrequency transformers are preferable to interstage coupling impedances, especially in
cases where a high-impedance B-supply may cause oscillation below radio frequencies.
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Volume control of receivers designed for the 35 may be accomplished by variation
of the negative grid bias of this tube. In order to utilize the full volume-control range
of the 35, an available grid-bias voltage of approximately 50 volts will be required,
depending on the circuit design and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor.
As a mixer in superheterodyne receivers, the 35 may be used under the following
conditions: Plate voltage, 250 voltsi screen voltage, 90 volts; and grid bias, - 7 volts
with a 6-volt peak swing from the oscillator. By varying the grid bias on the mixer
in conjunction with that on the radio-frequency and/ or the intermediate-frequency
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS
I
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36

Type

RADIO-FREQUENCY AMPLIFIER
The 36 is a heater-cathode type of
screen grid tube intended for use as a
BOTTOM Vlf.W
rddio-frequency amplifier, intermediatefrequency amplifier, and detector. The
relatively low heater current of this type
make it suitable for automobile receivers and for power-line-operated sets, particularly
those with a series-heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6. 3
Volts
HEATERCURRENT.................................
0.3
Ampere
PLATE VOLTAGE..........
100
135
180
250 max.
Volts
Volts
SCREEN VOLTAGE.........
55
67. 5
90 max. 90 max.
GRID VOLTAGE ........... -1.5
-1. 5
-3
-3
Volts
Milliamperes
PLATE CURRENT. . . . . . . . . . .
1 .8
2. 8
3 .1
3. 2
Milliamperes
SCREEN CURRENT... . . . . . . .
1 . 7 max.
Megohm
PLATE RESISTANCE. ....... 0.55
0.475
0.5
0.55
AMPLIFICATION FACTOR...
470
475
525
595
MUTUAL CONDUCTANCE...
850
1000
1050
1080
Micromhos
GRID-PLATE CAPACITANCE (With shield-can).
0. 007 max.
µµf
INPUTCAPACITANCE.....................
3.7
µµf
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
9. 2
µµf
BULB (For dimensions, see Page 151, Fig. 7) .................. .
ST-12
CAP .................................................. .
Small Metal
BASE ................................................ .
Small 5-Pin

INSTALLATION
The base pins of the 36 fit the standard five-contact socket which may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to INSTALLATION for type 6A7.
For screen voltage and shielding refer to INSTALLATION for type 35.

APPLICATION
As a radio-frequency amplifier, the 36 should be operated as shown under
CHARACTERISTICS. Neither the plate nor the screen voltage is critical. In general 1
properly designed rndio-frequency transformers are preferable to interstage-coupling
impedances, especially in cases where a high impedance B-supply may cause oscillation
below radio frequencies.
As a detector, the 36 may be operated either with grid leak and condenser or with
grid bias. For grid-bias detection, suitable operating conditions are: Plate-supply
voltage, 180 volts applied through a plate-coupling resistor of 0.25 mesohm or an

equivalent impedance; screen voltage, 67 .5 volts; and negative grid bias, 6 volts (approx.)
so adjusted that a plate current of 0.1 milliampere is obtained with no input signal. When
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grid leak and condenser detection is employed, a plate voltage of 135 volts applied
through a pl.ite-coupling resistor of 0.25 megohm or an equivalent impedance together
with a screen volt.ige up to 45 volts will be satisfoctory. A grid leak of 2 to 5 megohms
and II grid condenser of 0.00025 µ.f will be suitable.

AVERAGE PLATE CHARACTERISTICS
TYPE
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Type 37
DETECTOR, AMPLIFIER
The 37 is II three-electrode tube of
sonoM v1Ew
the heater-c11thode type. The relatively
low hedter current of this type makes it
suitdble for dutomobile receivers and for
power-line-operated sets, pdrticularly those with d series-heater arrangement.

CHARACTERISTICS
6.3
HEATER VOLTAGE (A. C. or D. C.) ................ .
0.3
HEATER CURRENT ................................ .
250 max.
PLATE VOLTAGE..........
90
135
180
-18
GRID VOLTAGE*.........
-6
-9 -13.5
PLATECURRENT ...........
2.5
4.1
4.3
7.5
8400
PLATE RES ISTANCE. . . . . . . . 11500 10000 10200
AMPLIFICATION FACTOR...
9.2
9.2
9.2
9.2
1100
MUTIJAL CONDUCTANCE. . .
800
925
900
GRID-PLATE CAPACITANCE... . . . . .
2. 0
GRID-CATHODE CAPACITANCE.....
3.5
PLATE-CATHODE CAPACITANCE....
2.9
BuLB (For dimensions, see Page 151, Fig. 6) .................. .
BASE. ............. ' .................................. .

Volts
Ampere
Volts
Volts
Milliamperes
Ohms
Micromhos
µµf
µµf
µµf

ST-12
Small 5-Pin

• Mo,imum grid resistor of 1.0 megohm.

INSTALLATION
The base pins of the 37 fit the standard five-contact socket which may be installed to
hold the tube in dny position.
For heater operation and cathode connection, refer to INSTALLATION for type 6A7.

APPLICATION
As an amplifier, the 37 is applicable to the audio- or the radio-frequency stages of
a receiver. Plate voltages and the corresponding grid voltages for amplifier service
should be determined from CHARACTERISTICS and curves to obtain optimum performance and freedom from distortion. The plate family is given on page 82.
As a detector, the 37 may be oper11ted with either grid leak and condenser or with
grid bias. The plate voltage for the grid leak and condenser method is 45 volts. A
grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 µf is suitable.
For grid-bias detection a plate voltage of 250 volts, together with a negative grid bias
of approximately 28 volts, may be used. The plate current should be adjusted to 0.2 milliampere with no input signal. The grid-bias voltage may conveniently be obtained from
the voltage drop in a resistor between the cathode and ground. The value of this self-

bias resistdnce is not critical, 30000 to 100000 ohms being suitoble. The higher value
will allow the use of a larger input signal.
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Type 38
POWER-AMPLIFIER PENTODE
The 38 is a power-amplifier pentode
of the heater-cathode type. The relatively
low heater current of this type makes it
suitable for automobile receivers and for
power-line-operated sets, particularly
those with a series-heater arrangement.

BOTTOM

VIEW

CHARACTERISTICS
Volts
HEATER VOLTAGE (A. C. or D. C.) ................ .
6.3
Ampere
HEATER CURRENT. ............................... .
0.3
Volts
250 max.
PLATE VOLTAGE..........
100
135
180
Volts
250 max.
SCREEN VOLTAGE.........
100
135
180
-25
Volts
GRID VOLTAGE...........
-9 -13. 5
-18
Milliamperes
PLATE CURRENT...........
7
9
14
22
SCREEN CURRENT..........
1 .2
1. 5
2.4
3.8
Milliamperes
Megohm
PLATE RESISTANCE ........ 0.14
0.13
0.115
0.10
120
AMPLIFICATION FACTOR...
120
120
120
MUTUAL CONDUCTANCE...
875
925
1050
1200
Micromhos
Ohms
LOAD RESISTANCE ......... 15000 13500 11600 10000
SELF-BIAS RESISTOR........ 1100
1100
1100
970
Ohms
2.5*
POWEROUTPUT. .......... 0.27*
0.55t
1.0*
Watts
µµf
GRID-PLATE CAPACITANCE........
0.30
µµf
INPUT CAPACITANCE... . . . . . . . . . .
3. 5
µµf
OUTPUT CAPACITANCE...... . . . . .
7. 5
BULB (For dimensions, see Page 151, Fig. 7) .................. .
ST-12
CAP ........................................... ·•· ..... .
Small Metal
BASE .................................................. .
Small 5-Pin
* 8% totol h,umonic distortion. t 10% total harmonic distortion.
INSTALLATION
The base pins of the 38 fit the standard five-contact socket which may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to INST ALLATl ON for type 6A 7.

APPLICATION
For the power amflifier stage of radio receivers, the 38 is recommended either
singly or in push-pul combination. Transformer or impedance-coupling devices are
preferable. If, however, resistance coupling is used, the grid resistor should be limited,
for a self-biased tube, to 1.0 megohm with plate voltages up to 250 volts, provided the
heater voltage does not rise more than 10% above the rated value under any condition
of operation. In the case of a fixed-bias tube, the grid resistor should be limited to
0.5 megohm for plate voltages of 100 to 135 volts, and to 0.1 megohm for 180 to 250 volts.
If a single 38 is operated self-biased, the self-bias resistor should be shunted by a suitable
filter network to avoid degenerative effects at low audio frequencies. When two 38's
are used in push-pull, the filter network may be omitted. If two 38's are operated
together in the same stage, the value of the self-bias resistor will be approximately onehalf the value given for a single tube.
A family of plate characteristics for this type is given at the bottom of page 86.
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Type

39/44

SUPER-CONTROL R-F AMPLIFIER
PENTODE
The 39 / 44 is d hedter-cdthode tube
of the remote cut-off type suitdble for use
primdrily dS d rddio-frequency amplifier,
soHOM v,t.w
intermediate-frequency amplifier, dnd
mixer in receivers designed for its chdracteristics. The 39/44 is effective in reducing cross-modulation and modulation-distortion
over the usual range of signal voltages without the use of antenna potentiometers or
auxiliary volume-control switches. An explanation of the Super-Control fedture is
given on pdge 11.

CHARACTERISTICS
Volts
HEATER VOLTAGE (A. C or D. C.) ................ .
6.3
Ampere
HEATER CURRENT ................................ ,
0.3
Volts
PLATE VOLTAGE.,..............
90
180
250 max.
Volts
SCREEN VOLTAGE...............
90
90
90 max.
Volts
GRID VOLTAGE (Minimum)........
-3
-3
-3
Milliamperes
PLATE CURRENT. .. . . .. .. . . .. . .. .
5. 6
5. 8
5.8
Milliamperes
SCREEN CURRENT. . . . . . . . . . . . . . . .
1 .6
1 .4
1.4
Megohm
PLATE RESISTANCE .... , . . . . . . . . . .
0. 375
0. 75
1.0
AMPLIFICATION FACTOR..........
360
750
1050
Micromhos
MUTUAL CONDUCTANCE..........
960
1000
1050
MUTUAL CONDUCTANCE(At -42. 5
Micromhos
volts bias)....................
2
2
2
µµf
GRID-PLATE CAPACITANCE (With shield-cdn).
0.007 max.
µµf
INPUT CAPACITANCE. . . .. .. .. . . . . . . . . . . .
3. 5
µµf
OUTPUT CAPACITANCE.. . . . . . . . . . . . . . . . . .
10
BULB (for dimensions, see Page 151, Fig. 7) .................. .
ST-12
Small Metal
CAP ..................... ' ..... ' .......... ' ........... .
Small 5-Pin
BASE .................. , .............................. .

'INSTALLATION
The base pins of the 39/44 fit the standard five-contact socket. The socket may be
installed to hold the tube in any position.
For heater operation and cathode connection, refer to INSTALLATION for type 6A7.
The screen voltage for the 39/ 44 may be obtained from a section of the B-battery,
from a fixed or variable tap on d voltdge divider dcross the supply voltdge, or from a
portion of the supply. Cdre should be tdken to keep the impedance between the screen
and cathode as low dS possible.
When the 39/ 44 is self-biased, d resistor in series with the high-voltage supply may
be used for obtdining the screen voltage. This is possible because of the stable screencurrent characteristic of the 39/44 pentode. The resistor method of securing the screen
voltage is limited to circuits where the screen-voltdge supply does not exceed 180 volts
as a maximum. The value of this resistance should be such that under the conditions of
minimum grid bias and maximum plate current the screen voltage will not exceed 90 volts.
A resistance of approximately 80000 ohms will be suitable.
Complete shielding of all stages is necessary if maximum gain per stage is to be obtained.

APPLICATION
As a radio-frequency and intermediate-frequency amplifier, the 39/44 should be
operated as shown under CHARACTERISTICS. ln general, properly designed radio-

frequency trdnsformers are preferdble to interstage coupling impedances, especially in
cases where

d

high impedance B-supply may cause oscillation below radio frequencies.
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Volume control of receivers designed for the 39/44 may be accomplished by variation
of the negative grid bias of this tube. In order to obtain odequate volume control, an
available grid-bias voltage of approximately 45 volts will be required. The exact value
will depend upon the circuit design and operating conditions. This voltage may be
obtained from a potentiometer, a bleeder circuit, a variable resistor in the cathode
circuit, or from a separate source.
As a detector mixer in superheterodyne receivers, the 39 / 44 may be utilized. Suitable
operating voltages for such service are: Plate voltage, 90 to 250 volts; screen voltage,
90 volts; grid voltage, - 7 volts (approx.), with a 6-volt peak swing from the oscillator.
By varying the grid bias on the mixer in conjunction with that on the r-f dnd/or the i-f
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS
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Type 41
POWER-AMPLIFIER PENTODE
The 41 is a power-amplifier pentode
of the heater-cathode type for use in the
audio-output stage of radio receivers
sonoM v,ew
with 6.3-volt heater supply. The tube is
capable of giving a large power output
with a relatively small input-signal voltage. In comparison with other 6.3-volt types of
power pentodes the 41 has greater power output capability than the 38 and has the
same output as the 89 with the pentode connection. The 41 has higher power sensitivity
than the 89 but lacks the 89's flexibility of application to Class A and to Class B Triode
amplifier circuits. These three types are not interchangeable.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6.3
Volts
HEATER CURRENT.................................
0.4
Ampere
PLATE VOLTAGE..........
100
135
180
250 max.
Volts
Volts
SCREEN VOLTAGE.........
100
135
180
250 max.
GRID VOLTAGE...........
-7
-10 -13.5
-18
Volts
PLATE CURRENT. . . . . . . . . . .
9. 0
12. 5
18. 5
32
Milliamperes
Milliamperes
SCREEN CURRENT..........
1.6
2.2
3.0
5.5
PLATE RESISTANCE (Approx.)103500
94000
81000
68000
Ohms
AMPLIF. FACTOR (Approx.).
150
150
150
150
Micromhos
MUTUAL CONDUCTANCE... 1450
1600
1850
2200
LOAD RESISTANCE ......... 12000 10400
9000
7600
Ohms
SELF-BIAS RESISTOR........
660
680
630
480
Ohms
POWER OUTPUT*.... . . . . . . 0. 33
0. 75
1 .5
3. 4
Watts
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE .................................................. .
Medium 6-Pin
• 10% totdl hdrmonic distortion.

INSTALLATION
The base pins of the 41 fit the standard six-contact socket which may be installed to
hold the tube in any position.
The bulb of this tube will become very hot under certain conditions of operation.
Sufficient ventilation should be provided to prevent overheating.
The heater of the 41 is designed to operate directly from a 6-volt automobile storage
battery despite the voltage Fluctuations during the charge and discharge periods. If
the heater is operated with a.c., the transformer winding which supplies the heater
circuit should be designed to operate the heater at 6.3 volts for full-load operating
conditions at average line voltage.
In a series-heater circuit employirig several 6.3-volt types and one or more 41 's, the
heaters of the 41 's should be placed on the positive side. Furthermore, since most
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater current of the 41. Each 6.3-volt tube
of the 0.3-ampere type in the series circuit should, therefore, be shunted by a bleeder
resistance of 63 ohms.
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The cathode of the 41, when operated from a transformer, should preferably be
connected directly to the electrical mid-point of the heater circuit. When it is operated
in receivers employing a 6-volt storage battery for the heater supply, the cathode circuit
is tied in either directly or through biasing resistors to the negative battery terminal. In
"transformerless" receivers with a series-heater circuit, the cathode circuit of the 41 is
tied in either directly or through biasing resistors to the negative side of the d-c plate
supply which is furnished either by the d-c power line or by the a-c line by means of a
rectifier. In circuits where the cathode is not directly connected to the heater, the
potential difference between them should be kept as low as possible. If the use of a
large resistor is necessary between the heater and cathode of the 41 in some circuit designs,
it should be by-passed by a suitable filter network or objectionable hum may develop.

APPLICATION
For the power amplifier stage of receivers, the 41 may be used either singly or in
push-pull combination. More than one audio stage preceding the 41 is undesirable
because of the possibility of microphonic disturbances resulting from the high level of
amplification.
If a single 41 is operated self-biased, the self-bias resistor should be shunted by a
suitable filter network to avoid degenerative effects at low audio frequencies. The use
of two 41 's in push-pull eliminates the necessity for shunting the resistor, The self-bias
resistor required for two 41's in the same stage is one-half that for a single stage.
Any conventional type of input coupling may be used provided the resistance added
to the grid circuit by this device is not too high. Transformer or impedance coupling
devices are recommended. If, however, resistance coupling is employed, the grid
resistor should not exceed one megohm with self-bias, provided the heater voltage
does not rise more than 10% above the rated value under any condition of operation.
When self-bias is not used, the value should be limited to 100000 ohms.
An output transformer should be used to supply power to the winding of the reproducing unit. The optimum value of load resistance for a single tube is given under
CHARACTERISTICS. For push-pull operation, the plate-to-plate load resistance should
be twice that for a single tube. For best results, the impedance in the plate circuit of
the 41 should be as uniform as possible over the entire audio-trequency range.
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Type 42
POWER-AMPLIFIER PENTODE
The 42 is a heater-cathode type of
80ii0M VIEW
power-amplifier pentode for use in the
audio-output stage of a-c receivers. It is
capable of giving large power output
with a relatively small input-signal voltage. Because of the heater-cathode construction,
a uniformly low hum-level is attainable in power amplifier design.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
HEATER CURRENT.................................

6.3

Volts
Ampere
ST-14
Medium 6-Pin

0. 7

BULB (For dimensions, see Page 151, Fig. 11) ................. .
BASE ..........•..•.....................................

Other characteristics of this type are the same as for the type 2A5.

INSTALLATION
The base pins of the 42 fit the standard six-contact socket which may be installed
to hold the tube in any position. Sufficient ventilation should be provided to prevent
overheating.
The heater is designed to operate at 6.3 volts. In a series-heater circuit employing
several 6.3-volt types and one or more 42's, the heaters of the 42's should be placed
on the positive side. Furthermore, since most 6.3-volt types have 0.3-ampere heaters, a
bleeder circuit across these heaters is required to take care of the additional 0.4-ampere
heater current of the 42. Each 6.3-volt tube of the 0.3-ampere type in the series circuit
should therefore, be shunted by a bleeder resistance of 16 ohms.

APPLICATION
Refer to APPLICATION on the type 2A5. For an additional curve, see page 39.
AVERAGE CHARACTERISTICS
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Type 43
POWER-AMPLIFIER PENTODE
The 43 is a power-amplifier pentode
of the heater-cathode type for use in the
E30TTOM VIEW
output stage of radio receivers, especially
those of the "d-c power line" type and
the "universal (d.c.-d.c.)" type. In such
dpplications, the 43 is capable of handling relatively large audio power at the low
pldte and screen voltage available. A single 43 in the output stage operating with
100 volts on plate and screen can deliver nearly one watt of audio power, while two
43's in push-pull arrangement with the Sdme voltages Cdn supply approximately two w<1tts.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
25
Volts
HEATER CURRENT.................................
0.3
Ampere
PLATE VOLTAGE.........................
95
135 max.
Volts
SCREEN VOLTAGE........................
95
135 max.
Volts
GRID VOLTAGE..........................
-15
-20
Volts
PLATE CURRENT................... . . . . . . .
20
34
Milliamperes
ScREEN CURRENT. . . . . . . . . . . . . . . . . . . . . . . . .
4
7
Milli<1mperes
PLATE RESISTANCE.......................
45000 35000
Ohms
AMPLIFICATION FACTOR..................
90
80
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . . . .
2000
2300
Micromhos
LOAD RESISTANCE........................
4500
4000
Ohms
SELF-BIAS RESISTOR.......................
625
490
Ohms
POWER OUTPUT..........................
0.9*
2.0t
Watts
BULB (For dimensions, see Page 151, Fig. 11) .............•....
ST-14
BASE. ................................................. .
Medium 6-Pin

* 11 % tot•I h•rmonic distortion. t 9% total harmonic distortion.
INSTALLATION

The base pins of the 43 fit the standard six-contact socket which may be installed
to hold the tube either in a vertic<1I or in a horizontal position. Sufficient ventilation
should be provided to circulate air freely <1round the tube to prevent overheating.
The 25-volt heater of the 43 is designed to operate under the norm<1I conditions
of line-voltage variation without materially affecting the performance or serviceability
of this tube. for operation of the 43 in series with the heaters of other types having
0.3-ampere rating, the current in the heater circuit should be adjusted to 0.3 ampere
for the normal supply voltage.
In a series-heater circuit of the "d-c power line" type employing several 0.3-ampere
(6.3-volt) types and one or two 43's, the heaters of the 43's should be placed on the
positive side of the line. Under these conditions, hedter-cathode voltage of the 43
must not exceed the vdlue given under cathode. In a series-heater circuit of the
"universdl" type employing rectifier tube 25Z5, one or two 43's, and several 0.3-ampere
(6.3-volt) types it is recommended that the heater(s) of the 43('s) be placed in the
circuit so that the higher values of heater-cathode bias will be impressed on the 43('s)
rather than on the 6.3-volt types. This is <1ccomplished by arranging the 43('s) on the
side of the supply line which is connected to the cathode of the rectiRe:r, i.e., the positive
terminal of the rectified voltage supply. Between this side of the line and the 43('s),
any necessary auxiliary resistdnce: and the he<1ter of the 2525 are connected in series.
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The cathode circuit in "d-c power line" or "universdl" receivers is tied in either
directly or through bidsing resistors to the negative side of the d-c plate supply which
is furnished either by the i:l-c power line or by the d-C line by means of a rectifier. The
potential difference thus introduced between heater and cathode of the 43 should not
exceed 90 volts d.c. 1 as measured between the negative heater terminal and the cathode.

APPLICATION
As a power amplifier {Class A), the 43 is recommended for use either singly or in
push-pull combination in the power output stages of "d-c power line" and "universal"
receivers. Recommended operating conditions are given under CHARACTERISTICS.
The self-bias resistor should be shunted by a suitable Filter network to avoid de8enerative effects at low audio frequencies. The use of two 43's in push-pull eliminates
the necessity for shunting the resistor. The self-bias resistor for two 43's in the same stage
is approximately one-half the value given for single-tube operation.
If resistance coupling is used for the 43, the maximum grid resistor value is 0.25
megohm. Under operating conditions such that the heater voltage never exceeds
25 volts, a value of 0.5 megohm is permissible.
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Type 45

POWER AMPLIFIER
The 45 is a power-amplifier triode of
the fildment type cdpable of supplying
ldrge undistorted output in d·C operdted
receivers.

BOTTOM

CHARACTERISTICS
D. C.)...............

FILAMENT VOLTAGE (A. C. or
2.5
FILAMENT CURRENT.. . • . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 .5
GRID-PLATE CAPACITANCE.........................
7
GRID-FILAMENT CAPACITANCE.....................
4
PLATE-FILAMENT CAPACITANCE....................
3
BULB (For dimensions, see Pdge 151, Fig. 11) ................. .
BASE ...........................•.......................

VIEW

Volts
Amperes
µµf
µµf
µµf

ST-14
Medium 4-Pin

As Single-Tube Class A Amplifier
FILAMENT VOLTAGE (A. C.) ...................... .
PLATE VOLTAGE................
180
250
GRIDVOLTAGE* ..•............. -31.5
-50
PLATE CURRENT. . . • . . . . . . . . . . . . .
31
34
PLATE RESISTANCE. . . . . . . . . . . . . . .
1650
1610
AMPLIFICATION FACTOR. . . . . . . . . .
3. 5
3. 5
2125
2175
MUTUAL CONDUCTANCE...... . . .
LOAD RESISTANCE. . . . . . . . . . . . . . .
2700
3900
SELF-BIAS RESISTOR..............
1020
1470
UNDISTORTED POWER OUTPUT. . . . .
0. 825
1 .6

2.5
275 max.
-56
36
1700
3.5
2050
4600
1550
2.0

Volts
Volts
Volts
Milliamperes
Ohms
Micromhos
Ohms
Ohms
W<1tts

* Grid volts measured from mid-point of •-c operated Rlament. Self-bios is advisoble in all cases; required
if grid-coupling resistor (max. value of 1.0 megohm) i• used,

As Push-Pull Class AB Amplifier (Two Tubes)
Fixed-Bias Self-Bias
FILAMENT VOLTAGE (A. C.) .............. .
PLATE VOLTAGE(Maximum) .............. .
GRID VOLTAGE ......................... .
ZERO-SIGNAL PLATE CURRENT (Per tube) ... .
MAXIMUM-SIGNAL PLATE CURRENT (Per tube)
LOAD RESISTANCE (Plate-to-pldte) .......... .
SELF-BIAS RESISTOR ....•..................
TOTAL HARMONIC DISTORTION ........... .
POWER OUTPUT. ................•........

2.5
275
-68
14
69
3200

36
45
5060

775
5

5

18

12

INSTALLATION
For inst<1llation refer to INSTALLATION on type 2A3.

I 92 l

2.5
275

Volts
Volts
Volts
Millidmperes
Milliamperes
Ohms
Ohms
Per cent
Watts
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APPLICATION
As a power amplifier (Class A), the 45 may be used either singly or in push-pull.
Typical operating conditions are given under CHARACTERISTICS. If a self-bias
resistor is used, it should be shunted by a suitable filter network to avoid degenerative
effects at low audio frequencies.
In a push-pull Class AB stage, the 45 is operated under conditions such that a small
amount of grid current Aows during the most positive swing of the input signal and the
second harmonic distortion is cancelled by virtue of the push-pull circuit. A driver stage
consisting of one 56 operated at 250 volts on the plate, will drive two 45's in push-pull
(fixed-bias or self-bias) to the stated output values. A step-down interstage transformer
of suitable design is required.
An output device should be used to transfer power to the winding of the reproducing unit.
AVERAGE

PLATE

CHARACTERISTICS

eo,,--,---,---,--r----.----.--...---,-----,--,---.---.-----~

"'w

.::;
:,;

~40>---+---_.,_--~---¥-<-.
-'

'i

l 93 l

~(eunnfnq.ham,Q
~

Radiotron ~
Type

46

DUAL-GRID POWER AMPLIFIER
The 46 is a double-grid power-amplifier tube recommended especially for
BOTTOM \'JEW
service in Class B amplifier circuits of suitable design. A pair of 46's in a Class 8
output stage is capable of supplying an
exceptionally large amount of virtually undistorted poweri while a single 46, operated
in the driver stage as a Class A amplifier, can deliver sufficient power to drive the pair
of 46's in the output stage.
The dual application of the 46 to Class B and to Class A amplifier service is made
possible by different connections of the two grids incorporated in the tube's structure.
Each grid terminates in its respective base pin. For Class 8 operation, the two grids
must be tied together. With this connection, the tube has an amplification factor so hish
that negative grid-bias is not required. For Class A operation; the grid adjacent to the
plate is tied to the plate in order that the tube will have a low amplification factor. In
the latter case, negative grid-bias is required for proper operation of the tube.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . . .

2. 5
FILAMENT CURRENT...............................
1. 75
BULB (For dimensions, see Page 151, Fi 9. 14) ................. .
BASE .................................................. .

Volts
Amperes
S-17
Medium 5-Pin

As Class B Amplifier
PLATE VOLTAGE. ............................... .
PEAK PLATE CURRENT ............................ .
AVERAGE PLATE DISSIPATION ..................... .
TYPICAL OPERATION (2 tubes)
Filament Voltage (A. C.) ............... .
Plate Voltage. . . . . . . . . . ............. .
300
0
Grid Voltage (Both grids tied together) ... .
Zero-Signal Plate Current (Per tube) ..... .
4
5200
Effective Load Resistance (.Plate-to-plate) .. .
16*
Power Output, Approximate (2 tubes) .... .
* With average power input of 950 milliwatts applied between grids,

t With

400 max.
200 max.
10 max.

Volts
Milliamperes
Watts

2.5

Volts
Volts
Volts
Milliamperes
Ohms
Watts

400
0
6

5800
20t

average power input of 650 milliwatts applied between grids.

As Class A Amplifier
FILAMENT VOLTAGE (A. C.) ...................... .
PLATE VOLTAGE ................................ .
GRID VOLTAGE (Grid adjacent to plate tied to plate) ..
PLATE CURRENT ................................. .
PLATE RESISTANCE ............................... .
AMPLIFICATION FACTOR .......................... .
MUTUAL CONDUCTANCE ......................... .
LOAD RESISTANCE (For max. undistorted power)tt .... .
UNDISTORTED POWER OUTPUT ..................... .

tt Approximately twice

2.5

250 max.
-33
22

2380

Volts
Volts
Volts
Milliamperes
Ohms

5.6

2350
6400
1.25

Micromhos
Ohms
Watts

this value is recommended for load of this tube as driver for Class B stage,
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INSTALLATION
The base pins of the 46 fit the stdnddrd five-contact socket which may be instdlled
to operdte the tube either in d vertical or in a horizontal position. For horizontal operdtion, the socket should be positioned with the filament-pin openings one vertically
dbove the other. Sufficient ventilation should be provided around the tube to prevent
overheating.
The filament is designed to operate at 2.5 volts. The transformer winding supplying
the filament circuit should operate the fil<Jment di this recommended value for full-load
oper<Jting conditions at dVerage line voltage. The filament wiring should, insofar as
possible, be isolated from the input circuit of the driver stage in order to avoid the
possibility of hum caused by electrostatic induction from this wiring.
The grid- and the plate-return lead for the Class B stage should be connected to
the mid-tap of the filament winding or to the center-tap of a 20-ohm resistor across
the winding. The grid- and plate-return for the driver stage should be made to a variable
center-tapped resistor dcross the fildment supply for minimum hum adjustment. The use of
a push-pull driver stage with either equi-potential or filament-type tubes will reduce
hum resulting from the filament supply, but is required only in special applications.
APPLICATION
For Class B audio power-amplifier service, the 46 is particularly recommended because
of its design. In this type of service, the two grids in the tube are connected together
and, thus, the signal voltage is applied to both simultaneously. Consideration of general
Class B amplifier design features is given on poge 16.
For Class A operation of the 46, the grid adjacent to the plate is connected to the
plate. The grid next to the filament serves as the control grid. Operation of the tube
is then similar to any Class A power-amplifier triode. The operation of this tube connected
as a Class A amplifier is not indicative of its performance in Class B circuits and should
not be confused with the latter.
The intended application of the 46 as a Class A amplifier is for driving two 46's
in a Class B amplifier circuit. The tube has been constructed for this dual service in order
to reduce the number of tube types necessary in a receiver. The tabulated values for
Class A operation of this type, as given under CHARACTERISTICS, are for its operation
as d power output tube.
OPERATION CHARACTERISTICS
CLASS B OPERATION
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AVERAGE PLATE CHARACTERISTICS
CLASS 8 OPERATION
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Type 47
POWER-AMPLIFIER PENTODE
The 47 is a power-amplifier pentode
for use in the audio output stage of a-c
receivers. In comparison with threesono" view
electrode Class A power amplifiers of the
same plate dissipation, the 4 7 is capable
,
of greater power output with the additional feature of higher amplification.

CHARACTERISTICS
Volts
FILAMENT VOLTAGE (A. C. or D. C.)...............
2. 5
Amperes
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . 75
Volts
PLATE VOLTAGE.................................
250 max.
Volts
SCREEN VOLTAGE................................
250 max.
Volts
GRIDVOLTAGE* ................................ -16.5
Milliamperes
PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
31
Milliamperes
SCREEN CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6
Ohms
·
PLArE RESISTANCE................................
60000
AMPLIFICATION FACTOR. . . . . . . . . . . . . . . . . . . . . . . . . . .
150
Micromhos
MUTUAL CONDUCTANCE..........................
2500
Ohms
LOAD RESISTANCE..... . . . . . . . . . . . . . . . . . . . . . . . . . .
7000
SELF-BIAS RESISTOR...............................
450
Ohms
Watts
POWER OUTPUT (6% total harmonic distortion)..... . . .
2. 7
GRID-PLATE CAPACITANCE.........................
1 .2
µµf
INPUT CAPACITANCE.......................... . .
8.6
µµf
OUTPUT CAPACITANCE............................
13 .0
µµf
BULB (For dimensions, see Pase 151, Fig. 13) ................. .
ST-16
Medium 5-Pin
BASE. ....................................... ' ... ' . ' ... .

* If filament is operated on d.c., grid bias should be -15.3 volts.
INSTALLATION
The base pins of the 47 fit the standard five-contact socket which should be installed
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. Sufficient ventilation should be provided around the
tube to prevent overheating.

APPLICATION
For the power amplifier stage of radio receivers, the 4 7 is recommended-·either
singly or in push-pull combination. More than one audio stage preceding the 47 is
undesirable because of the possibility of microphonic disturbances resulting from the
high level of amplification.
The self-bias resistor should be shunted by a filter network to avoid degenerative
effects at low audio frequencies. The use of two 47's in push-pull eliminates the necessity
for the network and is, in addition, effective in reducing hum from filter circuits. If two
1
47 s are used in the same stage, the value of the self-bias resistor is approximately onehalf the value given for single-tube operation.
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Any conventional type of input coupling may be used, provided the resistance
added to the grid circuit by this device is not too high. Transformer or impedancecoupling devices are preferable. If resistance coupling is used, a grid resistance not
to exceed 0.5 megohm may be employed under the self-bias conditions. Without self.
bias, the grid-leak resistance should not exceed 50000 ohms.
An output transformer should be used in order to supply power to the winding
of the reproducing unit. For best results, the impedance in the plate circuit of the 47
over the entire audio-frequency range should be as uniform as possible.
The blue glow which frequently appears on the inner surface of the 47 bulb is due
to Auorescence caused by stray electrons from the filament which strike the interior of
the getter-coated bulb. This fluorescence is a natural effect and is in no manner an in-

dication of the performance of the tube.

AVERAGE PLATE CHARACTERISTICS
60
TYPE 47
Ef•2::.!> VOLTS D.C.
SCRH.N VOL.TS-2~0

70

coJ.R"'-- J..10 VO

t~r=lti

TS

=:.----

!...

i..--

I / ,__ c.--

60

I ~,

,o

7/

L..><:! s

.,, /

)II/

L.-- L - - - ~ ~
L.--

20

I/

10

40

Ere -12

N<s-i,.

// V,/ ,__f' ....--

40

L,

;..v,c

20

"- "'!'c.
.....

L.---

60

.,.

"'.~~-

...... ~

i--

-24
""-28

-- --- - - _.,--"" - ,..,- •ro.5

!20

16-0

200

240
280
3.ZO
PLATE VOLTS

360

400

440

480

520

AVERAGE CHARACTERISTICS

~

2

\ i\
I
0

u

z

.J

<

800

-7f--+--+--+-"-!---'+-2.5 ~

I

...
{

'

+--+--'--12.0 1-

I

/

~
"-'-+-..-+--'- -+--+-+-+--lLS O

X

1600

i/,

0

8

., /

\

w

t:~

'\.

\

~240 0

2 40

TYPE 47
L{'=2.5 VOLTS D.C,
PLATE: VOLTS=250
SCREEN VOLTS=Z50

J

ffi

'--"

l-+-+--1--+--+-+---i-f--~!.O

-

'

...

:,

~

~

24

·I 6

-

0

CONTROL GRID

I 98 I

~

~~unninq.ham~
~ Radiotron ~
Type 48
POWER-AMPLIFIER TETRODE
The 48 is a power-amplifier tetrode
which hds pentode characteristics when
eonOM VIEW
operated at the recommended screen and
plate voltage. It is for use in the audiooutput stage of receivers designed to
operate from 115-volt d-c power lines. The 48 is exceptional in its ability to deliver
power at the low plate and screen voltage obtainable in such service.
The large power-delivering ability of the 48 is made practical by the unique features
of its electrica I and structural design. Among these are the big cathode with its large
emitting surfdce, the control-grid structure with its heat radiator, and the plate with a
rib structure fastened to its inner surface. The rib structure serves to suppress the effects
of secondary emission which limit the power output of four-electrode screen grid types.

CHARACTERISTICS
HEATER VOLTAGE (D. C.).........................
30
Volts
HEATER CURRENT.................................
0. 4
Ampere
PLATE VOLTAGE.........................
96
125*max. Volts
SCREEN VOLTAGE........................
96
100 max.
Volts
GRID VOLTAGE........ . . . . . . . . . . . . . . . . .
-19
-20*
Volts
PLATE CURRENT..........................
52
56
Milliamperes
SCREEN CURRENT.........................
9
9.5
Milliamperes
AMPLIFICATION FACTOR. . . . . . . . . . . . . . . . . .
Subject to considerable variation
PLATE RESISTANCE.......................
Subject to considerable variation
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . . . . .
3800
3900
Micromhos
LOAD RESISTANCE... . . . . . . . . . . . . . . . . . . . . .
1500
1500
Ohms
SELF-BIAS RESISTOR.............. . . . . . . . . .
310
310
Ohms
TOTAL HARMONIC DISTORTION............
9
9
Per cent
POWER OUTPUT......... . . . .. . .. .. . . . . . . .
2
2. 5
Watts
BULB (For dimensions, see Page 151, Fig. 13)..................
ST-16
BASE...................................................
Medium 6-Pin

* SuiMble conditions for operation with auxili,uy C battery which permits utilization of fut! d-c power~line
voltage (110-115 volts) for plate supply.
INSTALLATION
The base pins of the 48 fit the standard six-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 plate-pin opening at the top and the
cathode-pin opening at the bottom, or vice versa. Sufficient ventilation should be provided
around the tube to prevent overheating.
The heater of the 48 is designed to operate at approximately 30 volts d.c. Due to
the heater-cathode design, the heater voltage may range between 26 dnd 34 volts
during line-voltage ffuctuations without greatly affecting the performance or serviceability
of the tube.
In a series-heater circuit employing several 6.3-volt types and one or more 48's, the
heaters of the 48's should be placed on the positive side of the line. Furthermore, since the

6.3-volt types hove 0.3-ampm: heaters, a bleeder circuit across these heaters is required to
take care of the additiondl 0.1-ampere heater current of the 48. Each 6.3-volt tube in
the series circuit should, therefore, be shunted by a bleeder resistance of 63 ohms. ·
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The cathode circuit in d-c receivers is tied in either directly or through bidsing resistors
to the negdtive side of the hedter circuit. The potentidl difference thus introduced between
heater and cdthode of the 48 should not exceed 90 volts, dS measured between the
negdtive heater terminal and the cathode.
APPLICATION
As a Single Class A power-amplifier tetrode the 48 should be operdted as shown
under CHARACTERISTICS.
The self-bias resistor should be shunted by d suitable filter network to avoid degenerative effects at low audio frequencies. The use of two 48's in push-pull elimindtes
the necessity for shunting the resistor. The value of the self-bias resistor required for
two tubes in the same stage is approximately one-half that for a single stage.
Any conventional type of input coupling may be used, provided the resistdnce added
td. the grid circuit by this device is not too hi;ih. Trdnsformer or impedance-coupling
devices are preferable. In any Cdse, the sum of the resistance of the coupling devices
in the grid circuit and the resistance of the filter network (if used) should not exceed
10000 ohms.
An output transformer should be used in order to supply power to the winding of
the reproducing unit. The optimum values of load resistance for the 48 are given under
CHARACTERISTICS. For best results, the impedance in the plate circuit of the 48
should be as uniform as possible over the entire audio-frequency range, as in the case
of power-amplifier pentodes.

AVERAGE PLATE CHARACTERISTICS
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Type 49
DUAL-GRID POWER AMPLIFIER
The 49 is a double-grid poweramplifier tube designed for use in batteryoperated receivers employing 2-volt
tubes. In such service, it may be used
either as a Class B output tube or, by a
change in socket connections, as a Class A driver tube.

80110M

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).......................
2.0
FILAMENT CURRENT...............................
0.12
BULB (For dimensions, see Page 151, Fig. 11) ................. .
BASE .................................................. .

Volts
Ampere
ST-14
Medium 5-Pin

As Class B Power Amplifier
PLATE VOLTAGE ................................ .
PEAK PLATE CU RR ENT ............................ .
TYPICAL OPERATION (2 tubes)
Plate Voltage ........................ .
135
0
Grid Voltage (Both grids tied together) ... .
Zero-Signal Plate Current (Per tube) ..... .
1.3
8000
Effective Load Resistance (Plate-to-plate) .. .
Power Output, Approximate (2 tubes) .... .
2.3

180 max.
50 max.

Volts
Milliamperes

180
0
2
12000
3.5

Volts
Volts
Milliamperes
Ohms
Watts

135 max.
-20
6.0
4175
4.7
1125
11000*
0.170

Volts
Volts
Milliamperes
Ohms

As Driver-Class A AmpliAer
PLATE VOLTAGE ................................ .
GRID VOLTAGE (Grid adjacent to plate tied to plate) ..
PLATE CURRENT ................................. .
PLATE RESISTANCE ............................... .
AMPLIFICATION FACTOR .......................... .
MUTUAL CONDUCTANCE ......................... .
LOAD RESISTANCE ............................... .
POWER OUTPUT (Approximate) .................... .
* Approximately

Micromhos
Ohms
Watt

twice this value is 7ecommended for load of this tube as driver for Class B stage.

INSTALLATION
The base pins of the 49 fir'the standard five-contact socket which should be installed
to hold the tube in a vertical position. In some cases, cushioning of the socket may be
Found desirable.
For filament operation, refer to INSTALLATl ON on type 1 A6.

APPLICATION
Refer to APPLICATION for type 46.
[ 101
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TYPE 49
E'f::.2.0 VOLTS O.C.
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Type

so

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

.BOTTOM

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D. C.)...............
7. 5
Volts
FILAMENT CURRENT...............................
1.25
Amperes
PLATE VOLTAGE................
350
400
450 max.
Volts
GRID VOLTAGE*.. . . . . . . . . . .. . . .
-63
- 70
-84
Volts
PLATE CURRENT. . . • . . . . . • • . . . . . .
45
55
55
Milliamperes
PLATE RESISTANCE. . . . . . . . . . . . . . .
1900
1800
1800
Ohms
AMPLIFICATION FACTOR.. . .. .. . . .
3. 8
3. 8
3. 8
MUTUAL CONDUCTANCE..........
2000
2100
2100
Micromhos
LOAD RESISTANCE...............
4100
3670
4350
Ohms
SELF-BIAS RESISTOR..............
1400
1275
1530
Ohms
UNDISTORTED POWER OUTPUT. . . . .
2. 4
3 .4
4. 6
Watts
BULBt...................................................
ST-19
BASE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. Medium 4-Pin Bayonet

* Measured from mid-point of 11~c operdted filament.
t Mox:?mum

overatl length,

6¾

inches; maximum didmeter, 2i\ inches.

INSTALLATION AND APPLICATION
Refer to INSTALLATION and APPLICATION on type 10. Any conventional
type of input coupling may be used provided the resistance added to the grid circuit by
this device does not exceed 10000 ohms.
AVERAGE

PLATE

CHARACTERISTICS

TYPE 50
E,f =7,:;> VOL TS O.C,

00'----'--__J_--L

700
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Type 53
CLASS B TWIN AMPLIFIER
The 53 is d hedter-cathode type of
tube combining in one bulb two high-mu
eonoM v1tw
triodes designed for Class B operation. It
is intended primarily for use in the output
stage of a-c operated rddio receivers. The
triode units hdve sepdrdte externdl terminals for dll electrodes except the cathodes dnd
heaters, so thdt circuit desisn is simildr to that of Class B amplifiers utilizing individual
tubes in the output stdge. The 53 may be used dS d Class A dmplifier (with triode units
connected in pdrallel) to drive a 53 as a Cldss B dmplifier in the output stage.

CHARACTERISTICS
HEATER VOLTAGE(A. C. or D. C.)............. .. . .
2.5
HEATER CURRENT.................................
2.0
BULB (For dimensions, see Pdge 151, Fig. 11) ................. .
BASE ................................................. .

Volts
Amperes
ST-14
Medium 7-Pin

As Class B Power Amplifier
PLATE VOLTAGE ...................•.........••••
PEAK PLATE CURRENT (Per plate) ................... .
AVERAGE PLATE DISSIPATION ..................... .
TYPICAL OPERATION
Pldte Voltage ..•..................•...
250
Grid Voltage ..•......................
0
Zero-Signal Plate Current (Per plate) ..... .
14
Effective Load Resistance (Pldte-to-p!dte) ... .
8000
Power Output (Approximdte)* ......... .
8

300 max.
125 max.
10 max.

Volts
Milliamperes
Watts

300
0

Volts
Volts
Milliamperes
Ohms
Wdtts

17 .5
10000
10

As Driver-Clau A Ampliner
(Both grids connected together at socket, likewise both plates.)

PLATE VOLTAGEf.......................
GRID VOLTAGE..........................
AMPLIFICATION FACTOR..................
PLATE RESISTANCE.......................
MUTUAL CONDUCTANCE..................
PLATE CURRENT... . . . . . . . . . . . . . . . . . . . . . . .

* With average

250
-5
35
11300
3100
6

294
-6
35
11000
3200
7

Volts
Volts
Ohms
Micromhos
Milliamperes

Input of 350 milliwatts applied between grids.

t Md'imum plate voltage = 300 volts.

INSTALLATION
The base pins of the 53 fit the seven-contdct (0.855 inch pin-circle diameter) socket
which may be installed to hold the tube in any position. Sufficient ventilation should be
provided to circulate dir freely around the tube to prevent overheating.
For heater operation and cathode connection, refer to type 2A5.

APPLICATION
As a Class B rower ampliner, the 53 is used in circuits similar in design to those
utilizing individua tubes in the output stage. It requires no grid-bias, since the high-mu
feature of the triode units reduces the steady plate current at zero bias to a relatively
low value. Refer to page 16 for general Class B amp Iifier design considerations.
[104]
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Two 53's can be operated in a Class B output stage with the two triode units of
each 53 connected in parallel to give a power output of 20 watts, approximate, under
conditions of 300 volts on the plates and of a 5000-ohm plate-to-plate load.
As a Class A amplifier triode, the 53 may be employed in the driver stage of Class B
amplifier circuits, and thus reduce the number of tube types necessary in a receiver.
When operated in this way with a plate supply of 300 volts and corresponding gridbias, the 53 is capable of supplying a power output upwards of 400 milliwatts. The
load into which the driver works will depend largely on the design factors of the Class B
amplifier. In general, however, the load will be between 20000 and 40000 ohms.
The d-c resistance in the grid circuit of the 53, when operated as a Class A amplifier,
may be as high as 0.5 megohm with self bias. With fixed bias, however, the resistance
should not exceed 0.1 megohm.
Among other and less conventional applications of the 53 are its use as (1) biased
detector and one-stage a-f amplifier, (2) two-stage a-f amplifier, (3) amplifier and phaseinverter to supply resistance-coupled, push-pull output tubes, (4) two-tube oscillator,
and (5) oscillator and amplifier.
An additional curve is given under type 6A6.
AVERAGE PLA1E CHARAC1ERIS11CS
EACH lRIOOE UNlT-CLA5S 8 OPE:RA1ION
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Type

55

DUPLEX-DIODE TRIODE
The 55 is dn d-C hedter type of tube
consisting of two diodes dnd a triode in a
single bulb. It is recommended for service
sonoM v1Ew
as a combined detector, amplifier and
automatic-volume-control tube.
The two diodes and the triode are independent of each other except for the common
cathode sleeve, which has one emitting surfdce for the diodes and another for the triode.
This independence of operation permits of unusudl Aexibility in circuit arrdngement and
design. For example, the diodes of this tube can perform the functions of detection
and of automatic volume-control, while at the same time the triode unit may be used
as an amplifier under its own optimum conditions. For diode-detector considerations,
refer to page 19.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
2.5
HEATER CURRENT...... . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 .0
GRID-PLATE CAPACITANCE.........................
1. 5
GRID-CATHODE CAPACITANCE.....................
1. 5
PLATE-CATHODE CAPACITANCE....................
4.3
BULB (For dimensions, see Page 151, Fig. 7) .................. .
CAP ................................................... .
BASE .................................................. .

Volts
Ampere
µµf
µµf
µµf

ST-12
Small Metal
Small 6-Pin

Triode Unit-As Class A Amplifier
PLATE VOLTAGE................
GRID VOLTAGE.................
PLATE CURRENT. . . . . . . . . . . . . . . . .
PLATE RESISTANCE...............
AMPLIFICATION FACTOR..........
MUTUAL CONDUCTANCE. . . . . . . . . .
LOAD RESISTANCE...............
POWER OUTPUT. . . . . . . . . . . . . . . . .

135
-10.5
3. 7
11000
8.3
750
25000
0. 075

180
-13.5
6. 0
8500
8.3
975
20000
0 .16

250 max.
-20.0
8.0
7500
8.3
1100
20000
0.35

Volts
Volts
Milliamperes
Ohms
Micromhos
Ohms
Watt

Diode Units
Two diode plates are placed around a cathode, the sleeve of which is common to
the triode unit. Each diode plate has its own base pin. Operation curves for the diode
units are given under type 287.

INSTALLATION
The base pins of the 55 fit the standard six-contact socket, which may be installed
to hold the tube in any position.
For heater operation and cathode connection, refer to INSTALL/\TION under
type 2A5.
Complete shielding of detector circuits employing the 55 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and the circuits of other stages.

APPLICATION
The 55 is recommended for performing the simultaneous functions of automatic
volurne-control, detection, and amplification.
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For detection, the diodes may be utilized in a full-wave circuit or in a half-wave
circuit. In the latter case, one plate only, or the two plates in parallel may be employed.
The use of the ha If-wave arrangement will provide approximately twice the rectified
voltage as compared with the full-wave arrangement.
For automatic volume-control, a rectified voltase which is dependent on the r-f or
i-f carrier is usually employed. This voltage is utilized to regulate the gain of the r-f
and/or i-f amplifier stages so as to maintain essentially constant-carrier input to the audio
detector. The regulation of amplifier gain by means of the rectified voltage may be accomplished by a number of methods, differing chieAy in the means of applying the voltage
to the various electrodes of the amplifier tubes. As is well known, the regulatins voltage
may be applied to the control grids of the amplifier tubes. On the other hand, by less
familiar methods, the voltage may, depending on the requirements of the designer, be
applied to other electrodes. For example, the voltage may be applied to suppressor,
plate and/or screen of an r-f pentode.
The complex structure of the 55 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by lhe rectified current flowing
throu9h a resistor in the detector circuit. In another case, the required voltage is obtained by utilizins one diode for the sole purpose of automatic volume-control (a.v.c.).
This latter method is of particular interest since it confines the sensitivity and time-delay
function to the a.v.c. circuit. Time-delay action is, of course, determined by the use of a
resistance and condenser combination having the desired time constant The a.v.c. action
may be postponed by applying a negative voltage to the a.v.c. diode plate. Another
a.v.c. arran9ement capable of various adaptations is to use the triode as a d-c amplifier
to supply the regulating voltage. Additional information on automatic volume-control
is given on page 20.
For ampliAcation, the triode may be employed in conventional circuit arrangements.
Representative conditions for resistance-coupled amplifier applications are given on
page 150. Grid bias for the triode, depending upon circuit design, may be obtained
from a fixed-voltage tap on the d-c power supply or may be obtained by utilizing the
variable voltage drop caused by the rectified current flowing through a resistor in the
detector circuit. In this connection, it should be noted that the circuits on page 131
designate this latter arrangement as "Diode-Biased Amplifier." Diode biasing of the
triode unit m:iy be employed only when at least 20000 ohms resistance is used in the
triode plate circuit.

AVERAGE PLATC CHARACTERISTICS
IS,r--,--,----,r----,-,---,---,T'-CRC.:10.:.DE::,...:.U;.;;Ni.;_T- , - - - , - - - , - - - , - - - , - - ~ ~
TYPE 55
E'.f::2.~VOLT.s

TYPE 85
€,f:::6.3VOLT~

400
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Type 56
SUPER-TRIODE AMPLIFIER,
DETECTOR
The 56 is a three-electrode tube of
the heater-cathode type recommended for
80110M VIEW
use as detector, amplifier, or oscillator in
a-c receivers designed for it. Th is tube is
characterized by its high mutual conductance, and its comparatively high amplification factor. The 56 is useful in resistancecoupled audio-frequency amplifiers

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
2. 5
Volts
HEATER CURRENT.................................
1.0
Ampere
PLATE VOLTAGE...... . . .. . . . .. . . . . . . . . . . . . . . .. .
250 max.
Volts
GRID VOLTAGE*.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . -13.5
Volts
PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5
Milliamperes
PLATE RESISTANCE......... . . . . . . . . . . . . . . . . . . . . . .
9500
Ohms
AMPLIFICATION FACTOR............. . . . . . . . . . . . . .
13.8
MUTUAL CONDUCTANCE. . . . . . . . .. . .. . . . . . . . . . .. . .
1450
Micromhos
GRID-PLATE CAPACITANCE.........................
3.2
µµf
GRID-CATHODE CAPACITANCE.....................
3 .2
µµf
µµf
PLATE-CATHODE CAPACITANCE....................
2.2
BULB (For dimensions, see Page 151, Fig. 6) .................. .
ST-12
BASE .................................................. .
Small 5-Pin
• If d grid-couplins resistor is used, its mdximum value should not exceed 1.0 megohm.

INSTALLATION
The base pins of the 56 Fit the standard five-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 oper<1te at 2.5 volts. The transformer winding supplying
the heater circuit should be designed to operate the heater at this recommended value
for full-load operating conditions at average line voltage.
The cathode should preferably be connected directly to <1 mid-tap on the he<1ter
winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potential difference should be kept as low as possible.

APPLICATION
As an amplifier, the 56 is applicable either to radio-frequency or <1udio-frequency
circuits. Recommended operating conditions for service using transformer coupling are
given under CHARACTERISTICS. For circuits utilizing resistance coupling, typical
operating conditions are as follows: Plate-supply voltage, 250 volts; grid-bias voltage,
-9 volts (approximate); plate-load resistor, 50000 to 100000 ohms; and plate current,
1 to 2 milliamperes.
·
As a detector, the 56 may be of the grid leak and condenser or grid-bias type. The
plate voltage for the grid leak and condenser method should be about 45 volts. A grid
leak of from 1 to 5 megohms with a grid condenser of 0.00025 µf is satisfactory. For the
grid-bias method of detection, a plate-supply voltage of 250 volts may be used together
with a negative grid-bias voltage of approximately 20 volts. The plate current should
be adjusted to 0.2 milliampere, with no input signal voltage The grid-bias voltage
may be supplied from the voltage drop in a resistor between cathode and ground.
The value of this self-bias resistor is not critical, 30000 to 150000 ohms being suitable.
The higher value will permit the application of a larger input signal.
A plate family for this type is given under type 76.
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57

TRIPLE-GRID DETECTOR
AMPLIFIER
The 57 is a triple-grid tube recommended especially for service as a biased
detector in a-c receivers designed for its
eono"' v1Ew
characteristics. In such service, this tube
is capable of delivering a large audiofrequency output voltage with relatively small input voltage. Other applications of the
57 include its use as a low signal-input, screen-grid amplifier tube and as an automaticvolume-control tube. Significant among its electrical features are its sharp plate current
"cut-off" with respect to grid voltage, and its adaptability of electrode combinations to
unusual circuit applications. The 57 is constructed with an internal shield connected to
the cathode within the tube.

CHARACTERISTICS
HEATER VOLTAGI:: (A. C. or D. C.).................
2.5
Volts
HEATER CURRENT.................................
1.0
Ampere
PLATE VOLTAGE......................... 100
250 max.
Volts
SCREEN VOLTAGE........................ 100
100 max.
Volts
GRID VOLTAGE* ......................... -3
-3
Volts
SUPPRESSOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connected to cathode at socket
PLATE CURRENT. ......................... 2.0
2.0
Milliamperes
SCREEN CURRENT,... . . . . . . . . . . . . . . . . . . . .. 0. 5
0. 5
Milliampere
PLATE RESISTANCE. . . . . . . . . . . . . . . . . . . . . . . 1 . 0 Greater than 1 . 5 Megohms
AMPLIFICATION FACTOR ........ , ......... 1185 Greater than 1500
MUTUAL CONDUCTANCE .................. 1185
1225
Micromhos
GRID VOLTAGE (Approximate)**........... -7
-7
Volts
GRID-PLATE CAPACITANCE (With shield-can).
0.007 max.
µµf
µµf
INPUTCAPACITANCE.....................
5.0
µµf
OUTPUT CAPACITANCE...................
6.5
BULB (For dimensions, see Page 151, Fig. 8) .................. .
ST-12
CAP ................................................... .
Small Metal
BASE .................................................. .
Small 6-Pin

* If d grid-coupling resistor is used, its m•ximum Vdlue should not exceed 1.0 megohm
** For cathode current cut-off.
INSTALLATION
The base pins of the 58 fit the standard six-contact socket which may be installed to
hold the tube in any position.
For heater operation and cathode connection, refer to INST ALLATl ON for type 56.
For screen voltage and shielding requirements, see INSTALLATION on type 6C6.

APPLICATION
Refer to APPLICATION on type 6C6.
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Type 58
TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 58 is a triple-grid super-control
dmplifier tube recommended especially for
service in the radio-frequency and inter80110M VIEW
mediate-frequency stages of a-c receivers
designed for its characteristics. Significant among its electrical features are the extended mutual conductance operating range
and the adaptability of electrode combinations to various circuit applications. The ability
of this tube to handle usual signal voltages without cross-modulation and modulationdistortion makes it adaptable to the r-f and i-f stages of receivers employing automatic
volume-control The 58 is constructed with an interOdl shield connected to the cathode
within the tube.

CHARACTERISTICS
HEATERVOLTAGE(A.C.orD.C.).................
2.5
Volts
HEATER CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 .0
Ampere
PLATE VOLTAGE.........................
100
250 max.
Volts
SCREEN VOLTAGE........................
100
100 max.
Volts
GRID VOLTAGE (Minimum)................
-3
-3
Volts
SUPPRESSOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connected to cathode at socket
PLATE CURRENT.... . . . . . . . . . . . . . . . . . . . . . .
8
8. 2
M•lliamperes
SCREEN CURRENT...... . . . . . . . . . . . . . . . . . . .
2. 2
2. 0
Milliamperes
PLATE RESISTANCE.......................
0.25
0.8
Megohm
AMPLIFICATION FACTOR..................
375
1280
MUTUAL CONDUCTANCE. . . . . . . . . . . . . . . . . .
1 500
1600
Micromhos
MUTUAL CONDUCTANCE (At -40 volts bias)
10
10
Micromhos
GRID-PLATE CAPACITANCE (With shield-can)
0. 007 max.
µµf
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
4. 7
µµf
OUTPUT CAPACITANCE. . . . . . . . . . . . . . . . . . .
6. 5
µµf
BULB (For dimensions, see Pdge 151, Fig. 8) .................. .
ST-12
Small Metal
CAP ..... ··············· ............................... .
BASE .................................................. .
Small 6-Pin

INSTALLATION
The base pins of the 58 fit the standard six-contact socket which may be installed to
hold the tube in any position.
For heater operation and cathode connection, refer to INSTALLATION for type 56.
For control-grid bias variation, screen voltage, and suppressor considerations, refer to
INSTALLATION on type 6D6.
Shielding requirements are similar to those for type 6C6.

APPLICATION
Refer to APPLICATION on type 6D6.
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Type 59
TRIPLE-GRID POWER AMPLIFIER
The 59 is a triple-grid power-amplifier
tube of the heater-cdthode type for use
in the output stage of a-c operated receivsonoM v,Ew
ers. The triple-grid construction of this
tube, with external connections for each
grid, makes possible its application as (1) a Class A Power-Amplifier Triode, (2) a Class A
Power-Output Pentode, and (3) a Class B Power-Output Triode.

CHARACTERISTICS
HEATERVOLTAGE(A.C.orD.C.).................
2.5
HEATER CURRENT.......................... .. . .. .
2.0
BULB (For dimensions, see Page 151, Fig.13) ................. .
BASE ................................................. .

Volts
Amperes
ST-16
Medium 7-Pin

As Class A Power Amplifier
Triode 0 Pentode 00
250 max. 250 max.
250 max.
-28
-18
26
35
9
100
6
2300
40000
2600
2500
5000*
6000
1080
410
1.25

PLATE VOLTAGE.................. . . . . . .
SCREEN VOLTAGE (Grid No. 2) ........... .
GRID VOLTAGE (Grid No. 1) ............. .
PLATE CURRENT. ........................ .
SCREEN CURRENT ........................ .
AMPLIFICATION FACTOR ................ .
PLATE RESISTANCE ...................... .
MUTUAL CONDUCTANCE. . . ............. .
LOAD RESISTANCE ....................... .
SELF-BIAS RESISTOR ...................... .
POWER OUTPUT ......................... .

3t

Volts
Volts
Volts
Milliamperes
Mi 11 iamperes
Ohms
Micromhos
Ohms
Ohms
Watts

As Class B Power Amplifier-Triode Connection
(Grids No. 1 and No. 2 tied together, grid No. 3 tied to plate)
PLATE VOLTAGE.................................
400 max.
PEAK PLATE CURRENT.............................
200 max.
AVERAGE PLATE DISSIPATION......................
10 max.
AVERAGE GRID DISSIPATION (Grids No. 1 and No. 2).
1. 5 max.
TYPICAL OPERATION (2 tubes)
Plate Voltage ••...........•...........
300
400
Grid Voltage (Grids No. 1 and No. 2) ....
0
0
Zero-Signdl Plate Current (Per tube) ••....
10
13
Effective Load Resistance (Pldte-to-plate) .. .
4600
6000
Power Output, Approximate (2 tubes) .... .
15
20

Volts
Milliamperes
Watts
Watts
Volts
Volts
Milliamperes
Ohms
Watts

• Grids No. 2 and No. 3 tied to plate, grid No. 1 is control grid.
Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen.
* Optimum for maximum undistorted power output of 1.25 watts. Approximately twice this value is recom-

00

mended for load of this type as driver for Class Bstage.

t 7% tot.I harmonic distortion,
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INSTALLATION
The base pins of the 59 fit the seven-contact (0.855-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.
The bulb of this tube may become very hot under certain conditions of operation.
Sufficient ventilation 1 therefore, should be provided to circulate air freely around the
tube to prevent overheating.
For heater operation and cathode connection, refer to INSTALLATl ON for type 2A5.

APPLICATION
For Class A Triode Operation of the 59, the two grids (No. 2 and No. 3) immediately adjacent to the plate are connected to the plate, while the third (No. 1) is employed
for control purposes. Operation of the tube is then similar to any Class A poweramplifier triode. The tabulated values for Class A operation of this type as given under
CHARACTERISTICS, are for its operation as a power-output tube. When it is used as
the driver for a Class B stage, the load requirements are changed, as indicated in the
note under CHARACTERISTICS. This change is recommended in order to minimize
distortion due to the driver stage.
The d-c resistance in the grid circuit of the 59, operating as a Class A amplifier (either
with triode or pentode connection) should not exceed 0. 5 megohm if self-bias is used.
Without self-bias, the resistance should not exceed 10000 ohms. The use of resistances
higher than these may cause the tube to lose bias due to grid current, with the result
that the plate current will rise to a value sufficiently high to damage the tube.
For Class A Pentode Operation of the 59, the grid (No. 3) adjacent to the plate
is tied to the cathode and thus serves as the suppressor, while the other two grids
(No. 2 and No. 1) serve as the screen grid and control grid respectively. Operation
of the tube is then similar to any Class A power-output pentode.
For either method of Class A operation, the self-bias resistor should be shunted
by a suitable filter network to avoid degenerative effects at low audio frequencies. The
use of the two 59's in push-pull eliminates the necessity for shunting the resistor. The
value of the self.bias resistor required for two tubes in the same stage is approximately
one-half that for a single tube.
For Class B Triode Operation of the 59, the grid (No. 3) adjacent to the plate is
tied to the plate, while the other grids (No. 1 and No. 2) are connected together to
serve as a single control-grid. No grid bias is necessary with this connection. This
feature is particularly important because it prevents the variation of bias with applied
signal which would otherwise exist if any self-bias arrangement were employed. A
discussion of Class B design features is given on page 16.

80

160

240
PLATE VOLTS(tb)
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Type 71-A
POWER AMPLIFIER
The 71-A is d power-amplifier tube
of low-output impedance for use in the
output stage of audio-frequency amplifiers.

60T10M

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . . .
5. 0
Volts
FILAMENT CURRENT.... . . . . . . . . . . . . . . .. . . . . . . . . . . .
0. 25
Ampere
PLATE VOLTAGE................
90
135
180 max.
Volts
GRID VOLTAGE*................ -16.5
-27 -40.5
Volts
PLATECURRENT.................
10
17.3
20
Mi Iliamperes
PLATE RESISTANCE...............
2170
1820
1750
Ohms
AMPLIFICATION FACTOR..........
3
3
3
MUTUAL CONDUCTANCE..........
1400
1650
1700
Micromhos
LOAD RESISTANCE. . . . . . . . . . . . . . .
3000
3000
4800
Ohms
SELF-BIAS RESISTOR..............
1600
1700
2150
Ohms
UNDISTORTED POWER OUTPUT. . . . .
0. 125
0. 4
0. 79
W dtt
GRID-PLATE CAPACITANCE................
7 .5
µµf
GRID-FILAMENTCAPACITANCE.............
3.2
µµf
PLATE-FILAMENT CAPACITANCE............
2.9
µµf
BULB (For dimensions, see Pdge 151, Fig. 11)..................
ST-14
BASE ................................................... Medium 4-Pin Bayonet
For operdtion on d-C fildment supply, incredse srid-bii,s volt.age 2.5 volts,

Maximum v.afue of grid-coupling

resistor is 0.5 megohm.

INSTALLATION
The base pins of this tube fit the stdndard four-contact socket which should be
installed to hold the tube in a vertical position.
The coated fil•ment of the 71-A may be ~erdted from a stornge battery or from
the a-c line throu~h d step-down transformer. For operation of this tube from d storage
battery, d fixed or variable resistor of suitable value is required to reduce the battery
voltage to 5.0 volts across the filament terminals dt the socket.

APPLICATION
Operating conditions are given under CHARACTERISTICS for the use of this tube

in the power output stage. A family of plate chMacteristics is given on pdge 102.
With d d-c filament supply, the grid- and the plate-return should be mdde to the
negative filament termindl. For a-c filament supply, the plate- and the grid-return should
be brought either to d mid-tapped resistor of 20 to 40 ohms dcross the filament winding,
or to the mid-point of the filament winding.
Grid bias for the 71-A mdy be obtained from d C-bdttery or by mednS of the voltage
drop in a resistor connected in the negative plate-return lead. The second method is
not generally applicable to battery-operated receivers. The self-bias resistor should be
shunted by a suitable filter network to avoid degenerative effects at low audio frequencies.
If more output is desired than can be obtained from a single 71-A, two 71-A's may
be opernted either in parallel or push-pull connection. The push-pull connection
elimindtes the necessity for shunting the self-bias resistor. When two 71-A's dre operated
together in the same dmplifier stdge, the values of the self-biasing resistors wilt be
approximately one-half the values given above for a single tube.
An output device should be used to transfer power to the winding of the reproducing unit.
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Type 75
DUPLEX-DIODE HIGH-MU
TRIODE
The 75 is a 6.3-volt heater type of
tube consisting of two diodes and a high80TfOM VIEW
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 19.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6. 3
HEATER CURRENT.................................
0.3
BULB (For dimensions, see Page 151,
7) .................. .
CAP •....................................... ····· .....••
BASE .•.........................••....•.................

Volts
Ampere
ST-12
Small Metal
Small 6-Pin

Other characteristics of this type are the same as for the type 2A6.

INSTALLATION
The base pins of the 75 fit the standard six-contact socket which may be installed
to hold the tube in any position.

Heater operation and cathode connection ate the same as for the 6A7.

APPLICATION
Refer to APPLICATION on the type 2A6.
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Type 76
SUPER-TRIODE AMPLIFIER
DETECTOR
The 76 is a three-electrode tube of
the heater-cathode type recommended for
80110M VIEW
use as detector, amplifier, or oscillator
with either a-c or d-c heater supply. This
tube is characterized by its high mutual
conductance and its comparatively high amplification factor. The 76 is useful in resistancecoupled audio-frequency amplifiers.

CHARACTERISTICS
Volts
HEATER VOLTAGE (A. C. or D. C.).................
6.3
Ampere
HEATER CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 3
Volts
PLATE VOLTAGE.................................
250 max.
Volts
GRID VOLTAGE*................................. -13.5
Milliamperes
PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5
Ohms
PLATE RESISTANCE................................
9500
AMPLIFICATION FACTOR...........................
13. 8
Micromhos
MUTUAL CONDUCTANCE..........................
1450
µµF
GRID-PLATE CAPACITANCE........................
2. 8
µµF
GRID-CATHODE CAPACITANCE.....................
3.5
µµF
PLATE-CA THODE CAPACITANCE. . • . . . . . . . . . . . . . . . . .
2. 5
ST-12
BULB (For dimensions, see Page 151, Fig. 6) .................. .
Small 5-Pin
BASE. ........•...............•.........................

* If a grid-coupling resistor is used

1

its mdximum value should not exceed 1.0 megohm~

INSTALLATION AND APPLICATION
The base pins of the 76 ·fit the standard five-contact socket which may be installed
to hold the tube in any position. For heater operation and cathode connection, refer
to INSTALLATION for type 6A7. Refer to APPLICATION for the type 56.
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Type

77

TRIPLE-GRID DETECTOR
AMPLIFIER
The 77 is a triple-grid tube recommended especially for service as a biased
detector in radio receivers designed for
its characteristics. In such service, this
tube is capable of delivering a large
audio-frequency output voltage with relatively small input voltage. Other applications
of the 77 include its use as a low-signal-input screen-grid amplifier tube and as an
automatic-volume-control tube.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . . . . .
6. 3
Volts
HEATER CURRENT.................................
0.3
Ampere
PLATE VOLTAGE.........................
100
250 max.
Volts
SCREEN VOLTAGE........................
60
100 max.
Volts
GRID VOLTAGE*.........................
-1.S
-3
Volts
SUPPRESSOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connected to cathode at socket
PLATE CURRENT... . . . . .. . . . .. . . . .. . . .. .. .
1. 7
2. 3
Milliamperes
SCREEN CURRENT ......... , . . . . . . . . . . . . . . .
0. 4
S
Milliampere
PLATE RESISTANCE (Approximate).... . . . . . . .
0. 65
1 .5
Megohms
AMPLIFICATION FACTOR..................
71'5
1500
Micromhos
MUTUAL CONDUCTANCE..................
1100
1250
GRID VOLTAGE (Approximate)t............
-5. 5
-7. 5
Volts
µ.µ.f
GRID-PLATE CAPACITANCE (With shield-can).
0.007 max.
µ.µ.f
INPUT CAPACITANCE. . . . . . . . . . . . . . . . . . . . .
4. 7
µ.µf
OUTPUT CAPACITANCE...................
11.0
BULB (For dimensions, see Page 151, Fig. 7) .................. .
ST-12
CAP .................................................. .
Small Metal
BASE .................................................. .
Small 6-Pin
* If d grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm.

t For c•thode current cut-off.

INSTALLATION
The base pins of the 77 fit the standard six-contact socket which may be installed to
hold the tube in any position.
For heater operation and cathode connection, refer to INSTALLATION under
type 6A7.
Shielding and screen voltage requirements are similar to those for the type 6C6.
As a radio-frequency amplifier pentode, the 77 may be used particularly in applications where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control grid voltage (or both) may be varied
to control the receiver volume. When larger signals are involved, a super-control amplifier
tube should be employed to prevent the occurrence of excessive cross-modulation and
mo:lulation-distortion. Recommended operating conditions for amplifier service are given
under CHARACTERISTICS.
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As a biased detector, the 77 is pdrticularly recommended becduse of its ability to
deliver a large audio-frequency output voltage of good qudlity with d fairly small radiofrequency signal input. Recommended conditions for the 77 as a biased detector are
as follows:
PLATE SUPPLY* ..................................... .
SCREEN VOLTAGE ................................ ..
GRID VOLTAGE .................................... .
CATHODE RESISTOR ................................ .
SUPPRESSOR. . . . . . . . .. . .. . . . . . . . . . .. . . .. . . .. . . . . .. . .
CATHODE CURRENT (No sign•!) ..................... .
PLATE RESISTOR .................................... .
PLOCKING CONDENSER ........................... .
GRID RESISTORt .................................... .
11-F SIGNAL (RMS)** ............................... .

250
50

250
Volts
100 max. Volts
-4.3
Volts
-2
-2
12500
3000
10000
Ohms
Connected to Cdthode •t socket
0.16
0.65
0.43
Milli•mpere
Megohm
0.25
0.25
0.50
µF
0.01
0.03
0.03
0.25
0.25
0.25
Megohm
Volts
1.88
1.18
1.37
100
36

* Volt•se ot pl•te will be PLATE SUPPLY volt•ge minus vol toge drop in plote resistor caused by plate current.
t For the following •mplifier tube.
** With these signdl voltages modul•ted 20%, the volt•ge output for the 100-volt plate supply is 14 peok

volts dt the grid of the following dmplifier, a Vdiue sufficient to insure full dudio output from d type 43: likewise,
for the 250-vo[t conditions, 17 pedk volts, d value sufficient to insure full audio output from d type 2AS.

Detector bias may be obtained from a bleeder circuit, from a resistor in the cathode
circuit, or from a partial self-bias circuit. The cathode-resistor method permits of higher
output at low percentage modulation since the input signal may be increased almost in.
inverse proportion to the modulation without resulting in objectionable distortion.
As an audio-frequency amplifier pentode in resistance-coupled circuits, the 77 may
be operated as shown on page 150.
As an audio-frequency amplifier triode, the 77 should have its screen and suppressor
connected to the plate. Operating conditions for triode service in transformer-or
impedance-coupled circuits are: Plate voltage, 250 volts; grid voltage, -8 volts; and
plate current, 8 milliamperes, approximate. If resistance coupling is used, a plate-supply
voltage of 250 volts may be applied through a plate-coupling resistor of 0.1 to 0.25
megohm.
As a mixer in superheterodyne circuits, the 77 can be employed, but a tube having
super-control characteristics is to be preferred, especially if signals of large magnitude
are to be received, and if supplementary volume control is to be obt.;ined in this stage.
AVERAGE PLATE CHARACTERISTICS
TYPE
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Type

78

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 78 is a triple-grid super-control
<1mplifier tube recommended for service
in the radio-frequency and intermediatefrequency stoses of radio receivers designed for its characteristics. The ability of
this tube to handle usual signal voltages without cross-modulation and modulationdistortion makes it adaptable to the r-f and i-f stages of receivers employins automatic
volume-control. The internal shield around the plate of the 78 is connected to the cathode
within the tube.

CHARACTERISTICS

HEATER VOLTAGE (A. C. or D. C.).................
6.3
HEATER CURRENT..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0. 3
PLATE VOLTAGE.........
90
180
250 max. 250 max.
SCREEN VOLTAGE.........
90
75
100
125 max.
GRID VOLTAGE (Minimum).
-3
-3
-3
-3
SUPPRESSOR. . . . . . . . . . . . . .
Connected to cathode at socket
PLATE CURRENT. .. . . . . . . . .
5.4
4. 0
7 .0
10. 5
SCREEN CURRENT..........
1. 3
1.0
1. 7
2 .6
PLATERESISTANCE ........ 0.315
1.0
0.8
0.6
AMPLIFICATION FACTOR...
400
1100
1160
990
MUTUAL CONDUCTANCE... 1275
1100
1450
1650
GRIDVOLTAGE* .......... -38.5 -32.5 -42.5 -52.5
GRID-PLATE CAPACITANCE (With shield-can).
0.007 max.
INPUT CAPACITANCE.....................
4.5
OUTPUT CAPACITANCE...................
11 .0
BULB (For dimensions, see Page 151, Fig. 7) .................. .
CAP ..... ········· ............................. ······ .. .
BASE ................................................. .
* For mutual conductance: 2 micromhos:~

Volts
Ampere
Volts
Volts
Volts
Milliamperes
Milliamperes
Megohm
Mkromhos
Volts
µµf
µµf
µµf

ST-12
Small Metal
Small 6-Pin

INSTALLATION AND APPLICATION
The base pins of the 78 fit the standard six-contact socket which may be installed
to hold the tube in any position. Heater operation and cathode connection are the same
as for the type 6A7. Control-grid bias variation, screen voltage supply, and suppressor
connection follow the methods given under INSTALLATION for the type 6D6.
Shielding requirements are similar to those of the type 6C6. Refer to APPLICATION
on the type 6D6.
AVERAGE PLATE CHARACTERISTICS
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Type 79
CLASS B TWIN AMPLIFIER
The 79 is a heater-cathode type of
tube combining in one bulb two high-mu
sonoM v,tw
triodes designed for Class B operation.
It is intended for use in the audio-output
stage of radio receivers with 6.3-volt
heater supply. The triode units have separate external termiMls for all electrodes except
the cathode and heater so that circuits employing the 79 are similar to those of Class B
amplifiers utilizing individual tubes in the output stage.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.)...............
6.3
HEATER CURRENT.................................
0.6
BULB (For dimensions, see Page 151, Fig. 7) .................. .
CAP ................................................... .
BASE .. .

Volts
Ampere

ST-12
Small Metal
Small 6-Pin

As Class B Power Amplifier
PLATE VOLTAGE ................................ .
250 max.
PEAK PLATE CURRENT (Per plate) ................... .
90 max.
AVERAGE PLATE DISSIPATION ..................... .
11. 5 max.
TYPICAL OPERATION
Plate Voltage. . . . . . . . . . . . . . . . . . . . . . . . .
180
250
Grid Voltage.. . . . . . . . . . . . • . . . . . . . . . . .
0
0
Zero-Signal Plate Current (Per Plate) . . . . . .
3. 8
5.3
Effective Load Resistance (Plate-to-plate). . .
7000 14000
Power Output (Approximate)*...........
5. 5
8.0
* With average power input of 380 milliwatts applied between srlds.

Volts
Milliamperes
Watts
Volts
Volts
Milliamperes
Ohms
Watts

INSTALLATION
The base pins of the 79 fit the standard six-contact socket which may be installed to
operate the tube either in a vertical or in a horizontal position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.
The heater of the 79 is designed to operate on either d.c. or a.c. For operation
on a.c. with a transformer, the winding which supplies the heater circuit should operate
the heater at lts recommended value for full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 79 socket
should be connected directly across a 6-volt battery. In a series-heater circuit employing
several 6.3-volt types and one or more 79's, the heaters of the 79's should be placed
on the positive side. Furthermore, since most 6.3-volt types have 0.3-ampere heaters,
a"bleeder circuit across these heaters is required to take care of the additiondl 0.3-ampere
hedter current of the 79. Each 6.3-volt tube of the 0.3-ampere type in the series circuit
should, therefore. be shunted by a bleeder remtance of 21 ohms.
For cathode operation, refer to INSTALLATION on type 6A7.

APPLICATION
As a Class B power amplifier, the 79 is used in circuits similar in design to those
utilizing individual tubes in the output stage. It requires no grid-bias, since the high-mu
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feature of the triode units reduces the steady plate current at zero bias to only d few
milliamperes. Refer to page 16 for general Class B amplifier design considerations.
As a Class A amplifier, the 79 may be used with grid-bias voltage for small input
signals Such applications include circuits employing the two triode units either in
parallel or in push-pull connection.
In other applications, the two triode units of the 79 may be used in various circuits
to combine the functions of oscillation, detection and/or amplification.
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Type

so

FULL-WA VE RECTIFIER
The 80 is a full-wave rectifying tube
intended for use in d-c power-supply
devices which operate from the a-c supply line.

BOTTOM

VIEW

CHARACTERISTICS
FILAMENTVOLTAGE(A.C.)......................
5.0
Volts
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. 0
Amperes
350
Volts
1 JA-C PLATE VOLTAGE PER PLATE (RMS).........
\D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . .
125 max.
Milliamperes
400 max.
Volts
2 {A-C PLATE VOLTAGE PER PLATE (RMS)..........
D-C OUTPUT CURRENT........................
110 max.
Milliamperes
550 max.
.JA-C PLATE VOLTAGE PER PLATE (RMS)..........
Volts
3
1D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . .
135 max.
Milliamperes
BULB (For dimensions, see Page 151, Fig. 11) ................. .
ST-14
BASE .................................................. .
Medium 4-Pin

* This rating is permissible only with filter circuits having dn input choke of dt least 20 henries.
INSTALLATION
The base pins of the 80 fit the standard four-contact socket which should be mounted
preferably ta 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 both of the filament-pin openings, either at the top or at the bottom. This precaution locates the filament-plane vertical
for most satisfactory performance. Provision should be made for free circulation of air
around the bulb since it becomes quite hot during operation.
The coated filament of the 80 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be the
rated value of 5.0 volts under operating conditions and average line voltage.
The approximate d-c output voltage of the 80 for various values of a-c input voltage
may be obtained from the curves, page 123. For the d-c voltage available at the radio
set, it is necessary to subtract the voltage drop across the filter from the value read from
the curves.

APPLICATION
As a full-wave rectifier, the 80 may be operated with condenser-input or choke-input
filter under conditions not to exceed the rdtings given under CHARACTERISTICS.
As a half-wave rectifier, two 80's may be operated in a full-wave circuit with reasonable serviceability to deliver more d-c output current than can be obtained from one
tube. For this use, the plates of each 80 are tied together at the socket. The allowable
voltage and lead conditions per tube are the same as for full-wave service.
The filter may be ot either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of the
a-c input voltage. The peak value is about 1.4 times the RMS value as measured by
most a-c voltmeters. Filter condensers, therefore, especially the input condenser, should
have a rating high enough to withstand the instantaneous peak value, if breakdown
is to be avoided. When the input-choke method is used, the available d-c output voltage
will be somewhat lower than the input-condenser method for a given a-c plate voltage.
However, improved regulation, together with lower peak current, will be obtained.
[122)
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Type '81
HALF-WAVE RECTIFIER
The '81 is a half-wave rectifier tube
of the high-vacuum type for use in d-c
power-supply devices operating from the
alternating-current supply line. Full-wave
rectification may be accomplished by
two '81's.

BOTTO~

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.)....... . . . . . . . . . . . . . . . .
7. 5
Vo!ts
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 . 25
Amperes
A-C PLATE VOLTAGE (RMS)... . . . . . . . . . . . . . . . . . . . .
700 max.
Volts
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
85 max.
Miiliampere.s
BULB (For dimensions, see Page 151, Fig. 15).............
S-19
BASE . . . . . . . . . . . • . . . . . . . . . . . . . . ....................... Medium 4-Pin Bayonet

INSTALLATION
The base pins of the '81 Fit the standard four-contact socket which should be mounted
to hold the tube in a vertical position. Provision should be m<1de for free circulation of
air around the bulb since it becomes quite hot during operation.
The coated filament of the '81 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the fildment termind!s should be the
rated value of 7.5 volts under operating conditions and average line voltage.
The approximate d-c output voltage of the '81 in half-wave and full-w<1ve connection,
for Vdrious values of d·C input voltage, mdy be obtained from the curves on the preceding
page. For the d-c voltage available at the radio set, it is necessary to subtract the voltage
drop across the filter from the value read from the curves.

APPLICATION
As a half-wave redifier, the '81 mdy be operated under conditions not to exceed
those given under CHARACTERISTICS.
In full-wave circuits, two '81's are required to rectify each half of the a-c voltage
Operating voltages per tube are the same as for the half-wave circuit, but twice the
d-c output current may be obtained.
The filter may be of either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of the
a-c input voltage. The peak value is about 1.4 times the RMS value as measured by most
a-c voltmeters. For this reason, filter condensers, especially the input condenser, should
have a rating hi9h_ 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.
For special applications, it is possible to obtain a d-c output voltage approximately
double that to be expected from conventional rectifier circuits, without exceeding the
recommended maximum 'd·C input-voltage per tube. This is dccomplished by means of a
voltage-doubling system designed for eacb particular application. See page 17.
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Type 82
FULL-WAVE MERCURY-VAPOR
RECTIFIER
The 82 is d full-wave mercury-vapor
rectifier tube of the hot-cathode type for
use in suitable rectifying devices designed
sono"' v1Ew
to supply d-c power of uniform voltage
to receivers in which the direct-current
requirements are subject to considerable variation. The excellent voltage-regulation
char<1cteristic of the 82 is due to its low and practically constant tube voltdge drop
(only about 15 volts) for any current drain up to the full emission of the filament
(see page 4).

CHARACTERISTICS
Volts
FILAMENT VOLTAGE (A. C.).......................
2. 5
Amperes
FILAMENT CURRENT...............................
3.0
A-C VOLTAGE PER PLATE (RMS)...................
500 max.
Volts
Volts
PEAK INVERSE VOLTAGE.....................
1400 max.
Milliamperes
D-C OUTPUT CURRENT (Continuous).. . . . . . . . . . . . . . . .
125 max.
Milliamperes
PEAK PLATE CURRENT. • . . • • . . . . . . . . . . . . . . . . . . . . . . .
400 max.
Volts
TUBE VOLTAGE DROP (Approximate). . . . . . . . . . . . . . . .
15
BULB (For dimensions, see Page 151, Fig. 9) .................. .
S-14
Medium 4-Pin
BASE, •...........• ·,.,,,·······························

MERCURY-VAPOR RECTIFIER CONSIDERATIONS
The 82 has very low internal resistance, so that the current it delivers depends on
the resistance of the load and the regulation of the power transformer. Sufficient protective resistance or reactance must always be used with this tube to limit its current to
the recommended maximum value. If this value is exceeded, the tube voltage drop will
incm1se rapidly and may permanently damage the filaments.
It is characteristic of mercury-vapor rectifiers that no appreciable plate current will
flow until the pldte voltage reaches a certain critical positive value. At this point the
plate current rises steeply to a hiqh value in a small fraction of a second. This surge of
current re-occurring each time either plate becomes positive may excite circuits in the
vicinity of the tube to damped oscillation and thus cause noisy radio receiver operation.
It is usually necessary, therefore, to provide small radio-frequency chokes in series with
each plate lead so that the slope of the current wave front to the filter is reduced
sufficiently to eliminate impact excitation.

INSTALLATION
The base pins of the 82 fit the stand<1rd four-contllct socket, which should be instdlled
to hold the tube in d vertical position with the bdse down. Only cl socket making very
good filament contact cJnd capable of carrying 3 amperes continuously should be used.
Poor contact at the filament pins will cause overheating dt the pins and socket, lowered
filament voltage, and high internal tube drop with consequent injury to the tube.
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The bulb becomes hot during co,ntinuous operation. Provision should be made for
ddequdte natural ventildtion to prevent overhedting, especially if shielding is employed.
The coated filament is intended for d-C operdtion from one of the seconddry windings
of a power transformer. This winding, provided with a center-tap or center-tap resistor,
should supply dt the filament terminals the rated· operating voltage of 2.5 volts when
average rated voltage is applied to the primary. The high current taken by the filament
and the possibility of damage caused by applying plate voltage to the tube with its
filament insufficiently heated make it imperative that all connections in the fildment
circuit be of low resistance and ot adequate current-carrying capacity.
The plate supply is obtained from a center-tapped high-voltage winding designed
so that the maximum a-c input voltage per plate will not exceed 500 volts RMS under
varying conditions of supply-line voltage. The resistance of the transformer windings
should, of course, be low if full advantage of the excellent regulation capabilities of
this mercury-vapor rectifier is to be obtained. Since the drop through the tube is practically constant, any reduction in rectified voltage when the load is increased is due to
the drop in the transformer and/or the filter windings. The return-lead from the plates,
i.e., the positive bus of the filter and load circuit, should be connected to the center-tap
of the filament winding.

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Radio-frequency choke coils, connected in series with each plate
lead and placed within the shielding if used, are usually necessary in receivers having high
sensitivity. The inductance of the chokes should be one millihenry or more.
A fuse having a rating approximately 50% in excess of normal load requirements
should be inserted in the primary of the power transformer to prevent damage in case of
excessive current which may How under abnormal conditions.

It is recommended that the entire equipment be disconnected from the a-c power
supply whenever the 82 is removed from or installed in its socket.

APPLICATION
As a full-wave rectifier, the 82 is recommended for supplying d-c power to receivers,
particularly those in which the di,ect-current requirements cause considerable variation
in the load impressed on the rectifier tube.
As a half-wave rectifier, th~·a2·may be operated with plates connected in parallel.
For example, two 82's so arra~·ged in a full-wave circuit can supply twice the output
current of a single tube. Wh'e'~ the 82's plates are operated in parallel, a resistor of not
less than 100 ohms should be connected in series with each plate in order that each
plate will carry its proper share of the total load.
Filter circuits (page 28) of either the condenser-input or the choke-input type may
be employed provided the maximum voltages and currents tabulated under CHARACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred from
the standpoiht of obtaining the maximum continuous d-c output current from the 82 under
the most favorable conditions.

Under operating conditions, the 82 has a bluish·-white gl~w Filling the space within
the plates and· extending to some degree into the s~rroundirig spa~e outside the plates.
This glow caused by the mercury vapor; is an inht·ent operating characteristic of the 82.
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Type 83
FULL-WAVE MERCURY-VAPOR
RECTIFIER
The 83 is a heavy-duty, full-wave,
mercury-vapor rectifier tube of the hot80110M VIEW
cathode type. It is intended for use in
suitable rectifying devices designed to
supply d-c power of uniform voltage to
receivers. The excellent voltage regulation characteristic of the 83 is due to its low and
practically constant tube voltage drop (only about 15 volts) for any current drain up to
the full emission of its filaments. For mercury-vapor rectrfier considerations, refer to
pages 4 and 125.

CHARACTERISTICS
Volts
FILAMENT VOLTAGE (A. C.).......................
5. 0
Amperes
FILAMENT CURRENT .•.... ,........................
3 .0
Volts
A-C PLATE VOLTAGE PER PLATE (RMS)..............
500 max.
Volts
PEAK INVERSE VOLTAGE.,.........................
1400 max.
Milliamperes
D-C OUTPUT CURRENT (Continuous).. . . . . . . . . . . . . . . .
250 max.
Milliamperes
PEAK PLATE CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
800 max.
TUBE VOLTAGE DROP (Approximate)........... . . . .
15
Volts
BULB (For dimensions, see Page 151, Fig. 13) ................. .
ST-16
BASE ................................................. .
Medium 4-Pin
INSTALLATION
Installation of the 83 is similar to that of the type 82
APPLICATION
As a full-wave rectifier, the 83 is intended for supplying large amounts ot d-c power
to receivers whose requirements are in excess of the rating of the 82. The 83 is recommended for heavy-drain receivers in which the direct-current requirements cause considerable variation in the load impres,ed on the rectifier tube.
As a half-wave rectifier, the 83 may be operated with plates connected in parallel.
For example, two 83's so arranged in a full-wave circuit can supply twice the output
current of a single tube. When the 83's plates are operated in parallel, a resistor of not
less than 50 ohms should be connected in series with each plate in order that each
plate will carry its proper share of the total load. If the load is less than 75% of the
total maximum current rat:ng of the tube(s), the series plate resistors should be increased
to 100 ohms each.
Filter circuits (page 28) of either the condenser-input or the choke-input type may
be employed, provided the maximum voltages and currents tabulated under CHARACTERISTICS are not exceeded. The choke-input type of circuit is to be preferred from
the standpoint of obtaining the maximum continuous d-c output current from the 83
under the most favorable conditions.
Under operating conditions, the 83 has a bluish-white glow filling the space within
the plates and extending to some degree into the surrounding space outside the plates.
This glow, caused by the mercury-vapor, is an inherent operating characteristic of the tube.
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Type 83-v
FULL-WAVE RECTIFIER
The 83-v is a high-vacuum, full-wave
rectifier tube of the heater-cathode type.
BOTTOM VIEW
It is intended for use in suitable rectifying
devices designed to supply d-c power to
receivers having large d-c requirements.
The excellent voltage regulation characteristic of the 83-v is due to the close spacing of
the cathode and plate.

CHARACTERISTICS
HEATERVOLTAGE(A.C.).........................
5.0
Volts
HEATER CURRENT.................................
2.0
Amperes
A-C PLATE VOLTAGE PER PLATE (RMS). . . . . . . . . .
400 max.
Volts
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . .
200 max.
Milliamperes
BULB (For dimensions, see Page 151, Fig. 11) ................ .
ST-14
BASE. ................•...............................•
Medium 4-Pin

INSTALLATION
The base pins of the 83-v Fit the standard four-contact socket which may be mounted
to hold the tube in any position.
The bulb becomes hot during continuous operation.
adequate natural ventilation to prevent overheating.

Provision should be made for

The heater 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. The heater leads should have as low resistance
as practical.
The cathode of the 83-v is connected to the heater within the tube.
OPERATION CHARACTERISTICS

APPLICATION
As a full-wave rectiRer, the 83-v is useful for supplying large amounts of d-c power to receivers, particularly those in which the d-c requirements cause considerable variation in the load impressed on the
rectifier tube.
Filter circuits of either the choke-input or the
condenser-input type may be employed, provided the
maximum voltages and currents tabulated under CHARACTERISTICS are not exceeded. The choke-input type
of circuit is to be preferred from the standpoint of obtaining the maximum continuous d-c output current
from the 83-v under the most favorable conditions.
For discussion of rectifiers and filter circuits, refer
to pages 17 and 28, respectively.
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Type

84

FULL-WAVE RECTIFIER
The 84 is a high-vacuum rectifier of
the heater-cathode type, intended for
supplying rectified power to dutomobilerddio equipment designed for its characteristics. This type is interchangeabie
with the 6Z4.

•

80110M

ViEW

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.) ................ .
HEATER CURRENT ............................... .
A-C PLATE VOLTAGE PER PLATE (RMS) ............. .
PEAK [NVERSE VOLTAGE .......................... .
D-C OUTPUT CURRENT ........................... .
BULB (For dimensions, see Page 151, Fig. 6) ....... .
BASE ......................................... ' ..

6.3
0.5
350 max.
1000 max.
50 max.

Volts
Ampere
Volts
Volts
Milliamperes
ST-12
Small 5-Pin

INSTALLATION
The base pins of the 84 fit the standard five-contact socket which may be mounted
to hold the tube in any position.
The bulb of this tube wil[ become very hot under certain conditions of operation.
Adequate ventilation should be provided for cooling the tube by the use of chassis
enclosures designed to radiate heat efficiently.
The heater is designed so that the normal voltage
variation of 6-volt automobile batteries during charge
and discharge will not materially affect the performance or serviceability of this tube. In such service, the
heater terminals of the socket should be connected
directly across a 6-volt battery. Leads to the battery
should have as low resistance as practical. The d-c
potential difference heater and cathode should be
limited to 500 volts.

APPLICATION
As d full-wave rectifier, the 84 may be operdted
with condenser-input or choke-input filter under conditions not to exceed the ratings given under CHARACTERISTICS.
As

d

half-wave rectifier, the 84 may be used by connecting the two plate terminals

together at ihe socket. With this arrangement, the maximum d-c output current is 75 milliamperes, while other values are the same as for full-wave service.
[129]

~~unninqham~
~ Radiotron

©

Type 85
DUPLEX-DIODE TRIODE
The 85 is d hedter type of tube consisting of two diodes and a triode in
a single bulb. It is for use as a combined detector, amplifier, and automaticvolume-control tube in rndio receivers
designed for its characteristics.
The two diodes and the triode are independent of each other except for a common
cathode sleeve, which has one emitting surface for the diodes and another for the triode.
The separate tube units permit of unusual flexibility in circuit arrangement and design.
For example 1 the diodes of this tube can perform the functions of detection and of automatic volume-control; while at the same time, the triode may be used as an amplifier
under its own optimum conditions. For diode-detector considerations, refer to page 19.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
HEATER CURRENT.... . . . . . . . . . . . . . . . . . . . . . .
GRID-PLATE CAPACITANCE..................
GRID-CA THODE CAPACITANCE. . . . . . . . . . . . . . . . . . . .
PLATE-CATHODE CAPACITANCE.............
BULB (For dimensions, see Page 151, Fig. 7) ............ .
CAP.................
. ..................... .
BASE......
. .............................. .

6. 3
0. 3
1. 5

Volts
Ampere

1.5
4.3

µµf

µµf
µµr

ST-12
Small Meta:
Small 6-Pin

Triode Unit-As Class A Amplifier
PLATE VOLTAGE.. . ' . . . . . . . . . . '
GRID VOLTAGE ............
AMPLIFICATION FACTOR .........
PLATE RESISTANCE ...............
MUTUAL CONDUCTANCE ..
PLATE CURRENT .................
LOAD RESISTANCE .....
POWER OUTPUT ..

180
135
-10.5 -13.5
8.3
8.3
8500
11000
750
975
6.0
3.7
25000 20000
0.16
0.075

250 max.
-20
8.3
7500
1100
8.0
20000
0.35

Volts
Volts
Ohms
Micromhos
Milliamperes
Ohms
Watt

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

INSTALLATION
The base pins of the 85 fit the standard six-contact socket, which may be installed to
hold the tube in any position.
For heater operation and
type 6A7.

cathode connection, refer to INSTALLATION under
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Complete shielding of detector circuits employing the 85 is generdlly necessary to
prevent r-f or i-f coupling between the diode circuits dnd the circuits of other stages.

APPLICATION
For dppliCdtion of the 85 refer to APPLICATION on type 55. The pldte fomily of
chdracteristics for the triode unit is given under type 55.

TYPICAL DUPLEX-DIODE TRIODE CIRCUITS
HALI' -WAVE DETECTOR
DIODE BIASED AMPUl'IER

FULL-WAVE DETECTOR
DIODE BIASED AMPLIFIER

HALf-WAVE DETECTOR
FIXED BIAS AMPLlflER

~r.'
L

~

C1

R3

B+
FIG.2
HALf-WAVE DETECTOR
DIODE BIASED D-C AMPLIFIER

HALF-WAVE DETECTOR,
FIXED BIAS AMPLIFIER

HALF·WA\/E OCTECTOR,SEPARATE
A.V.C.,FIXED BIAS AMPLIFIER

C

""a~---v>N'vv'--"",MA,,__,,,I\MM>;l+ AV.C,

flG.4

tC3

FIG.5

APPROXIMATE VALUES
C _fl50 IJ µf' FOR &>o-1500 KC.
I -\450 µ µf' FOR 175 KC,
C2~ O.!JH'
C3: n1µf'
C4:::: a5µf' OR LAAGE.R
C5

Cg"!: 0.000t JJ f' OR SMALLER
R1 .= 0.5-tO MCOOiM
R2::: 1.0-1..5 ME~S

Al ::Q.1 MEGOtiM

A.-$, :<15-1,0 M£GOl-!M
R:i,::; 1.0 MEGl:)HM

= Q.5 J,H' OR LARGER

C5

~

O.ot-0.1µ.;

C7

=

00005-000IJJ-f'
0.1 JH OR LARGER

ca ; ; ;

, R5:25000 .... 75000 OHMS
£b =VOLTAGE FOR SENSITIVITY
CONTROL
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Type 89
TRIPLE-GRID POWER AMPLIFIER
The 89 is d triple-grid power/
v··--...;;:::::;:;-._,
amplifier tube of the heater-cathode
4GFIID ~~£1-ME ML 10P CAP
BOTTOM VIEW
type recommended for use in receivers
with 6.3-volt heater supply. The triplegrid construction of this tube, with external connections for each grid, makes possible its application as (1) a Class A powerAmplifier Triode, (2) a Class A Power-Output Pentode, and (3) a Class B powerOutput Triode.

CHARACTERISTICS
HEATER VOLTAGE (A. C. or D. C.).................
6.3
HEATER CURRENT.................................
0.4
BULB (For dimensions, see Page 151, Fig. 7) ...............••..
CAP ............................................... ' ... .
BASE .................. ' ............................... .

Volts
Ampere
ST-12
Small Metal
Small 6-Pin

Class A Power Amplifier-Triode Connection
(Grids No. 2 and No. 3 tied to plate)

PLATE VOLTAGE. .............. .
GRID VOLTAGE (Grid No. 1) ..... .
PLATE CURRENT ••••...•..•......
AMPLIFICATION· f ACTOR .•.•......
PLATE RESISTANCE. ............. .
MUTUAL CONDUCTANCE ........•.
LOAD RESISTANCE* ............. .
SELF-BIAS RESISTOR ............. .
UNDISTORTED POWER OUTPUT •....

160
-20
17
4.7
3300
1425
7000
1180
0.3

180
-22.5
20
4.7
3000
1550
6500
1125
0.4

250 max.
-31
32
4.7
2600
1800
5500
970
0.9

Volts
Volts
Milliamperes
Ohms
Micromhos
Ohms
Ohms
Watt

• Optimu111 for 111•xlMu111 undistorted pow,r output. Approxlmat,ly twice th, V<llu, or any given set of
conditions Is reeomm,nd,d for lo•d ol this tube when used as driver for Class B stage.

Class A Power Amplifier-Pentode Connection
(Grid No. 3 tied to cathode)

PLATE VOLTAGE..........
100
SCREEN VOLT. (Grid No. 2)
100
GRIDVOLTAGE(GridNo.1) -10
PLATE CURRENT...........
9. 5
SCREEN CURRENT...... . . . .
1 .6
AMPLIFICATION FACTOR...
125
PLATE RESISTANCE ..•..... 104000
MUTUAL CONDUCTANCE... 1200
LOAD RESISTANCE ...••.... 10700
SELF-BIAS RESISTOR.... . • . .
900
POWER OUTPUT*. . . . . . . . . . 0. 33

* 9% totol h•monle distortion.

135
135
-13.5
14
2. 2
125
92500
1350
9200
830
0. 75
[132]

180
180
-18
20
3. 0
125
80000
1550
8000
785
1 .5

250 max.
250 max.
-25
32
5.5
125
70000
1800
6750
670
3.4

Volts
Volts
Volts
Milliamperes•
Milliamperes
Ohms
Micromhos
Ohms
Ohms
Watts

RCA CUNNINGHAM RADIOTRON MANUAL

. Class B Power Amplifier-Triode Connection
(Grids No. 1 ond No. 2 tied tog<ther, grid No. 3 tied to plate)

PLATE VOLTAGE ............................... ..
PEAK PLATE CURRENT ............................ .
AVERAGE GRID DISSIPATION (Grids No. 1 and No. 2).
TYPICAL OPERATION (2 tubes)
Plate Voltage ................................. .
Grid Voltage (Grids No. 1 and No. 2 together) ... .
Zero-Signal Plate Current (Per tube) .............. .
Effective Load Resistance (Plate-to-plate) .......... .
Power Output, Approximate (2 tubes) ............ .

250 max.
90 max.
0.35 max.

Volts
Milliamperes
Watt

180
0
3
9400
3.5

Volts
Volts
Millidmperes
Ohms
Watts

INSTALLATION
The base pins of the 89 fit the standard six-contact socket which may be installed to
hold the tube in any position. Sufficient ventilation should be provided to circulate
air freely dround the tube to prevent overheating.
For heater operation, see type 41 1 for cathode connection refer to type 6A7.

APPLICATION
For Class A Triode Operation of the 89, the two grids (No. 2 and No. 3), immediately
adjacent to the plate, are connected to the plate, while the third (No. 1) is employed
for control purposes. Operation of the tube is then similar to any Class A PowerAmplifier Triode. When it is used as the driver for a Class B stage, the load requirements
are changed as indicated in the note under CHARACTERISTICS. This change is recommended in order to minimize distortion due to
the driver stage.
OPERATION CHARACTERISTJCS
For Class A Pentode Operation of the 89,
the grid (No. 3) adjacent to the plate is tied
to the cathode and thus serves as the suppressor,
while the other two grids (No. 1 and No. 2)
serve as the screen-grid and control-grid respectively. Operation of the tube is then similar to
any Class A power-output pentode.

CLASS 8 OPERATION

TVP£

89

E.;=6.3 VOLTS

For either method of Class A operation the
self-bias resistor should be shunted by a suitable
filter network to avoid degenerative effects at
low audio frequencies. The use of two 89's in
push-pull eliminates the necessity for shunting
the resistor. The value of the self-bias resistor
required for two tubes in the same stage is approximdtely one-half that for a single tube.
When the 89 is operdted as a Class A
Amplifier (triode or pentode), transformer- or
impedance-coupling devices are recommended. If, however, resistance coupling is
used, a resistance of 1.0 megohm may be employed, provided the heater voltage does
not rise more thdn 10 per cent above rated value under any condition of operation.
For Class B Triode Operation of the 89, the grid (No. 3) adjacent to the plate is

tied to the plate, while the other two grids (No. 1 and No. 2) are connected together
to serve as a single control grid. A discussion of Class Bdesign features is given on page 16.
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Types V99 and X99
DETECTORS, AMPLIFIERS
'

The 99 types are three-electrode,
general-purpose tubes designed for drycell operation. The low power consumption of these tubes makes them applicable
to portable receivers and services where power economy is important.
have different bases.

The two types

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.)....................
3 .0-3. 3
FILAMENT CURRENT .... ; ...................... 0.060-0.063
PLATEVOLTAGE.............................
90max.
GRID VOLTAGE..............................
-4.5
PLATE CURRENT..............................
2.5
PLATE RESISTANCE............................
15500
AMPLIFICATION FACTOR.......................
6.6
MUT\JAL CONDUCTANCE.......................
425
GRID-PLATE CAPACITANCE.....................
3.3
GRID-FILAMENT CAPACITANCE..................
2.5
PLATE-FILAMENT CAPACITANCE.................
2.5
Type V99
BULB (See Page 151) .......................... T-8 (Fig. 3)
BASE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Smal I 4-Nub

Volts
Ampere
Volts
Volts
Milliamperes
Ohms
Micromhos
µµf
µµf
µµf

Type X99
T-8 (Fis. 1)
Small 4-Pin

INSTALLATION

TYPE V 1'39

BOTTOM V1EW

The base pins of the X99 fit the standard
four-contact socket; the V99 fits only the small
shell socket with bayonet slot. The sockets
should be installed so that the tubes will operate
in a vertical position. Cushioning of the sockets
in the detector stage may be desirable if microphonic disturbances are encountered.

TYPE: X 99
BOTTOM VIEW

APPLICATION
As detectors, 99's may be operated either with grid leak and condenser or with
grid bias. The recommended plate voltage for the former method is 45 volts. A grid
leak of from 1 to 5 megohms used with a grid condenser of 0.00025 µf is satisfactory. The
grid-circuit return should be· connected to the positive filament terminal. For grid-bias
detection the maximum plate voltage of 90 volts may be used with the corresponding
negative grid bias of 10.5 volts. The grid bias should be adjusted so that the plate current
is 0.2 milliampere with no input signal.
As amplifiers, the 99's are applicable to the audio- or the radio-frequency stages of a

receiver. Recommended plate and grid voltages are shown under CHARACTERISTICS.
[ 135

l

~f2.unninqham~
~·Radiotron ~

Type 112-A
DETECTOR, AMPLIFIER
The 112-A is .i three-electrode
storage-battery tube for use dS a detector
and as an amplifier.

80110M

VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.).......................
5 .0
Volts
FILAMENT CURRENT. . • . . . . . . . . . . . . . . . .. . . . . . . . . . . .
0. 25
Ampere
PLATE VOLTAGE................
90
135
180 max.
Volts
GRID VOLTAGE.................
-4.5
-9 -13.5
Volts
PLATE CURRENT ...... , . . . . . . . . . .
5 .0
6. 2
7. 7
Milliamperes
PLATE RESISTANCE...............
5400
5100
4700
Ohms
AMPLIFICATION FACTOR..........
8.5
8.5
8.5
MUTUAL CONDUCTANCE..........
1575
1650
1800
Micromhos
LOAD RESISTANCE...............
5000
9000 10650
Ohms
UNDISTORTED POWER OUTPUT. . . . .
0. 035
0. 13 0. 285
Watt
GRtD-PLATE CAPACITANCE................
8.5
µµf
GRID-FILAMENT CAPACITANCE.............
4.0
µµf
PLATE-FILAMENT CAPACITANCE............
2.0
µµf
BULB (For dimensions, see P<lge 151, Fig. 11)..................
ST-14
BASE ...........................•...•................... Medium 4-Pin Bayonet
INSTALLATION AND APPLICATION
The base pins of the 112-A fit the standard four-cont.ict socket which should be
installed to hold the tube in a verticdl position.
As a detector, the 112-A mdy be operdted either with grid leak and condenser or
with grid bids. For grid-bias detection, pldle voltages up to the maximum Vdlue of
180 volts mdy be used with the corresponding negative grid-bias voltage (15 volts
approximdtely, dt 180 volts).
As dn amplifier, the 112-A should be oper.ited dS shown under CHARACTERISTICS.
AVERAGE PLATE CHARACTERISTICS

40,--.....,.--,---,--,--.....,.--,--....--..----.--....---,---,,---,.-~
TYPE 112-A

t,=-~vO(..fS 0.C.
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ADDITIONAL TUBE TYPES
Supplementing those given on pages 32 to 136
The '00-A is a three-electrode detector tube of the gds-filled type for use in stordgebattery-operdted receivers. As a grid-ledk detector, this tube is especially effective on
weak signals. See RADIO TUBE CHART for operating conditions.
The 11 and 12 dre detector-amplifier tubes of the three-electrode construction For
use in older types of dry-cell-operdted receivers. Their electricdl characteristics are
identicdl. The 11, however, fits only the WD socket, while the 12 fits the standard
four-contact socket. See RADIO TUBE CHART for chdracteristics.
The '20 is a three-electrode power amplifier tube intended For use in the last audio
stage of dry-bdttery-operated receivers using the 99 and/or 22. See RADIO TUBE
CHART for characteristics.
The 40 is c1 storage-bdttery tube of the three-electrode high-mu type designed for
use in resistance- or impeddnce-coupled amplifier or detector circuits. See RADIO
TUBE CHART for characteristics.
The 874 is a voltc1ge regulator tube designed to maintdin const,rnt d-c output voltage
from rectifier devices for different values of d-c load current. In such devices, the 87 4
maintains an approximately constant d-c voltage of 90 volts across its terminals for any
current from 10 to 50 millidmperes. This tube consists of two electrodes (a cathode and
,rn anode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced
slow in operntion. This type has an S-17 bulb (see pdge 151) and a medium 4-pin base.
Socket connections with reference to fig. 1 of RADIO TUBE CHART are as follows:
Pin No. 1 is anode ( + ); Pin No. 2 is connected within base to Pin No. 4 1 Pin No. 3 is
cathode ( - )1 Pin No. 4 is connected to Pin No. 2.
The 876 is a current regulator designed for use in series with the primary of a power
transformer to absorb the voltage variations normal to a-c power lines. The operating
current of this tube is 1.7 amperes ford voltdge rdnge of 40 to 60 volts drop in the tube.
The 886 is similar to the 876. The operating current of this tube is 2.05 dmperes for a
voltage range of 4Q-60 volts drop in the tube.

INDEX OF TYPES BY USE ANO BY CA THODE VOLTAGE
CATHODE
POWER
VOLTS AMPLlflERS
1.1

VOLTAGE AMPLlrlERS
INCLUDING
DUPLEX-DIODE TYPES

CONVERTERS
IN SUPERHETERODYNE$

DETECTORS

11, 12

-

11, 12

-

30, 32

1A6, 1(6, 34

-

2A6, 2B7,
24-A, 27,
55, 56, 57

2A7, 24-A,
35, 57, 58

82

1.5

-··

2.0

19, 31,

33, 49

30, 32, 34

2.5

2A3, 2A5,
45, 46, 47,
53, 59

2A6, 287, 24-A, 27, 35,
55, 56, 57, 58

26

1A6, 1(6
2A7

'20
112.A, 71-A

22, 99

-

99

01.A, 40, 112.A

-

oo.A,01-A,
40, 112.A

6.3

6A4, 6A6,
38, 41, 42,
79, 89

687, 6(6, 6D6, 6F7, 36,
37, 39/44, 75, 76, 77,
78, 85

7.5

10, 50

3.3

5.0

12.6

-

25.0

43

30.0

48

6A7, 6F7

MIXER TUBES
RECTIFIERS
IN SUPERHETERODYNES

-

687, 6(6, 6A 7, 6(6, 606,
6F7, 36, 37,
6f7, 36,
75, 76, 77,
39/44, 77,
85
78
-

-

-

-
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5Z3, 80,
83, 83,,
1-v, 84

'81

1223

-

25Z5
-

Radio Tube Testing
The radio tube user-service man, experimenter, and non-technical radio listeneris interested in knowing the condition of his tubes, since they govern the performance
of the device in which they dre used. In order to determine the condition of a tube,
some method of test is necessdry.
Since the operdting cdpdbilities dnd design fedtures of d tube dre indicated and
described by its electricdl chardcteristics, d tube is tested by measuring its characteristics
and compdring them with representdtive values established as standard for that type.
Tubes which read abnormally high with respect to the standard for the type are subject
to criticism just the same as tubes which are too low.
Certain practical limitations are placed on the accuracy with which a tube test can
be correlated with actual tube performance. These limitations make it unnecessary for
the service man and dealer to employ complex and costly testing equipment having
ldboratory accuracy.
Since the accuracy of the tube-testine device need be no greater thdn the accuracy of
the correlation between test results and receiver performance, and since certdin fundamentdl characteristics are virtualry fixed by the manufacturing technique of leading tube
manufacturers, it is possible to employ a relatively simple test in order to determine the
serviceability of a tube.
In view of these factors, dealers and service men will find it economically expedient
to obtdin adequate accurdcy and simplicity of operation by employing a device which
indicates the stdtus of d single characteristic. Whether the tube is satisfactory or unsatisfactory is judged from the test result of this single chardcteristic. Consequentlv,
it is very desirable that the characteristic selected for the test be one which is truly
representative of the tube's overall condition.

SHORT CIRCUIT TEST
The fundamental circuit of a short-circuit tester is shown in Fig. 39. While this circuit
is suitable for tetrodes and types having less than four electrodes, tubes of more electrodes
may be tested by adding more indicator lamps to the circuit. Voltdges ore applied
between the various electrodes with lamps in series with the electrode leads. Any two
shorted electrodes complete a circuit and light one or more 'lamps. Since two electrodes
may be just touching to give a high-resistance short, it is desirable that the indicating
ldmps operate on very low current. It is also desirdble to maintain the filament or heater
of the tube at its operating temperature during the short-circuit test, because short-circuits
in a tube may sometimes occur only when the electrodes are heated.

SELECTION OF A SUIT ABLE CHARACTERISTIC FOR TEST
Some characteristics of a tube dre far more importdnt in determining its operating
worth than are others. The cost of building a device to measure any one of the more
important characteristics may be considerably hi;iher than that of a device which measures
a less representative chdracteristic. Consequently, three methods of test will be discussed,
rdnging from relatively simple and inexpensive equipment to more elaborate, more
dCCUrdte, dnd more costly devices.
An emission test is perhaps the simplest method of indicdting d tube·s condition.
(Refer to DIODES, page 3, for a discussion of electronic emission.) Since emission
falls off dS the tube wears out, low emission is indicative of the end of tube serviceability.
However, the emission test is subject to limitations becduse it tests the tube under static
conditions dnd does not take into account the dctual operation of the tube. On the one
hand, coated filaments, or Cdthodes, often develop active spots from which the emission
is so great thdt the reldtively small grid area ddjacent to these spots cannot control the
electron stream. Under these conditions, the totdl emission may indicate the tube to be
normal although the tube is unsdtisfactory. On the other hdnd, codted types of filaments
are capable of such lar;ie emission thdt the tube will often operate satisfactorily after
the emission has fallen far below the original value.
Fig. 39 shows the fundamental circuit diagram for an emission test. All of the electrodes of the tube, except the cathode, are connected to the pldte. The filament, or heater,
is operated at rated voltage; a low positive voltage is applied to the plate. After the tube
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has reached constant temperature, the electronic emission is read on the meter. Readings
which are well below the average for a particular tube type indicate that the total number
of available electrons has been so reduced that the tube is no longer able to function
properly.

Fig. 39

Fig. 40

A mutual conductance test takes into account a fundamental operating principle of
the tube. (This will be seen from the definition of Mutual Conductance on page 7.) It
follows that mutual conductance tests, when properly made, permit better correlation
between test results and actual performance than does a straight emission test.
There are two forms of mutual conductance test which can be utilized in a tube tester.
In the first form (illustrated by Fig. 41, giving a fundamental circuit with a tetrode under
test), appropriate operating voltages are applied to the electrodes of the tube. A plate
current, depending upon the electrode voltages, will then be indicated by the meter. If
the bias on the grid 1s then shifted by the application of a different grid voltage, a new
plate-current reading is obtained. The difference between the two plate-current readings
is indicative of the mutual conductance of the tube. This method of mutual conductance
testing is commonly called the "grid-shift" method, and depends on readings under static
conditions. The fact that this form of test is made under static conditions imposes limitations
. not encountered in the second form of test made under dynamic conditions.
The dynamic mutual-conductance test illustrated in Fig. 42 gives a fundamental circuit
with a tetrode under test. This method is superior to the static mutual-conductance test in
that a-c voltage is applied to the grid. Thus, the tube is tested under conditions which

fig. 41

Fig. 42

approximate actual operating conditions. The alternating component of the plate current
is read by means of an a~c ammeter of the dynamometer type. The mutual conductance of
the tube is equal to the a-c plate current divided by the input-signal voltage. If a one-volt
RMS signal is applied to the grid, the plate-current-meter redding in millidmperes multiplied
by one thousand is the value of mutual conductance in micromhos.
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The power output test probably gives the best correlation between test results and
actual operating performance of a tube. In the case of voltage amplifiers, the power
output is indicative of the amplification and output voltages obtainable from the tube.
In the case of power output tubes the performance of the tube is closely checked.
Consequently, although more complicated to set up, the power output test will give
closer correlation with actual performance than any other single test.
Fig. 43 shows the fundamental circuit of a power output test for Class A operation
of tubes. The diagram illustrates the method for a pentode. The a-c output voltage developed across the plate-load impedance (l) is indicated by the current meter. The
current meter is isolated as far as the d-c plate current is concerned by the condenser (C).
The power output can be calculated from the current reading and known load resistance.
In this way, it is possible to determine the operating condition of the tube quite accurately.
Fig. 44 shows the fundamental circuit of a power output test for Class B operation
of tubes. With a-c voltage applied to the grid of the tube, the current in the plate circuit
is read on a d-c milliammeter. The power output of the tube is approximately equal to:
(0..c current in amperts) 2

Power Output (w•tts)

X Load resistance in ohms

=--------------0.405

Fig. 43

Fis. 44

ESSENTIAL TUBE TESTER REQUIREMENTS
1. It is desirable that the tester provide for a short-circuit test to be made prior to
measurement of the tube's characteristics.
2. It is important that some means of controlling the voltages applied to the electrodes
of the tube be provided. If the tester is a-c operated, a line-voltage control will permit
of supplying proper electrode voltages.
3. It is essential that the rated voltage applied to the filament or heater be maintained
accurately.
4. It is suggested that the characteristics test follow one of the methods described.
The method selected and the quality of the parts used in the tester will depend upon the
requirements of the user.

TUBE TESTER LIMITATIONS
A tube testing device can only indicate the difference between a given tube's characteristics and those which are standard for that particular type. Since the operating
conditions imposed upon a tube of a given type may vary within wide limits, it is impossible for a tube testing device to evaluate tubes in terms of performance capab lities
for all applications. The tube tester, therefore, cannot be looked upon as a final authority
in determining whether or not a tube is always satisfactory. Actual operating test in
the equipment in which the tube is to be used will give the best possible indication of a
tube's worth. Nevertheless, the tube tester is a most helpful device for indicating the
serviceability of a tube.

[140]

RCA CUNNINGHAM RADIOTRON MANUAL

Circuit Section
The circuit didgrams given on the following pages have been carefully chosen, not
necessarily to illustrdte commercial practice, but rather to show many different uses of
radio tubes. All of the circuits are conservatively designed to give reliable and satisfactory performance. Although relatively few circuits are given, it is often practical to
use a portion of one circuit in combination with portions of other circuits to obtain a
design meeting the desired requirements. Tuned-circuit constdnts are omitted from the
receiver diagrams because inductance and condenser values are usually ·subject to the
individual requirements of the set builder. In addition, suitable, well-made tunedcircuit parts can Jenerally be purchased at very reasonable cost. Information on the
characteristics an the application features of each tube, given under each tube type,
will prove of assistance in understanding and utilizing the circuits.

©
SUPERHETERODYNE RECEIVER FOR A·C OPERATION

C<0.1 µf
c,;;;OSClLLATQR PAQOlNG CONDENSER
C2=GA.NGEO VAAlASLt CONDENSER
C3:::0.00045 JJ,f

c.i:::o.ooot

•

µt

C_s;;;O.OI }Jf
'1,=I µf, 31SO VOLTS
C7:;8 µf E'.:LE::CTROt;.YTIC ,500 VOLTS
Cg:::8 }Jf E'.LECTFK){..'fllC, 30 VOl.TS
C9=0,25 µf
~-:0.02 }.lf
R = 250000 OHMS, 0.1 WATT
R1; 300 OHMS,! WATT

:2::=-= f4~~r:~T~ATT

R4=25000 OHMS,l WATT
As =50()()00-0HM A-F VOLUME-CONTAOL
POTENTIOMETER
ffo=I MEC.OHM
R7::200 OHMSl 5 WATTS

Re=2SOOO OHMS, JO WATTS
R9=14000 OHMS, l WATT
L: 60-85 MJLLIHENRY R-r CHOK£
L1: 1000-0HM SPEAKER rlELD,110 VOt..TS
L2= 20-30 HENRY FILTER CHOKE, 600 OHMS
T1 : 175-K:C !-f" TRANSf"ORMER
T.2::PLATE-TO-PUSH-PULL-CRJD TRAN,SfORME:R
T3:0VTPUT TRANSFORMER FOR PUSH--PULL 2A~~S

T4:: POWER

TRANSf'OR~EA

•

,N¢tC: APP~OX,\o!ATE: POWER ou;rPuT Of' .2M STAG£, e.o WAtTS. 'h-1£ COt.lSTAN1'S or TH£ THAEE R-F' TRANsroAMEAS lA Ts ANO T Wlll.

DEPEND U~ iHE fAEQVENCY RANGE AND GtNtRAL 1.A'fOVT Of "tH( S[T,

I
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®

SUPERHETERODYNE AUTOMOBILE RECEIVER
WITH DELAYED A.V.C.

-A,·8,GROUND

C1.C2,C:3::: GANGED VARIABLE CONDENSERS
C4,Ca,C1;.C22,C27 =0,05 j.Jf; mo v.

C5,C91C24,C32 = O.t JJ.f
Cs,C1,C10,Cu,C1s.C.e,C19,C2s,C29=•.IJJ.f1 250V.
C12.: OSCILLATOR TRACKING CONDENSER
C1.1,C14;;;;; TRIMMER CONDENSERS

c,5 ;0,0002; µ.r
czo; 0.0004; JJ.f

C21,C2a• 0.0001 )J.f
C23.;;;8JJ,f, 250V,
Cz5 =8,U.f, LON VOLTAGE
C30:::-25µ.f ELECTROLYTIC~2sv.
C31 .: 0,02

j.Jf, 350 V.

Ri,R4,Re,R1s =2500()0 OHMS, ').j WATT
R2,R9 = 300 OHMS, Q.I WATT
R3,Rp= 40000 OHMS, 0.5 W>TT
R5 = 200 0HMS1 Q.I WATT
R6 !;, 25.000 OHMS, O,! WA.'r'T
R7 ~ 50000 OH!<.tS1 0,5WATT
Ru= 100000 OHMS,O.j WATT
. "12" 500000-0HM POTENl"IOIAETER,

A-F VOLUME CONTRC:L
R13,R15,R19 =0,5 MEOOHM1 0,1 WATT
R14,R17; I ~ECOHM, 0,1 WATT

R16::: 3.500 OHMS, O.! V#>.TT

R20= 600 OHMS, 0,5 WATT
R21::. !0000 OHMS, 1 WATT
L1,Lz,L3.::60-MlLL!rlENRY R-f CHOKES
Tb T2-;; I7~C. r-r TRANSr'ORMERS
T3:0UTPUT TRANSFORMER F'OR
A SINGLE 4!

®
NON-RADIATING REGENERATIVE SHORT-WAVE RECEIVER•
2.5 -VOLT A-C TYPES
R - F AMPLtF'lER
TYPE 58

C1,Cc=35)..lµf MJDCET TYPE
C3~=:lOO,l1).lf MIDGET TYPE
C5,C6,C7=0.01 µf MICA TYPE
Ce=Q._1 µ.f
Cg,C.,o=0.00025 JJf MICA TYPE
C,1""1 ).lf1 200V.
c 12 =8-25)1f ELECTROLYTIC, 25V.
R1 =300 OHMS,1WATT

Rz=10000-0HM WIRE-\VOl.JND
·, POTENTIOMETER
R3=100000 OHMS,1 WATT
f¼=75000 OHMS,1 WATT
R5e1 2-5 MEGOHMS,0.1 WATT
P£=250000 OHMS,1WATT
R7 =1 MEGOHM,O.l WATT
Re,=2500 OHMS,1WATT

* !F A~B~-BA.TTERY

R9 =15000 OHMS,SWATTS
R10=50000 ~OHM POTENTIOMETER.
REGENERATION CONTROL
A.11~sooo OHMS,1 WATT
L1 =8-MlLLIHENRY R-F" CHOKE
L2=300-500HENRY. A-f C.HOKE
J =HEADPHONE JA.CK
S1 ~s,P.S.T, SWITCH

SUffi_Y tS VSED !NSTSAD OF' A PO/vER A!).CK, Tl-IE LEFT END OF POTEN1I0ME"'7'ER R10 SHOULD &
CONNECTED T0+4SV.09.+61.5V, AND Rg A'-D Rn SH:XJLD BE Olv!ITTED, A ~e·-suPPLY AS.LON AS 135V.CAN BE
USEO, WITH M!t-K:fl ClRCVIT CH/>-.NGES.
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BATTERY-OPERATED SUPERHETERODYNE
2.0-VOLT TYPES

...

~~;;=o~g~1ce:sf VARIABLE: C~OCNSEP.$
g,,~~f~ I6 ,~21 ,~23~0.o~
µ21 01 µf
5
·r~lc~fNc

c~()::8sbfLL~0~
t~NDtNSER
C11,C12=TRtMME.R CONDENSERS'
C2o=0,00045 µf
:
Caz=0.0001 µf
:
't24, Cz~=0.003 ).Jf
!
l

R1.R15, 11~100000 OHMS.a., WArT
NOTE'.

t-

~t~~~~~~~O~~?~.lw;}T\
R4,R9,R12,R13,RL4,R1e=o.s

~:i~o~MMi;L~~:~;TR(SfSTOR

~fWtt~' t~·:.1~.!11-:~Nii \i'j._i5~&ttff~

R5=SOOOO OHMS,0.1 WATT
R6:::20000 OHMS,0.5 WATT
R7, R19:::3500() OHMS,0.5 WATT
Ris=O.S-MEGOHM POTENTIOMETER,

T4=CLASS a OUTPUT TRANSFORMER
"~
FOR TY~E 19
A ::fOUR Ne6 DRY CELLS~
IN SERIES-PARALLEL

A-f" VOLUME CONTROL,

''£:}::THREE HEAVY~DUTY 4S-V. B-BAJTERIE$

~~~~

g~;;:tg:~ ::i~

.

·~· ~1~~:f.r~~~!~~~

1

A SlNGLE 2.0-YpL'T CELL OF A LEAD STORAGE BATTERY 15 USED FOR THE A-BATTERY, R23 ts OMtTTED
DATA UNDER !INSTALLATION ON TYP(. 30 FOR AOOITJONAL INFORMATION ON FILAMENT SUPPLIES.

®

E1ATTERY-OPERATED SHORT-WAVE RECEIVER
2.0 - VOLT TYPES

'\

\"

ANTI:,_
SYSTE~

----..L

II~

:J ~~M
-22.5 V.

;/ ___ s'-···-···;J

+67.S v.

chc.2 = 100 µµf MIDGET TYPE
C31C4 :-: 35 JJJJ.f MIDGET TYPE
C5,C61C7,C11 = 0,05 µf
cs,c10 = 0.0002s µ r
Cg= I µf\ 100 V.
~I;;: 8000 0HM5, 0.1 WATT

•A

-B.+C,+A

= 50000-0HM

POTENTIOMETER,
R-F VOLUME CONTROL
R3 = 2-5 MEGOHMS, 0,1 WATT
R4 = FILAMENT RHEOSTAT
Rs; 50000-0HM POTENTIOMETER,
REGENERATION CONTROL

Rz

R6 =250000 OHMS, 0,1 WATT

r 143 J

+4SV.

+!3SV.

R7= 5000XI-OHr-.4 POTENTIOMETER,
A-I" '.o....UM( CONTROL

LhL2,L3:::: 8-MILLIHE:NRY R-F CHOKE
L4=300-500 HENRY CHOKE
TI =OUTPUT TRANSFORMER roR
A StNCLE 33

S1: D.P.S.T, BATTERY SWITCH

RCA CUNNINGHAM MDIOTRON MANUAL

@
A-C AND D-C SUPERHETERODYNE RECEIVER

C
C1
C2_=
.c3=
·C4

R 5= 12 500 OHMS 1 -t WATTR5= 250000 OHMS, 1 WATT

GANGED TUNING CONDENSER

= 0.002.JJf
O.t J.lf

R7= :a.>000 OHMS, 0.1 WATT

OSClLLATOR MOOING CON~NSER

Re= 625 OHMS, 2 WATTS
R9= 20000-0HM 8LEEOER, 1 WATT
R10= 150 OHMS, 25 WATTS

= ~O J.lf

Cs=- O,ooo.?5 J.H

~~~

~=~~
s', 01~~~
= 60-MILUHENRY R-f CHOKE
5

~~~i1l/,1~v.

0

Ca= 1 JJ.f
R i:::: soooo-~;~~:~~NTROL

L
L1

Rz:= 150 OHMS. 1 WATT
R3m 10000 OHMS, 0.5 WATT
R4- 430 OHMS, 1 WATT

T2= CXJTPUT TRANSFORMER f"OR SI.NGLE43

2000-0HM SPEAKER FIELD, tOOV.

1
\t~
1~iii:.;_~;A~A~E6 :t'~~CAL,
T1,= 465-KC 1-F TRANSFORMER

NOTE! THE MECl'-tANIC:AL LAYOUT CF THE SET WILL DETERMINE TO A LARG£ EXTENT THE MINlMIJM SIZE OF FILTER CHOKE
NECESSARY TO KEEP HUM AT A SATISFACTORY LEVEL.

NON - RADIATING REGENERATIVE

SHORT - WAVE RECEIVER

6.3-VOLT HEATER TYPES

Ht1.fb~5 t
"": ~
a~ 6,:..6.3V.:.:-..6
..

+e1'2v.

A.C. OR O.C.

+135V.

C v 30 JJ.J.(f TRIMMER
R3=-1sooo OHMS,O.t WATT
Ct= 0,01 - 0.1 _µ.f
R4 • 150 OHM:5 1 0,1 WATT
~,C4 = 0,00025 )J. f
C3=I }lf
Cs= 0 .. 1 JJ.f
_
A:o:!11. 2000 OHMS,0.1 WATT
~ • 8 jJ:f, 1S V.
P7• 50000 OHMS t 1 WATT
R a 2-S t,,fEGOHMS
~ • 20000 OHM5~ TAPERED; R'"'F' VOUJME CONTROL
R11:1t 250000 OHMS, 1 WATT
L. • 10- 50 MILUHENR'( R-F CHOKE
R2-1 MEGOHM t p,t WATT
X
~OQ ~500 HENRY. A-F' CHOKE: 1 2:MA,
NOTE: TYPES 56,57,AND 56 MAY BE VSED IN THIS CIRCI.J!T IN PLACE'. OF THE 76,8C6,AN0 606 RESPECT!VELY,PAOVIOCO
THCY ARE OPERATED AT THEIR RECOMMENDED HEATER, SCREEN, PLATE AND GRtD BIAS VOLTAGES.

Rs= 50 ooo-~te:tfE0ll-N6WM!J~~'RoL

=
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TUNED

RADIO - FREQUENCY RECEIVER
2-VOLT FILAMENT TYPES

c

1 • 0.1 JJ:f, aoo
C 2 = 0.00025 ;H
R1

;=r

v.

RHEOSTAT

'(---!(.,x

R2 = soooo-~~¥E~:OVJ'lrE~oNrROL
L

X

= 60•MIL.LIHENRY
tr.::

NOTE: !HE
1

b

R-F CHOKE

o.P.S~T- SWITCH

A+

A-

~'h~s~,,t'~~ SJrU~J6iEOHA&~TASLE

J1-----J57~5VOLTS----'i
Be+

TAPS TO GIVE THE VOLTAGES INO!CATED 1 CAN HAVE

®
OPTIONAL D.ETECTOR AND AMPLIFIER FOR ABOVE CIRCUIT
POWER AMPLIFIER

c,-c2-1 JJ-f', 200v.
C3 =0-00025 JJ.f
C4 =OJ J.(f, 300V.

,,. n

Rt =100000 OHMS, 1 WATT
Rz =20000 OHMS, 1 WATT
R3 =o.5 MEGOHM
L11Lz
60-M!LLIHENRY R-F' CHOKE
Tt = OUTPUT TRANSFORMER

=

70 RHEO- +67.SV.
STAT

[ 145 J

+1asv.

"TO BLEEDER
-t3.5V.

ll~-

RCA

0.JNNINGHAM RADIOTRON MANUAL

-·--·---·--------------------------------

@)
TUNED R-F RECEIVER WITH AY.C. AND CLASS AB 45'S-OUTPUT 12WATTS

\
i1 ::

c,.c2,C3,C4 =GANCED TUNING CONOENS£RS
Cs TO C15::::. O.t JJ.f

Rio, R
o.s MEGOHM, 0.1 WATT
R11 = 1NIEGOHM, 0.1 WATT

R23 =100-0HM WIR.E-WCUND POTENTIOMET(R
FOR PlATt CURRtNT ADJUSTMENT Of 4S'S

C17, C21:: 0,0001 J.J.f
CIa,,C20,C22:: 0.05 JJ.f
C19,C24 = 8 JJf ELECTROLYTIC, 25V,
Cz3::0.03JJf
C25 = 16 JJf ELECTROLVT!C 1 4501/.
C26 8 ,Llf ELECTROLYTIC, 350 V,
C21 = 8 ,Uf ELECTROLYT,Ci 150 V,
C2a = 0.0005 JJf
R,.R4,R7,R13,q14= 100000 OHMS, 0.J WATT
tQ,R5,Re= 300 OHMS,0.1 WATT
R3,R6,R9=20000 OHM.$,0.SWATT

tt12:: 50COOO-OHM POTEN'f!OMETER,
A-F VOLUME CONTROL
R15,R21= 50000 OHMS, 0.1 WATT
R15:: 50000 OhMS,O.SWATT
R1e = 2700 OHMS, Q.! WATT
~!9 = 20000-0HM \AruA8LE RESlSTOR,
TON£ CONTROL
R20= 150000 OHMS, O,! WATT
R22= 25000-0HM, 25-WATT
BLEEOCR, TAPPED 6900 OHIJS
FROM +254V.

L1,L2,L3,L4;60-M1LUH£NRY R-f CHOKES
LS= 20-30 HENRY, 465-0HM F1LTER
CHOKE, 120 MA, (SEE NOTE)
L6=30-HENRY~ 450-0HM FILTER
CHOKE, !20 MA.
L 7:: 30-HENRY, 200-0HM FILTER
CHOKE, 3 MA.
T1
SPC:CIAL INPUT TRANSFOR!viER
T2 = SPECIAL OUTPUT TRANSFORMER,
PlATE-10-A-ATE LOAD 5000 OHMS
POWER TRANSFORMER

r-orc·

~r~t'ti ~JJP~~o ~?c~~

~~~N?oHt~;'.fr·~~
1

g;g 4.•~-~-•'!'::r,,.J.,_,;!u.u,_,

~;~

BE USED. THE RSS:STANCE

or

~'LTC.R

@
SCREEN GRID A-F AMPLIFIER
vo~TAGE AMPUF'.CATION =100·:t<

.PEAK VO~TAGE OUTPUT =60-70 v."

TYP2 57 OR 6C6

1'.

Ct= 0,1

µf l...OW

VOLTAGE

C3

= 2,u+, 350

V.

~f: 1~~00-0HM
POTENTIOM~'iER,1·:,..Uv~~tcoNTqoL
100000 OHMS, 0,1 WATT

:,~3'f1'

~

R3
R4

'-+-11---.r-r

= 3500

OHMS, O,l WATT
OHMS, O.i WATT
50000 OHMS.O,l WATT
~~BtESlSTOR FOR FOLLOWING

= 250000

Rs=
%=

~ElF~t~~D

R7
T1

0.5 MEC.OHM, O.l WATT
MICROPHONE· TO-GR 1D TRANSFORMt·:R

NOT
WIL~

+275

v.

1'J~~1,.__,

7.,~ ft fkH::.#: ~
-~J
/ ~ , --,,yzd -f - ~~~.
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@
AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINE
CLASS A

POWER OUTPUT, 4 WATTS
TYPE 48

TYPE 6C6 OR 77

C7

.CHAS!;l5
C1::: 2 JJ,f,LOW VOLTAGE
c2=0.01µf
C3-&µf,LOW l<JLTAGC
C4::::0,03 JJ,f
C5,_C7:;; 2 JJfi 150V.
C5= 4.lJ.f, 150V.

Rt:: 500000-0HM POTENTIOMETER\

A-f \>'OLUME CONTROL
R2:::8SOO OHMS~O.! WATT
R3= !00000 OHMS, Q.! WATT
R4:;:; l VEGOHM~ O.! WATT

R5= 1500 OHMS, •~I WATT
R6= 12S OHMS, 2 WATTS
R7= 160 OHMS. 5 WATTS

R-':: 105 OHMS, 25WATTS
Rg= 7000 OHMS, I WATT
L1 = FILTER CHOKE 1 IOHENRIES AT !25MA,)
60 OHMS
L2= SPEAKER FIELD1 IIOYOLTS D,C,
T1::: INPUT-TO-GRID TRANSr"ORMEJ'.'{
T2-;;; PLATE-10-PUSH-PULL-GRID TRANSFORMER,
RATIO PR!. TO ½z SEC.:::.. 1~1
T::,:;;. OUTPUT TRANSFORMER FOR
PUSH- PULL 4B'S

@
HIGH - GAIN RESISTANCE

COUPLED A - F AMPLIFIER

OVERALL VOLTAGE AMPLIFlCATION=2100*

PEAK VOLTAGE OUTPUT=70V.•*

B+

BC1.C,,,C5 = 0.2,

J.l f, LOW VOt:rAGE
= 0.2'5 J.l f, 350 V
~ a.OS J.lf

~.C,i
C,,,C7
Ce, :;: 10 JJ,f ELECTRCt..YTIC:,3SOV.
R
BLEEDER RESISTORS*

• OF THE 1'il TR!
• .1,~y TUBE TV
• THE RESISTOR

o:::i.A~N .FF(;I.A

R110 R5= 50000 OHMS, 1 WATT
fie
2!:<JOOQ-OHM A-F VOWMEaJNTROL POTENTIOM!:TER
R7
i MEGOHM, 0.1 WATT

R()
T1

Rs,Rg

E1·

=

rs
1~N~~1k

= 250000 OiMS, 1 WATT

l;>

= ~0000 OHMS, Q.I WATT
= INP'JT CO'JPUI\IG TR,A.NSFORMER
OUTPUT TRANSFORMER FDA

=

THE TU8E TYPE USED
GRlD-BIAS VOLTAGE FOR
CXJTPUT TUBE USED

NE,;u;.:BLE DISTORTION.
§fc5fo~AilC ~di'~r 0~ t~fL,g¥2tvJJ~~~0R~lNr

ONLY.
••w1TH
1
3
0
;
~~~- s1~~
V,'[A. &JCOL'f,
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TYPICAL CLASS B AUDIO - FREQUENCY AMPLIFIER
OUTPUT 20 WATTS

C1

= 0~1 µ<

C2 == 10 ).l:f, 50V.
C3,C4= 0.06 )J:f'
C5=16J.l-f,500V.
Cs= 8JJ.f,350V.
R1

= ~so~WA.f~Ms,

R2 - 1100 OHMS,, 2 WATTS
R3,f¼
3500 OHMS, 1 WATT
R5
2000 OHMS, 10 WATTS
L1 =15HENRrESAT 100MA.;0::-C
RESISTANCE 80<::)r;MS OR LESS
Lz - 1soo~OHM sPEJi..KER FIELD, 120 v.

=

=

NOTE: SPEAKERS ESPECIALLY

DESIGNED FOR HIGH

POWER ARE RECOMMENDED,
THOSE GfVS,'N ABOVE.

CIRCUlT CONSTANTS $1-l()L;U) CLOSEI..Y AflPROXlMATE

@
PHASE INVERTER AND DRIVER FOR PUSH - PULL
RESISTANCE COUPLED OUTPUT TUBES
VOLTAGE AMPLIFCATION = 46 •
PEAK VOLTAGE OUTPUT~ 70V. •

Ci
4 ).lf, LOW VOLTAGE
Q.C,:;=0.1 /H, ,ooo V,
0,5 )Jf, LJ)W VOLTAGE
R1
:?,,00 OHMS, 0.1 WATT
R2,'I:\ = 250 000 OHMS, 0.5 WATT

C..

=
=

•

14:

500000 OHMS, 0,1 Wl>.TT
RS::. 500000-0HM PHASING POTENTIOMETER
Fl£ ; BIAS RESISTOR FOR PUSH - PULL
OUTPUT TUBES
OUTPUT TRANSFORMER
T,

ll- OF TYPE 79 ONLY • •wnH NEGLKilBLE D:SlCRTION
• ANY TUe£ TY~ REQUIR.'l'-G 70V. B'AS OR LESS CAN BE DRIVEN TO FULL OUTPUT (CLASS A}
NOTE~ A 5~ ,VP:/ BE USED IN THIS c.~cun !N PLOCE OF THE 79. IN WHICH CA SE THE \tQ..T~E
AI..APLlFl(.A7:0i,t IS P..7 AND THE PEAK \O..T..-CE OOTPUT IS 81 VOLTS.
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@
CLASS A AUDIO-FREQUENCY AMPLIFIER
OUTPUT 12 WATTS

=

= 0.5 J.1-f'

R1 ==
Ra=
R3
R4

: f /:1.'.4:J;v~•

=~ = r~

C1
c2=
C.3
C4
Cs=

0.1 J.,J.f
SJlT,2sv.

= 2 )..lf'~ 350V~

~~

ZSJ,lf,75V~

0.5- 1 MEGOHM.
2200 OHMS~1WATT

= IOO-OHM -POTENTIOMETER

Rs=

5000 OHMS,IWATT
&>0000HMS~1WATT

O~~.!s

:~ow;r~s

Lt= FILTER CHCKE.~ 12 HENRfES AT 175 MA.,60 OHMS
L2= F!LTERCHOKE;30HENRIESAT 95 MA.,515 aiMS
L3
sPEAKE.R FJELD: 2500 OHMS, 12.5 v.
T1
PLATE·TO·PUSl-l-PULL-GRID lNPUT TRANSFORMER
T2=1)uTPUT TRANSFORMER

=
=

T3

= w~A"fi~~~:'TE'/,~~"/gsGOOD VOLTAGE-

NOTE. A 5!'£AKER SPECIALLY DESGNED FOR HIGH ro#ER IS RECOMMENDED.

ORCU:'7 CON$1AN:'S SHCM..JLD CLOSELY APfiROXIMAiE TI-OSE GWEN ABOVE.

@
DOUBLE - BUTTON MICROPHONE PRE -AMPLIFIER
VOLTAGE AMPLIFICATION= 200*

ii1r=F
le:~
v

+27SV,

Jlf, LON VOLTAGE

Rs,R11 •50000 OHMS,O.,SWATT
R51R,o = 10000 OHMS,O,l WATT
R7 • 0,5 MEGOHM,OJ WATT
L1.;Lz,L3a&-MILUHENRY R-F CHOKE
qa 0.1 µ.f, 350V.
T1 • MICROPHONE INPUT TRANSFORMER
c 6 = t).lf, :ioov.
T2 .,. OUTPUT COVPLING TRANSF~MER
R1 • 200~0HM WIRE-WO'JND POTENTIOMETER
JhJ2
SINGLE-Cl.OSED-CIRCUIT JACK
Rz • 250000-0HM VOLUME-CONTROL POTENTIOMETER
s 1 • S.P.S, T. SWITCH
R3,R5
250000 OHMS • 0.1 WATT
A
6-12. V. MICFIOPHONE BAT'rERY
~.!¼ = 2200 OHMS,O.I WATT
M
DClUBLE - SUTTON MICROPHONE
<I> TUBES ONLY; OOES NOT INCLUDE TRANSFOOMER GAIN.

Ct , C2 • 0.01

C3,~ • O.l Jlf, LOW VOLTAGE
C4,C7 • 2 )J:f, 350V.

=

=

=

=
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mm•

"-' SCREEN SUPPLY
m
GRID BIAS

'""''
(Volts)

(Volts)
"' CATHODE RESISTOR
(Ohms)
5- PLATE RESISTOR (Megohm)
._, :.RID RESISTOR•
(Megohm)
'-" PLATE CURRENT (Milliamp.)
VOLT OUTPUT .. (Pea.k Volts)
VOLTAGE AMPLIF !CAT ION

f"' '" " ' "')
f"' '" " '"'")

g;J SCREEN SUPPLY

(Vol ts)
.-, GRID BIAS
(Volts)
"' CATHODE RESISTOR
(Ohms)
5- PLATE RESISTOR (Megohm)
a, GR!D RESISTOR•
(Megohm)
~ PLATE CURRENT (Milliamp.)
VOLT.OUTPUT"(Peak Volto)
VOLTAGE AMPLIF !CAT ION

'-" SCREEN SUPPLY
(Vol ts)
o, GRID BIAS
(Vol ts)
~ g: CATHODE RESISTOR
(Ohms)
O c- PLATE RESISTOR
/Megohm)
co GRID RESISTOR•
Me,rohm)
"' PLATE CURRENT .(Milliamp.)
VOLT.OUTPUT,.(Peak Volto)
VOLTAGE AMPLIFICATION

ff

.r

LATE SUPPLY"'
o, SCREEN SUPPLY
:-" GRID BIAS
'::l CATHODE RESISTOR

15.

uu .,,,,,~

(Vol ts)
(Vol ts)
(Vol ts)
(Ohm•)

,~ .... ,

GRID RESISTOR•
(Megohm)
~ PLATE CURRENT (Milliamp.)
Cl> VOLT.OUTPUT"(Peak Volts)
VOLTAGE AMPLIFICATION

·1.05
10500
0,25
0.25
0.10
ll·Hl
30

-1.05
15400
0.50
0,25
0.07
10-14
29

·1.10
11550
0.25
0,50
0.09
15:...19
36

·1.05
15000
0.50
0.50
0.07
14·19
37

------------l.00--------20
20
20
20
-2.00 ·2.50 -2 .15 -2.60
5550 12200
9350 19250
0.25
0.60
0.25
0.50
0,25
0,25
0.50
0.50
0,15
0,27
0.13
0.23
28-30 25-27 36-38 32·33
36
47
46
35

-4.75

-3.75

16800
0,25
0.25
0.28
24-26
6.1

25800
0.50
0,25
0,14
17·22
6,0

---180

------------ 135---·---------

---------.0
-

0
-5.00
21200
0.25
0.50
0.23
27-~9
6,6

-----------.,10()..
20
20
20
-1.10 ·1.25 ·1.05
3400
3760
6450
0.25
0.50
0.25
0,50
0.25
0.25
0.23
0.22
0.14
15-23 17-22 16-29
39
54
40

-1,05
6200
0.25
0,25
0.17
17-23
42

-1 10
9150
0.50
0 25
0.12
17·21
38

--------------20
-t.80
3800
0.25
0.25
0.35
38--40
36

-2

8300,
0.60
0.25
0.20
32-35
38

-

-1 .05
5850
0.25
0,50
0.18
20-30
50

-1 10
10000
0,$0
0,50
0.11
18-27
48

zo

20
-2.40
10900
0.50
0.50
0.16

-t.96
4850
0.25
0.50
0.30
48-50
~3"

42-44
56

-5.50

-------------435-----------

46000
0.50
0.50
0, 12
26-27
6.2

21200
0.25
0.25
0.32
34-36
6. 1

20

-1.25
7250
0.50
0.50
0.13
18-28
53

-6.80

-4.75
24300
0.50
0.25
0.19
27-30
6.1

-1 .25

4900
0.25
0.25
0.25
26-33
48

-

-1.20
7100
0.50
0.25
0.17
24-30
46

-

-1 .30
5450
0.25
0.50
0.24
32·40
56

----------- --180 ------------25
25
25
25
-2 10 -2.60 -2. 10 -2.60
3700
7600
3500
7300
o·.25
0.50
0.25
0.58
0.25
0.25
0.50
0.50
0,43
0.26
0.26
0.45
50--53 45·48 65-68 64-66
70
50
63
53
180-

-7.00

-7.00

-7.50

22000
0.25
0.50
0.31
38·42
6.5

42600
0.50
0.50
0,16
36-40
6.3

16300
0.25
0.25
0,46
38-40
6.4

-7,00
28000
0.50
0.25
0,25
36-38
6.4

-1
2180
0,25
0.25
0.43
31·43
76

-180
30
30
-1.50 -1 .30
4550
2600
0,25
0,50
0,50
0.25
0.38
0.25
36-41 36-52
92
65

----------- 136
2/J
25
25
-1.20 -1 .35 -1 .25
3750
3100
5600
0,25
0.25
0.50
0.25
0.50
0.25
0.25
0.29
0.18
21·32 27-31 29-37
61
54
52

25
-1.40
6300
0,50
0,50
0.17
34-38
62

-

·1.30
9000
0.50
0.50
0.14
30-38
55

-7,00
14900
0.25
0,50
0.47
40-44
6.7

-7.50
31200
0.50
0.50
0.24
40-45
6,5

--------------250--------------

-

-

-1.30
3170
0.25
0.25
0.41
33-38
51

-1 .30
5200
0.50
0.25
0.25
28-35
48

50

50
-5.0
11400
0.60
0.25
0.35
55-60
55

-

-1.35
3380
0,25
0.50
0,40
36-46
59

-1.35
5600
0.50
0.50
0.24
35-44
58

m

>

-I

z
G)

250

-4,5

6500
0.25
0.25
0.65
55-65
54

-11

-10

17600
.0.25
0.25
0.63
55-60
6.4

28500
0.60
0,25
0.35
45-55
6.3

50
-4,5
6600
0.25
0.60
0,65
65-70
65
50

50
-5.0
11400
0,50
0.50
0,35
65-75
75

-14

-12

25200
0.25
0,50
0.55
65-75
6,7

38600
0,60
0,50
0,32
65-70
6,6

52
-2
3100
0.25
0.25
0.52
50-60
80

54

-2.2

5700
0.50
0,25
0.31
50-55
75

50
-2.1
3500
0,25
0.50
0.48
60--70
100

52
-2.3
6200
0.50
0.50
0,30
60-70
110

wvoltai,!:e at plate will be PLATE SUPPLY voltaie minus voltage drop in plate resistor caused by pla.te current.
• For the followini amplifier tube. The tabulated values illustrate desi~n practice. For any particular set o! conditions, howeverJ the ~rid
resistor for the following amplifier tube should conform to the recommendations given on the DATA pa.,.{e of the type involved .
Value to left is maximum und is...,Developed across plate resistor of inter-sta~e couplini circuit includinp[ grid resistor of following tube.
torted output voltage obtainable-: va.lue to right is maxi.lllum output voltage obtainable with so.Ille distortion.
Note: In the above data, the use of a couplin~ condenser between.. the plate resistor and the irid resistor of the followin~ tube is assumed. A O~l microfarad condenser is usually adequate to insure ~oog. low-freQuency .response.
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Outline Dimensions of RCA Cunningham Radiotrons
This chart of tube dimensions is to be used in conjunction with the text. The bulb
reference number for edch tube is given under its CHARACTERISTICS.
The prefix letters ol the bulb desisn•tion indicote the bulb shape, as S for "stroight side," T for "tubulor,"
ST for• combinotion of tubulor and straight side, or "dom• type," The suffix numbers of the bulb designations
indicote the nominol m••imum diometerof the bulb ln eighths of inches, i.e., the di•m•t•rof the S,12 i< 12 eighths,
or 1,½".
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12
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15
16
9
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push-pull ...............••..........
12
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.. 9
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considerations ..
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Duplex Diode:
pentode ................... .
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1
25

current. ............................. 26
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indirectly-heated...... .. . . . . . . .. . . . . . . . 1
resistor........... . .. • . .. . . . . .. . .. . .. 26
Center-Tap Resistor ....................... 26

8

7

plate resistdnce. . . . . . . . . . . . . . . . . . . . . . .
static ..•.......... ,...................

7

Choke .................................. 28
Choke-Input Filter ................ , ....... 28
Circuit Diogram:
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duplex-diode pentode .................. 45
duplex-diode triode ....... , ............ 131
emission test ....•.............. ,, .. , .. 138
full-wove rectifier ................... 18, 123
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pent•srid converter ••..•.•••......... 33, 50
phase inverter ................... , ..... 148
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power output test ...................... 140
short-circuit test. ...................... 138
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tuned r-f receiver .................. 145, 146
voltage-doubler rectifier ................. 18
Condenser-Input filter •....•...• , .....•• , . , 28
Conversion Curve, Use of •.•.• , .•.....•.. , , 15
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8

Cross-Modulation.... • • • . . . . . . . . . .. . . . . . . • 11

18
21
19

20
21

3

1

considerdtions •...........
secondary . ........... , ..
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current .... ............. .
secondary . ............. .

5
. ....

3
5

test .... , .... , ............ •••

..... 138

Feed-B•ck. .................... .
fil•ment (see Heoter and C•thode):

22

operation....... .
. ..
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resistor, value of ......... .
series operdtion . .......... .

24
........ 24
.24, 25
25
24

supply vol to se ......... .
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choke-input.... . . . . . . . . . . .
28
condenser-input.. . . . . . . . . . .
28
r•dio-frequency. .. .. . . . . . . . . .. . . . . . . . 27
resistor .......... ,.........
28
formulas (see Ca!cul•tion)
22
frequency Conversion. . . . . ... .
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G•in .............................. .
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dnode., ... ..... , , ..... , .. • • •
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7

7
7
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7
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ch•rt. , ................. , .. see folded insert
dynamic..............................
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8
3

4

6
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triode ........ , .. .
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conversion trdnsconductdnce ...... ,......

.
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...... 19, 21
.. 19, 21
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7

Curves .......................... 15
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Carrier Wave.........................
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...... 19,
diode ..... .
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.19,
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8
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20
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26
diode •...................
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. .... 26
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. .... 151
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5
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cathode connection. . • .. . . . . .. .. . . .
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16
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1
25
25
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lino ..................................
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8
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6
6
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READING LIST
The following list of radio references gives texts of both elementary
and advanced character. Obviously, the list is not inclusive, but it will
guide the reader to other references.
CHAFFEE, E. L. Theory
Book Co., Inc.

of Thermionic Vacuum Tubes.

Radio Telegraphy and Telephony.

DuNCAN AND DREW.
Sons, Inc.

McGraw-Hill
John Wiley and

HENNEY, KEITH.

Principles of Radio. John Wiley and Sons, Inc.

HENNEY, KEITH.
Inc.

Radio Engineering Handbook. McGraw-Hill Book Co
Radio Engineering Principles.

LAUER AND BROWN.
Co., Inc.

MclLWAIN AND BRAINERD.
Wiley and Sons, Inc.

1

McGraw-Hill Book

High-Frequency Alternating Currents.

John

MoRECROFT, J. H.
and Sons, Inc.

Electron Tubes and Their Applications. John Wiley

MoRECROFT, J. H.
Sons, Inc.

Principles of Radio Communication. John Wiley and
Radio Handbook.

MOYER AND WosTREL.

Radio Receiving Tubes. McGraw-Hill Book Co.,

MoYER AND WosTREL.
Inc.
PETERS, Lm J.
Co., Inc.

McGraw-Hill Book Co., Inc.

Thermionic Vacuum Tube Circuits.

McGraw-Hill Book

Proceedings of The Institute of Radio Engineers (a monthly publication.)
TERMAN, FREDERICK

E.

Radio Engineering.

McGraw-Hill Book Co., Inc.

The Radio Amateurs Handbook. American Radio Relay League.
UNDERHILL,
ii,

C. R. Electrons at Work.

VAN Drn BuL, H.
Co., Inc.

J.

ZWORYKIN AND WILSON.
and Sons, Inc.

McGraw-Hill Book Co., Inc.

Thermionic Vacuum Tubes.

McGraw-Hill Book

Photocells and Their Application.
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To the Radio Amateur
The RCA R1diotron Division
offers 1n extensive line of RCA
deforest trensmittin9 tubes for
1m1teur end experimental use

Technic1I

inform1tion on these

types m1y be obtained from

·. AMATEUR RADIO SECTION

RCA RADIOTRON DIVISION

RCA MANUFACTURING COMPANY, INC.

.

J

!

CAMDEN, NEW JERSEY

R1dio 1m1teurs ere invited to
communic1te with this section,
which is devoted solely to

their rnterests
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