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Goreword

]

The RCA CunningHAM RabiotRoN Manual, like its pre-
ceding 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 valusble by radio service men,
radio technicians, experimenters, radio amateurs, and by all

others technically interested in radio tubes.

Commercial Engineering Section

RCA RADIOTRON DIVISION
RCA MANUFACTURING COMPANY, INC.

Harrison, New Jersey
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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 a certainty that are
astounding. It is an exceedingly sensitive and accurate instrument—the product of
coordinated efforts of engineers and craftsmen. lts construction requires materials from
every comer of the earth. lts use is world-wide. lts future ibilities, 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 assumed to be
composed of atoms. According to a present accepted theory, atoms have a nucleus which
is a positive charge of electricity. Around this nucleus revolve tiny charges of negative
electricity known as electrons. Scientists have estimated that these invisible bits of
electricity weigh only 1/46 billion, billion, billion, billionths of an ounce, since they
may travel at speeds of thousands of miles per second.

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

CATHODES

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

A HRlament, or directly heated cathode, may be further classified by identifying the
filament or electron-emitting material. The materials in regular use are tungsten, thorlated-
tungsten, and metals which have been coated with alkaline-earth oxides. Tungsten
flaments are made from the pure metal. Since they must operate at high temperatures (a
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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 THODE
INSULATED | 21 INSULATED
HEATER HEATER

D!RECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
(FILAMENT TYPE) (HEATER TYPE)

Filament-cathode types of tubes are particularly well suited or operation from a
steady source of filament-supply voltage such as s 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 variation is amplified by the tube and produces
hum in the loudspeaker. When filament-cathode types of tubes are to be used on a-c
filament supply, special precautions are taken in the design to reduce hum disturbances
to a point where the hum will not be troublesome. These precautions include such features
as the utilization of massive filaments which 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 filament-
cathode type of tube particularly useful for operation on alternating current.

Heater, or indirectly heated cathodes, comprise an assembly of a thin metal sleeve
coated with active 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.
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DIODES
PLATE

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

The electrodes are enclosed in a bulb with the necessary connections brought out
through air-tight seals. The air is removed from the bulb to allow free movement of
the electrons and to prevent injury to the emitting surface of the cathode. When the
cathode is heated, electrons leave the cathode surface and form an invisible cloud in
the space around it. Any positive electric potential within the evacuated 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 suitable electrical source con-
nected between the plate terminal and & cathode terminal. Under the influence of
the positive plate potential, electrons flow from the cathode to the plate and return
through the external plate-battery circuit to the cathode, thus completing the circuit.
This flow of electrons is known as the plate current and may be measured by a sensitive
current-meter.

If a negative potential is supplied to the plate, the free electrons in the space sur-
rounding the cathode will be forced back to the cathode, and no plate current will
flow. Thus, the tube permits electrons to flow from
the cathode to the plate but not from the plate to the
cathode. If an alternating voltage is applied to the &
plate, the plate is alternately made positive and 5
negative. Plate current Aows only during the time &
when the plate is positive. This phenomenon makes
the tube useful as a rectifier of alternating current,
that is, to provide a current low always in the same
direction. Rectifying action is utilized in a-c receivers
to convert a.c. to d.c. for supplying “B,” ""C,”” and
screen voltages to the other tubes in the receiver
circuit. Rectifier tubes may have one plate and one
cathode. The '81 is of this form and is called a half-
wave rectifier, since current can flow only during one-
half of the alternating-current cycle. When two
plates and one or more cathodes are used in the .me
tube, current may be obtained on both halves ot the
a-c cycle. The 80, 82, 83 and 5Z3 are examples of this type and are called fuli-
wave rectifiers.

ALTERNATING
VOLTAGE INPUT

AT

Not all of the electrons emitted by the cathode reach the plate. Some return to the
cathode while others remain in the space between the cathode and plate for a brief period
to form an effect known as space-charge. This charge has a repelling action on other
electrons which leave the cathode surface, and impedes their passage to the plate.
The extent of this action and the amount of space-charge 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 conditions, the maximum number of available electrons is fixed,
but increasingly higher plate voltages will succeed in attracting 8 greater proportion
of the free electrons.

Beyond & certain plate voltage, 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 current, and because
it is an indication of the total number of electrons emitted, it is also known as the emission
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current, or, simply, emission. In most types of tubes, it is

2 [ TT1 impossible to obtain this value by measurement, since the
oT Saturation Point current flow is sufficiently large to change the emitting
& PN ..
5 Y conditions, or to demsge the tube. As a result, emission
o /] values in {oractice are determined at some lower voltage
=3 / which will not harm the tube. Different results will be
5o / obtained if a different cathode voltage or temperature is
g= / chosen, since the cathode tempersture determines the
gg /’ number of available electrons.
=2
zx| L/ If space-charge effects were not present, it follows
O~ "PLATE VOLTAGE—>~ that the same electron flow could be produced at a lower

plate voltage. One method of reducing the space-

charge 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 stoms permeating the space inside the bulb. These atoms are
bombarded by the electrons on their way to the plate. If the electrons are moving at a
sufficiently high speed, the collisions will tear off electrons from the mercury atoms.
When this happens, the mercury atom is said to be “ionized”, that is, it has lost one or more
electrons and, therefore, is charged positive. lonization, in the case of mercury vapor,
is made evident by a bluish-green glow between the cathode and plate. When ionization
due to bombardment of mercury atoms by electrons leaving the filament occurs, the space-
charge is neutralized by the positive mercury ions so that increased numbers of electrons
are made available. A mercury-vapor rectifier has a small voltage drop between cathode
and plate (about 15 volts). This drop is practically independent of current requirements
up to the limit of emission of electrons from the filament, but is dependent to some degree
on bulb temperature.

TRIODES

When a third electrode, called the grid, is placed 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. lts construc-
tion allows practically unobstructed flight of the electrons from the cathode to the plate.

PLATE When the grid of a tube is made positive or negative with

respect to the cathode, the plate current correspondingly increases

GRIO or decreases. The grid is located much nearer the cathode than

the plate so that o smell voltage change on the grid will have the

same effect on th “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.

CATHODE

HEATER

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

It should be noted that this control action of the grid permits the use of the tube as
an amplifier. A small grid-voltage change produces 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.

In 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 con-
nected between the plate and cathode is called the plate circuit, or the output circuit.
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The grid, plate, and cathode of a triode form an electrostatic system, each electrode
acting as one plate of a small condenser. The capacitances are those existing between
rid 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 piate 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 mini-
mized or eliminated in a number of ways. One scheme requires the use of complicated
circuit arrangements which set up counteracting effects to counterbalance the action of the

rid-plate coupling. The second and prcfcrdb?e method is to eliminate as much as possible
the grid-to-plate capacitance in the tube itself. This is accom-

lished by employing a fourth electrode in the tube which is PLatE
nown as the screen. The screen is placed between the plate and
the grid and thus makes a four-electrode tube, or “tetrode.” With .., SCREEN
this type of tube, intricate circuits and balancing difficulties may
be eliminated. Since the screen voltage largely determines the /\ THOOE

electron flow, small changes of plate voltage have little effect on
plate current. This is desirable from the viewpoint of stability.
The screen is constructed so that the flow of electrons is not materially obstructed, yet it
serves to establish an electrostatic shield between the plate and grid. The screen is
operated at some positive voltage lower than that of the plate and is by-passed to the
cathode through a condenser. This by-pass condenser effectively grounds the screen for
high-frequency currents and assists in reducing grid-plate capacitance to a minimum value.
In general prectice the grid-plate capacitance is reduced from an average of 8.0 micro-
microfarads (uuf) for a triode to 0.01 puf or less for a screen-grid tube. The reduction
permits the attainment of stable amplification from screen-grid tubes many times as high as
t3hQat pgs;ible from three-electrode tubes. Tubes of this type are represented by the 24-A,
and 35.

HEATER

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two- and three-electrode types, these vagrant electrons
usually do not cause any trouble because no positive electrode other than the plate itself is
present to attract them. These electrons, therefore, are eventually drawn back to the plate.
Emission from the plate caused by bombardment of the plate by electrons from the cathode
is called secondary emission, because the effect is secondary to the original cathode
emission. In the case of screen-grid tubes (tetrodes), the proximity of the positive screen
to the plate offers a stron? attraction to these secondary electrons and particularly so if
the plate voltage swings lower than the screen voltage. This effect lowers the plate
current and limits the permissible plate swing for tetrodes.

The plate-current limitation is removed when a fifth electrode, known as the suppressor,
is placed in the tube between the screen and plate. The family name for five-electrode
types is “‘pentode.” The suppressor is usually connected to the cathode. Because of
its negative potential with respect to the plate, it retards the 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

FLATE possible a large power output with high gain, due to the fact
suprresson that the plate swing can be made very large. Tubes of this
SCREEN - type are represented by the 33, 38, 47 and 2A5. In radio-

frequency amplifier pentodes, the suppressor permits of
obtaining a high voltage amplification at moderate values of
Heatin late voltage. In fact, the plate voltage may be as low as, or

ower than, the screen voltage without serious loss in the gain

capabilities of this type. Representative of this type are t\gwe 34 and 77. Further advantages
in adaptability of tube design and application may be obtained by providing the suppressor

{51]
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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 57 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
” ( . s R A
general purpose type;” that is, a single-tube type—a triode—was used as a radio-
frequency amplifier, an intermediate-frequency amplifier, an audio-frequency amplifier,
an oscillator, or as a detector. Obviously, with this diversity of application, one tube
did not meet all requirements to the best advantage.

Later and present trends of tube design are the development of ‘‘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
and the 2AS5, Types of this class, in general, require more than three electrodes to obtain the
desired special characteristics. ‘I'hus, 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 ecither 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 in-
teresting to note that the 80 is one of the earliest illustrations of multi-unit tubes.

PLATE
SUPPRESSOR
SCREEN GRID
DIODE PLATE
‘ DIODE PLATE

CATHODE
HEATER

Duplex-Diode Pentode

PLATE PLATE
GRIDS N2 3
GRID N22 ::2 x? * GRID N4
GRID Nt GRID N2.2
/\ CATHODE A CATHODE
HEATER HEATER
Triple-Grid Power Amplifier Pentagrid Converter

A third class combines features of each of the previous classes. Typical of this class
are the 2A7 and the 6A7 pentagrid converter types. These are tubes having an unusually
large number of electrodes (seven, exclusive of heater), all of which affect the same
electron stream and 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 and
may be used for the determination of tube performance and the calculation of additional
tube factors.

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

Plate characteristic curves and transfer (mutual) characteristic curves both give infor-
mation on static characteristics. These curves present the same information, but in two
different forms to increase its usefulness. The plate characteristic curve is obtained by
varying plate voltage and measuring plate current for different control-grid bias voltages,
while the transfer characteristic curve is obtained by varying control-grid bias voltage
and measuring plate current for different plate voltages. A plate characteristic family of
curves is illustrated by Fig. 1. Fig. @ gives the transfer characteristic family of curves for
the same tube.
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Dynamic characteristics include amplification factor, plate resistance, mutual con-
ductance, and certain detector characteristics, and may be shown in curve form for
variations in tube operating conditions.

The amplification factor, or x, is the ratio of the change in plate voltage to a change
in control-electrode voltage in the opposite direction, under the condition that the
plate current remains unchanged. For example, if the plate voltage is changed 30 volts,
and the grid voltage is changed 5 volts (in opposite polarity) in order to hold the plate
current at a constant value, the amplification 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 1 of a tube is useful for calculating stage
gain, as discussed on page 10.

The plate resistance ;) of a radio tube is the resistance of the path between cathode
and plate to the flow of alternating current. It is the ratio of a small change in plate
voltage to the corresponding change in plate current and is expressed in ohms, the ynit
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 (gn), or control grid-plate transconductance (Sw), is a factor
which combines in one term the amplification factor and the plate resistance, and is the
ratio of the first to the second. Mutual conductance may be more strictly defined as the
ratio of a small change in plate current (amperes) to the small change in the control-grid
voltage producing it, under the condition that all other voltages remain unchanged. Thus,
if a grid-voltage change of 10 volts causes a plate-current change of 0.01 ampere (10 ma.),
with all other voltages constant, the mutual conductance is 0.01 divided by 10, i.e.,

[7]
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0.001 mho. A “mho” is the unit of conductance and was named by spelling ohm back-
wards. For convenience, a millionth of a mho, or a micromho, is used to express mutual
conductance. So, in the example, 0.001 mho times a million equals 1000 micromhos.

The mutual conductance characteristic of a tube is very useful when comparing its
performance capabilities with those of the same type in similar applications. However,
the usefulness of this characteristic is limited when comparing different types for any
service. For example, the 112-A has a mutual conductance of 1800 micromhos at
180 volts on the plate and —13.5 volts on the grid, while the 71-A has a
mutual conductance of 1700 micromhos at 180 volts on the plate and —40.5 volts on the
grid. As a power amplifier, however, the 71-A is capable of furnishing three times as
much undistorted power to a 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 (So) 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 computetions.

Maximum peak inverse voltage characteristic of a rectifier tube is the highest peak
voltage that a rectifier tube can safely stand in the direction opposite to that in which
it is designed to pass current. In other words, it is the safe arc-back limit with the tube
operating within the specified temperature range. Referring to Fig. 3, when plate A
of a full-wave rectifier tube is positive, current Aows
from A to C, but not from B to C, because B is nega-
tive. 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 causin
current flow. The peak value of this voltage is limit
by the resistance and nature of the path between
prate 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 rela-
tions between peak inverse voltage, RMS value of
a-c input voltage and d-c output voltage depend
largely on the individual characteristics of the rectifier
circuit and the power supply. The presence of line
surges or any other transient, or wave-form distortion may raise the actual peak voltage
to a value higher than that calculated for sine-wave voltages. Therefore, the actual
inverse voltage, and not the calculated value, should be such as not to exceed the rated
maximum peak inverse voltage for the rectifier tube. A cathode-ray oscillograph or a
spark gap connected across the tube is useful in determining the actual pesk inverse
voltage. In single-phase, full-wave circuits with sine-wave input and with no condenser
across the output, the peak inverse voltage on s 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 of
vectors.

Maximum peak plate cument is the highest peak current that & 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 & given circuit, the actual value of peak plate current is largely determined by filter
constants. If a large choke is used in the filter circuit next to the rectifier tubes, the peak
plate current is not much greater than the load current, but if a large condenser is used
in the filter next to the rectifier tubes, the peak current is often many times the load current.
In order to determine accurately the peak current in any circuit, the best procedure
usually is to measure it with a peak-indicating meter or to use an oscillograph.
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Radio Tube Applications

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

AMPLIFICATION

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

A Class A amplifier is an amplifier in which the grid bias and the exciting grid voltage
are 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 repro-
duction of the form of the alternating grid voltage, and the plate current lows 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 on 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 flows during approximately
one-half of each cycle when an exciting grid voltage is present. The ideal %lass B amplifier
is one in which the alternating component of plate current is an exact replica of the
alternating grid voltage for the half cycle when the grid is positive with respect to the
bias voltage, and the plate current lows during 180 electrical degrees of the cycle. The
characteristics of a Class B amplifier are medium efficiency and 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 flows in each tube for appreciably less than one-
half of each cycle when an exciting grid voltage is present. Class C amplifiers find
application where high plate-circuit e%iciency is 3 paramount requirement and where

epartures 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_ie that such conditions be classified as
Class AB and Class BC, respectively. It is sometimes also of interest to know whether
grid current is expected to flow under rated full-load conditions. The proposals follow:

(1) A Class AB amplifier is one in which the grid bias and the exciting grid voltage are such that the plate
current flows during appreciably more than 180 electrical desrees, but less than 360 ‘electrical dearees of the
cycle. This has been called Class "A prime.” The characteristics 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 sthan is possible with Class A amplifiers.

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

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

For radio-frequency amplifiers which operate into a selective tuned circuit, as in
radio transmitter applications, or under requirements where distortion is not an important
factor, any of the above classes of amplifiers may be used, either with a single tube or a
push-pull stage. For audio-frequency amplifiers in which distortion is an important
factor, only Class A amplifiers permit single-tube operation. In this case, operating
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conditions are chosen so that distortion is kept below the conventional 5% for triodes
and the conventional 7 to 10% for tetrodes or pentodes. With Class A amplifiers, reduced
distortion with improved power performance can be obtained by using a push-pul!
stage for audio service. With Class B amplifiers, a balanced amplifier stage using two
tubes is required for audio service.

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

SUTEUT SIGNAL(O) |

LOAD
RESISTOR SR

GRIF VOLTS © + SIGNAL
-
5
=
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INDUIL)SIGNAL i _ . _ .
< W

< 8

Fig. 4 Fig. 5

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

Amplification factor X Plate load resistance
Voltage Amplification = x-U
Plate load resistance =+ Plate resistance

Mutual d in mi hos X Plate resi X Plate load resistance
1000000 X (Plate resistance + Plate load resistance)

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

These formulae apply equally well to all types of amplifier tubes. |f the load resistance
is made increasingly larger, the voltage amplification per stage approaches the amplification
factor of the tube as a limiting value. Fig. 6 shows that voltage amplification, or gain,
increases with larger loads. Since increasing the size of the load resistors lowers the
available plate vo?tdge due to the drop through the resistor, the plate-voltage swin
obtainable is likewise reduced. This drop may be avoided by replacing the resistor witﬁ
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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.

|
|

— — ]

VOLTAGE AMPLIFICATION vs.LOAD RESISTANCE
FOR THEORETICAL TRIODE HAVING:
PLATE RESISTANCE=(0000 OHMS —
AMPLIFICATION FACTOR=I0
MUTUAL CONDUCTANCE 21000 MICROMHOS

N

VOLTAGE AMPLIFICATION
N
t w

— 200000 _ 300000 ai 500000
LOAD RESISTANCE -OHMS

Fig. 6

The method of applying the input signal to the %-id 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 34 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 deter-

mined 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
stages. Cross-modulation is the effect produced in a radio receiver by an interferin
station “'riding through™ on the carrier of the station to which the receiver is tuned.
Modulation-distortion is a distortion of the modulated carrier and appears as audio-
frequency distortion in the output. This effect is produced bz 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
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Fig. 7 Fig. 8

last intermediste-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 grid bias. A cross-section of
the structure of a typical super-control tube is shown in Fig. 7. This type differs from
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other screen grid tubes chiefly in the construction of the control grid, which is wound
with coarse spacing at the middle and with close spacing at the ends. When weak signals
and low grid bias are applied to the tube, the effect of the non-uniform turn spacing
of the grid on cathode emission and tube characteristics is essentially the same as for
uniform spacing. As the grid bias is made more negative to handle larger input signals,
the electron flow from the sections of the cathode enclosed by the ends of the grid is
cut off. The plate current and other tube characteristics are then dependent on the
electron flow through the coarse section of the grid. This action changes the gain of the
tube so that large signals may be handled with minimum distortion due to cross-modulation
and modulation effects. Fig. 8 shows typical grid-voltage vs. plate-current curves for o
screen-grid and a super-control tube, respectively. It will be noted that while the
curves are alike at small grid-bias voltages, the plate current of the super-control tube
drops quite slowly with large values of bias voltage. This slow change makes it possible
for the tube to handle large signals satisfactorily. Since super-control types can accom-
modate large and small signals, they are particularly suitable for use in sets having
automatic volume control.

As a Class A power amplifier, a radio tube is used in the output stage of radio receivers
to supply relatively large amounts of power to the 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-hanc(lins
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 characterized 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 stage. Either triodes or pentodes as driver tubes may be used, but
triodes are usually preferable since they produce less distortion.

Either push-pull or parallel operation of power tubes may be employed with Class A
amplifiers to obtain incressed 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 propor-
tionately 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 a resistance load. The proper
late current, grid bias, and optimum load resistance, as well as the per cent second-
armonic distortion, can also be determined. The calculations are made graphically and
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are illustrated by Fig. 11 for given conditions. The procedure is as follows: A straight
line XY is drawn through the point P on the plate family of curves. This point is deter-
mined 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 inter-
section of the line with the zero-current axis) divided by the current value (at the inter-
section of the line with the zero-voltage axis) gives the desired trial load resistance.
A more direct method is to draw any convenient line AB having the proper slope, and
then to draw XY parallel to it and through P. To draw AB, choose any convenient
voltage value on the zero-current axis. A line drawn through this point and given the
proper slope must intersect the zero-voltage axis at a current value equal to the chosen
voltage divided by the chosen resistance value.

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

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

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

Power Output =

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

I max. + I min.
9 —2 - lo
————————— Per cent 2nd Harmonic Distortion = ——— X 100
I max. = I min,

Exomple: Determine the undistorted
power output of a 3-electrode tube at o
plate voltage of 250 volts, a plate current
of 34 milliamperes, a negative grid voltage
of 50 volts and a plate load of 3900 ohms,

iven the plate characteristic curves as
own.

Procedure: Draw through point (P)
which represents proposed operating con-
$ ditions, line XY with slope corresponding
e to -ohm load. This may be done
drowlns XY parallel to line AB. The
line AB is drawn between point (M) at
250 volts and zero current, and point (Q)
at zero volts and current equal to 250 volts
divided by plate load of 3900 ohms, i.e.,
250 + 3900 = 0.064 ampere or 64

PLATE MILLIAMPERES
13
3

° PLATE VOLTS N
Fig. 11 milliamperes.

Substituting values from curves in sbove power ormula:

©6—7) X (360—130)
Power output = f = 1700 milliwatts

Substituting values rom curves In above distortion formula:

0.066 + 0.007
— - 0.034

2nd Harmonic Distortion = ———————————————— X 100 = 4.2%
0.066 — 0.007

It is customary to make the final selection of load resistance such that the distortion as
calculated above does not exceed 5 per cent, a value which experience has shown to
be permissible. Several approximations of load resistance may be necessary to obtain the
optimum value for the trial value of plate current. Ordinarily, the plate load resistance
for optimum conditions is approximately equal to twice the plate resistance.
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To check the trial plate current, calculations should be made for d-c plate currents

above and below the trial value. The most suitable value with its corresponding grid

bias can then be selected, unless the value is higher

"""" m than that recommended for the tube. In this event
the maximum permissible value is chosen.

%

The proper load for triodes in push-pull power
amplifiers may be determined by means of the plate
family and the relation E=0.6 Eo, where 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.

g

PLATE MILLIAMPERES (1)
-3

8

[+) 150 250 O
PLATE VOLTS{Ep) . . . .
l::_E_—-—I___‘_l ° Fig. 12 illustrates the application of this method
o to the case of two Type 45’s operated at Eom=250
Fig. 12 volts. Then
Eo — 0.6 Eo 100
Plate-to-Plate Load =———— X 4 = ——X 4 = 4160 ohms
Im 0.096

This simple formula is applicable to all power output triodes. The operating grid bias
voltage can be anywhere between that specified for single-tube operation and that
equal to one-half the grid bias voltage required to produce plate-current cut-off at a
plate voltage of 1.4 Eo. Thus, for single-tube operation of the Type 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
volts, which is the most negative value permissible without departing from Class A
conditions. Operation beyond this
Eoint will be accompanied by recti-
c

ation and will no longer be repre- oaup_ YOLTS ES12 2
sentative of a Class A amplifier. od
g5 £y = 0.203V
The power output for push-pull -t
triodes ma?' be determined by the E
following formula: :
u
H 1, €cy =V
power O In Eo e[ P
ower Qutput =
2 ) A
Iy Eci=1.707V
— Ty Ecy=2v
If Im is expressed in amperes and Eo £ = j}m
In volts, power is obtained in watts. i PLATE VOLTS ’
Thus, for Fig. 12, power output= ®Y 'S THE CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT
0.096 X 250 + 5, or 4.8 watts. 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 s special plate characteristic
family of curves, illustrated in Fig. 13.

1L mox. — I min, + 1.41(Ix~— Iy)] 2Rp
32

Power Output =
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If T is in amperes and E in volts, then

_ E max. — E min,

p in ohms,

B Imax. = 1 min,
and power output is obtained in watts.
I max, — Imin. — 2 lo
X 100
I max.— 1 min. 4 1.41 (Ix — ly)

Per cent 2nd Harmonlic Distortion =

I max. — Imin. — 1.41 (Ix=1y)
" Imox. —Iain. + 1.41 (x—Iy)

Per cent 3¢rd H. ic Distorti

Per cent total (2nd and 3rd) Harmonic Distortion = \/(% 9nd Har. Dist)? + (% 3rd Har. Dist)?

The conversion curves given in Fig. 14 are es- CONVERSION FACTORS FOR PENTODES
pecially useful for power triodes and pentodes (either 2 0s /
in sin re or push-pull operation) in calculating from 8 v
publisicd operating conditions other operating con-
ditions to meet special plate-voltage requirements.
To use these curves, first determine the ratio of the
new plate voltage to the published plate voltage
nearest the desired new conditions. 'Ijl?\e ratio, the
Voltage Conversion Factor (Fe), is then used to de-
termine the new screen voltage and/or the new con-
trol grid voltage. Factors for calculating the other
new operating conditions are read directly from the
curves of Fig. 14,
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Fe applies to screen voltage, control grid voltage
and plate voltage.
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Fi applies to plate current and to screen current.
Fp applies to power output.
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These curves are quite accurate except for over-
biased operation. Thus, for the 45 and 2A3 at volt-
ages greater than 180 volts, the conversion factors
cannot be used unless adjustment is made to keep plate
dissipation within safe IJimits. The best guide to the A
recommended maximum plate dissipation is the prod-
uct of the maximum recommended plate voltage and oo L L L
maximum recommended plate current for the tube type VOLTAGE CONVERSION FACTOR (Fe)
under consideration. Fis. 14
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Class AB power amplifiers consist of a push-pull stage of power output triodes op-
erated somewhst over-biased as compared with Class A amplifiers. Usually the input
transformer has a small step-down ratio of primary to secondary in order that the stage
may be driven to the point where a small amount of grid current lows on full signal with-
out appreciable distortion. For small input signals, the amplifier performs as a Class A
amplifier; for full-input signal, 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. [t is necessary, how-
ever, to suple the bias voltage for the Class AB stage from a fixed supply if the maximum
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 flow over a substantial part of the negative half-
cycle. In other words, plate current lows only during the least negative excursions of
the signal voltage. A considerable amount of second and higher even-order-harmonic
distortion is thus introduced into the power output of a sing?e 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.

is power is conveniently supplied by a Class A power amplifier %eedin the grids of
the output tubes through a push-pull transformer having the proper characteristics.
Usually this transformer has a step-down ratio.

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

Distinguishing features of this class of service are that very high output of good quality
may be ol tainejvwith fairly small tubes operating at relatively low plate voltage; and
that unusual overall economy of power consumption is possible because the plate current
is low when no signal is applied to the grid. To give these advantages, the Class B
amplifier circuit requires the use of two tubes in a balanced output stage preceded by
a driver stage cap&le 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 Aluctuates 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, & suitably designed power-unit should be em-  ovvamic TRansrER camacTERISTICS
ployed. The rectifier tube should have reasonably good =
regulation over the operating range. In some circuit de-
SiinSI 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 regu-

TYPE 46
€2 SVOLTS A.C.
IATE VOLTS =400,

lation, the filter chokes and the transformer windings should | ATE (oas fueq
have low resistance. In the design of a power supply for a (559 brads y o
Class B amplifier, consideration shoulfbe given to eco- 1730

nomical distribution of losses. Also, the power supply S a1/ fodt®
should be designed to take care of the average power TEC T 0

requirements with sufficient regulation to meet the peak- e e

power demands.

The grid (or grids) of a Class B amplifier tube is operated
sufficiently positive to cause grid current to flow 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 INSTANTANEOUS GRID vOLTS(eg, )
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 sudio 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 E 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. lt 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 leskage reactance of the coupling
transformer without excessive loss of high-frequency response, the leakage reactance o
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 hig‘rer 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
briefly under DIODES, page 3. The filter’s action is explained on page 28; 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 alternatin% voltage, so that
outputs of each half-cycle are supplied alternately to the filter circuit. This action occurs
at twice the supply frequency and thus makes filtering and regulation problems simpler to
handle than for the half-wave circuit. Further rectifier operating information and circuits
are given under each 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 ¢! ooy
other. This arrangement provides rectification of each vouTace
half-cycle of the a-c supply. Furthermore, during the

period that one diode is rectifying, the condenser V\ /\ et e
across the other diode is discharging through the load  §

and the conducting diode. As a result, the voltage l §7 (7 KZ&%%“;«
-

across the load is the sum of the d-c output voltage of

the conducting tube and the discharge voltage of the M e
condenser. Since the total d-c voltage across the load, o w2
therefore, is approximately twice the d-c voltage ob- S0OTHED voLT-
tainable from a half-wave rectifier, this circuit is called cI frfs::g.fr?m

a voltage-doubler. Like a full-wave rectifier circuit,

filtering is simpler, since the doubler circuit gives an - RALARE vo
~en

output with & ripple frequency twice that of the
supply line. A tube specially designed for voltage- FULL-WAVE RECTIFICATION
doubler requirements is the 25Z5. It contains in a Fig. 15
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single bulb two separate diodes of the heater-cathode type. Fig. 19 shows a circuit
diagram employing this tube as a voltage doubler.

HALF-WAVE RECTIFIER FULL- WAVE RECTIFIER

WPUT g ouTPUT

TO
voLrs FILTER

1 1
Fig. 17
TYPE
2525
)
DIODE ﬁ: <
ot ™

= g | A :

l_. mruT A ot
+
A~C oul?r-pcuT OQUTPUT
SUPPLY €
VOLTAGE, —T - =
DI0DE ] —e T
= c
RSHEATER VOLTAGE REDUCING RESISTOR
.= CONDENSER
fig. 18 Fig. 19
DETECTION

In radio-broadcast transmission, the radio-frequency carrier wave is modulated by
the microphone pick-up at the studio. In reception, the operation of separating the
audio component (speech and music) from the r-f wave is known as demodulation, or
detection. The effect of modulation at the transmitter
is to vary the amplitude of the carrier wave in propor-
tion to the audio-input variations. Since the carrier
wave is alternating, it may be considered to consist of
two halves, a positive half and a negative half. Eac
of these halves is affected equally by the audio
modulation. Unless a 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 equal to the carrier frequency, a frequency much
too high to operate any audio system. If, however,
one-half of the carrier wave can be eliminated, the
audio variations of the other half of the carrier may be “IR-F INPUT
utilized to operate a pair of headphones or a loud- Fig. 20
speaker (Fig. 20). 8-

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 carrier—permits a
greater flow 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 usually 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 low 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
load resistance (R).

DUPLEX-~DIODE TRIODE

DIODE
1 TO GRDOF MUDI0
o :
aron /. — N AMPLFER TUBL
T by N AR (il i I 4
INPUT 3 R
L 9
- R - It
AVMAAAAAAS
-— <2
VAW ‘v
—_p& <
] Il
I
TO GRID OF AMPLIFIER TUBE S !L
Fig. 21 Fis. 22

Two diodes may be used for full-wave rectification or their plates may be connected
in parallel (with decreased tube resistance) for half-wave rectificstion. With full-wave
rectification, the circuit may be balanced for carrier input so that no carrier frequency
is supplied to the grid of the following amplifier and no carrier-frequency filtering is
theoretically necessary. Half-wave rectigcation as compared with full-wave rectification
provides approximately twice the signal output, but requires carrier-frequency filtering.
Figure 29 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-of. %n general, the amplifier unit
of duplex-diode types can be utilized just as though it were a separate tube.

CR-' GRID LEAK
S R-F CHOKE
CATHODE GRID
BIAS CONDENSER
RESISTOR == 10
BY-PASS AMPLI-
INPUT CONDENSER FIER
: INPUT ouTPUT
BY-PASS E
CONDENSER >
o

wy |l

TI‘:}‘NSFDR:/ER Q: A+ e+
Fig. 23 Fig. 24

The grid-bias method of detection makes use of a tube which is operated with a
grid bias such that the plate current with no signal is practically zero. The biss may be
obtained from & cathocre 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,
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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 leak and con-
denser 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. %his 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 gain
by means of the rectified voltage may be accomplished by a number of methods, differing
chiefly in the means of applying the voltage to the various electrodes of the amplifier
tubes. For example, the control voltage 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 negative end of this resistor.

Assume that, for a given signal, the voltage drop across R is sufficient to bias the
controlled tubes to a sensitivity consistent with desirable reception volume. A 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 sutomatic-volume-control
or a.v.c.

The a.v.c. circuit just described starts to
function as soon as any signal is received.
Fren S It is sometimes desirable to delay the control
action until a signal exceeding a certain mini-
t mum amplitude is received. This is accom-

R =IOV + plished by applying a negative d-c voltage to
WAl the diode plate. In Fig. 25, a 10-volt valuz
Avch & €2 is ghowrf\. hUngier lthis cot;léiit:p?‘, 'the posiﬁvc

il it swing of the signal must be slightly more than

TC; 10 volts before diode current flows in the
circuit. Since a.v.c. action is delayed until a
Fig. 25 certain minimum signal is received, this system

is known as delayed a.v.c., or d.a.v.c.

DIODE

AUTOMATIC NOISE SUPPRESSION

Automatic suppression of receiver noise is generally accomplished by utilizing the
rectifying action of a detector tube to supply control voltage to a separate control tube
arranged so that the audio-frequency amplifier stages are cut out until a desired carrier
signal is fully tuned in. This eﬂect 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, Q tube, or squelch

[20]



RCA CunningHAM RADIOTRON MANUAL

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 (V}); a triode n.s.c. tube (V3); and a controlled amplifier tube (Vs).

€2 rocrp
Iori Ao
R—F OR AMPLFE|
—F TUBE
INPUT

When no signal is present in the input transformer, no plate current flows through
V1. There is no bias voltage applied to the grid of V,, so maximum plate current flows
through Rs. The voltage developed across Rz biases Vs 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 Vi. D-c and a-f voltages are
produced across R. The d-c voltage is applied as negative bias to cut off Vz. There is
then no voltage drop across Ry, so Vs operates with minimum fixed bias. Vs then functions
as a regular amplifier for the a-f voltage applied through C, from R.

Fig. 27 shows a circuit employing the 55 and 57 arranged to take advantage of the
combined features of diode detection, d.a.v.c., and n.s.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; diode B is
the detector. The triode is the n.s.c. unit. When a carrier signal is applied across the
input transformer, plate current lows from diode A through % and Ry back to A. The
bleeder resistor (R} provides a negative bias of 14 volts to A in order to obtain delayed
a.v.e. Awv.c. voltage is obtained across R; 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
dicde-load resistors (Ry and Ry) to provide negative d-c bias for the 55 triode and a-f

N.SC. AND DAN.C. CIRCUIT

CLOSE~ TYPE 55 100 TYPE 57 01 uf
COUPLED BLy
Yo A-F
PRIMARY CUTPUT

P o L
- JE 2l pose—
INPUT T
B+ o J-
AvE.  O23n 0.0001 4
I osnin .00 if
B-

o)

b R R7 l

fim MEGOHM B+
Fig. 27

voltage for the 57 a-f amplifier. Under signal conditions, the 55 triode is biased to
cut-o%. No current flows through load resistor R so that the 57 operates at maximum
plate current—limited, of course, by the minimum bias supplied by the bleeder R.. Under
this condition, the 57 amplifies the a-f voltage from diode B and passes it on to the audio-
requency stages.
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When no carrier signal is present in the input transformer, no plate current flows
through diodes A or B. There is no av.c. action since diode A is biased 14 volts
negative. Under such conditions, maximum plate current flows through Rj, 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
loudspeaker.

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 longer 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. 'lﬁe overall selectivity at the secondary (L3) of
the input transformer is greater than at the secondary (Ls), so that during the detuning
process the signal on diode B is reduced to a greater extent than the signal on diode A.

e selectivitlz of the secondary (Ls) is less than that of Ly because Ls is more closely
coupled to the primary (L1). This arrangement can be utilized to provide the desired
suppression appreciab?;' 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 broadcast receivers, this application is limited practically
to superheterodyne receivers for supplying the heterodyning frequency. Several circuits
grepresented in Fig. 28) may be utilized, but they all depend on feeding more energy
rom 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

X

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.

<«— Ffig. 28 ==

B- A- B+ e~ HE?ER e+
At TRANSFORMER

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 s 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 and mixer circuits by either capacitive or inductive means.

Another method of interest depends on the electron stream as a coupling agent
instead of reactive coupling. This arrangement offers advantages in eliminating undesired
intercoupling effects between signal, oscillator, and mixer circuit and in reduction of
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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 variation in cathode emission.
Conceivably, the cathode current might be modulated by variation in cathode temperature
produced by filament-current variation. Practically, however, this same effect can be
accomplished by placing a grid and a supplementary snode-grid between the cathode
and the control-grid and by using these electrodes in conjunction with the cathode
to accomplish the modulation of the cathode current.

With this latter arrangement, the cathode and the first

PLATE two grids may be regarded theoretically as a composite

GRIDS Ned cathode which supplies a modulated electron stream. This

R0 e modulated cathode-stream may be further controlled and

GRID Ney *2 utilized by means of the addition of other grids and a plate,

/\ S camone  as, for example, in the pentagrid converters 2A7 and 6A7;

bartn see Fig. 29. Grid No. 1 is the control grid for the oscillator

iy ortion of the tube. Grid No. 2 is the anode for the oscil-

9 ator. 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 shield the signal control grid No. 4 from the other

electrodes. This shielding action increases the output impedance of the tube—a desirable
characteristic from & gain standpoint.

In operation, the cathode, grid No. 1, and grid No. 2 form the oscillator portion of
the tube. Electrons emitted from the cathode can be controlled in their low 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 Aowing through the No. 1 grid, will be modulated at this frequency. This
modulated electron stream comes under the influence of grid No. 3, which is operated
at a positive 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 various combinations of the oscillator and signal frequencies. Since the primary
circuit of the first i-f stage is designed for resonance at the intermediate frequency (equal
to the difference between the oscillator and signal frequencies), only the desired inter-
mediate frequency will be present in the secondary of the i-f transformer.

Assembling Redio Tubes
(23]



Radio Tube Installation

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

FILAMENT AND HEATER POWER SUPPLY

The design of radio tubes allows for some variation in the voltage and current supplied
to the filament or heater, but most satisfactory results are obtained from operation at
the rated values. When the voltage is low, the temperature of the cathode is below
normal, with the result that electron emission is limited. This 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 st the socket terminals by means of
an accurate voltmeter while the receiver is in operation. In the case of series operation
of heaters, correct adjustment can be checked by means of an ammeter in the heater circuit.

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

D-c filament or heater operation should be considered on the basis 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. |t 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 rheostst is advised to prevent over-voltege conditions after an off-period. The
voltage of dry-cells recuperates during off-periods. In the case of storage-battery supply,
air-cell-battery supply, or d-c power supply, a non-adjustable resistor of suitable value
may be used. 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 storage-
cell, and the 6.3-volt series of tubes from a 6-volt storage battery.

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

Supply volts — Rated volts of tube type

Required Resistance (ohms) =
Total rated filament current

Thus, if a receiver using three 32's, two 30’s, and two 31’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 9 volts (voltage rating for these tubes) divided by 0.56 ampere (the sum of
5%0.060 ampere +2X0.130 ampere), i.e., approximately 1.8 ohms. Since this resistor
should be variable to allow adjustment for battery depreciation, it is 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 resistor multiplied by the total filament current in
amperes. Thus, for the example above, 1X0.56=0.56 watts. In this case, the value
is so small that any commercial rheostat with suitable resistance will be adequste.
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For the case where the heaters and/or filaments of several tubes are opersted in
series, the resistor value is calculated by the following formula, also derived from
Ohm's law.

Supply volts — Total rated volts of tubes

Required Resistance (ohms =
Rated amperes of tubes

Thus, if a receiver having one 78, one 77, one 43, and one 2575 is to be operated
from a 120-volt power line, the series resistor is equal to 120 volts (the supply voltage)
minus 62.6 volts (the sum of 2X6.3 volts 42X 25 volts) divided by 0.3 ampere (current
rating of these tubes), i.e., approximately 191 ohms. The wattage dissipation in the
resistor will be 120 volts minus 62.6 volts times 0.3 ampere, or approximately 17.2 watts.
A resistor having a wattage rating in excess of this value should be chosen. It will be
noted in the example for series operation that all tubes have the same current rating.
IF it is desired to connect in series tubes having different current ratings, tubes of the
lower ratings should have shunt resistors placed across their heater terminals to pass
the excess current. The required series resistor is then calculated on the basis of the
tubes having the highest current rating.

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

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

If 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-¢ outlet
and the transformer primary. Before such a transformer is installed, the a-c line Aluctuations
should be very carefully noted. Many radio sets are equipped with a line-voltage
switch which permits deustment 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 & 50-chm
(approximate) resistor shunted across the winding. This practice follows the recom-
mendation that no bias be applied between heater and cathode, and that the potential
difference between them be kept as low as possible in order to prevent hum in the cir-
cuit. If the use of a large resistor is necessary between heater and cathode in some
circuit designs, it should be by-passed by a suitsble filter network or objectionable hum
may develop. In the case of the 6.3-volt heater-cathode types when operated from a
storage battery, the 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-¢ power line through a rectifier.

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes is obtained from batteries, devices for rectilying
a.c., direct-current power lines, and small local generators. Auto radios have caused
the commercial development of a number of devices for obtaining a high-voltage d-c
supply either from the car storage-battery or from a generator driven by t?m car engine.
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The maximum plate voltage value for any tube type should not be exceeded if most
satisfactory performance is to be obtained. Plate voltage should not be spplied to a
tube unless the corresponding recommended grid voltage is also supplied to the grid.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been care-
fully determined to give the most satisfactory performance. Grid voltage may be obtained
from a separate C-battery, a tap on the voltage divider of the high-voltage d-c supply,
or from the voltage drop across a resistor in the cathode circuit. This last is called the
“self-bias” method, since the 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 con-
nected to the negative filament socket terminal, or to the cathode terminal if the tube
is of the heater-cathode type. I[f the filament is supplied with alternating current, this
connection is usually made to the center-tap of a low resistance (20-50 ohms) shunted
across the filament terminals, This method reduces hum disturbances caused by the a-c
supply. [f biss voltages are obtained from the voltage divider of a high-voltage d-c
supply, the grid return is tied into a more negative tap than the cathode.

The self-biasing method utilizes the voltage drop produced by the cathode current
fAlowing through o resistor (Fig. 30) connected between the cathode and the negative
terminal of the B-supply. The cathode current is, of course, equal to the plate current
in the case of a triode, or to the sum of the plate and screen current in the case of e
tetrode—or of o pentode. Since the voltage drop along the resistance is increasingly
negative with respect to the cathode, the required negative grid-bias voltage can be
obtained by connecting the grid return to the negative end of the resistance.

mms
+

280004 2
R= GRID BIASING RESISTOR T=FILAMENT TRANSFORMER C=@Y-PASS CONDENSER

Fig. 30
The size of the resistance for self-biasing a single triode can be determined from the
following formula:
Desired grid bias voltage X 1000

Rated plate current in milliamperes

Resistance {ohms) =

Thus, the resistance 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 and 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 (a.v.c.), from a
bleeder circuit by means of changes in bleeder current caused by the a.v.c. tube. In
any case, it is important that the control be arranged so that less than the minimum recom-
mended 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 regulsting resistor. See Figs. 31 to 33.
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VARIABLE

8- A= A+ e+ 8+

Fig. 31 Fig. 32

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 four-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 con-
struction, however, may utilize the series-resistor arrangement, since this construction
makes possible greater uniformity of the screen-current characteristic. See Fig. 34.

B- B+ A A B- B+
Fis. 34 Fig. 35

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
if 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 feed-
back 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, within a metal inclosure. When screen grid tubes are used, 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 de-
termine 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-im-
pedance to the power-supply circuit.
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The choice of a resistor or choke depends chiefly upon the permissible d-c voitage
drop through the filter. In circuits where the current is small (a few milliamperes)
resistors are practical; where the current is large, or regulation important, chokes are
more suitable,

0-C b=C Db-C b=C
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD LEAD

R L L
T Tocmed 1w Trocamaet
TO CATHODE TO CATHODE TO CATHODE TO CATHODE
R=RESISTOR  C2BY-PASS CONDENSER  L=A-F OR R-f CHOKE

Fig. 36

The minimum practical 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 high-
quality condensers. Mica condensers are preferable. Where stage shields are em-
ployed, filters should be placed within the shield.

Another important application of filters is to smooth the output of a rectifier tube.
See RECTIFICATION. A smoothing filter usually consists of condensers and iron-core
chokes, as in Fig. 37. In any filter design problem, the load impedance must be considered
as an integral part of the filter because the load is such an important factor in filter per-
formance. Smoothing effect is obtained from the chokes because they are in series with
the load and offer s 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.

CHOKE-NPUT TYPE FLTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER
TR — T s —1—o

L [N L
NPUT NPUT NPUT

< | ¢ < 3 c
FROM —_— = ouTPUT FROM L S fAOM L
RECTFIER T T RECTFER | T o™ receen T U7

TUBE TUBE TUBE
L L] ® —- o—1i—o

LEFLTER CHOKE CEFILTER CONOZNSER

Fig. 37

If an input condenser is used, consideration must be given to the instantaneous peak
value of the a-c input voltage. This peak vslue is about 1.4 times the RMS value as
measured by an a-c voltmeter. Filter condensers, therefore, especially the input con-
denser, 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 plate circuit of a power output tube to keep
the comparatively high d-c plate current from the winding of an electro-magnetic speaker
and, also, to transfer power efficiently from the output stage to a loudspeaker of either
the electro-magnetic or dynamic type.

PLATE C=2-6ug

PLATE INPUT ?;03;2_L—9
10 8+ LOUDSPEAKER
INPUY H LOUDSPEAKER
S CATHODE
TRANSFORMER METHQD CHOKE~=COIL. METHOD

Fig. 38

Output-coupling devices are of two types, (1) choke-condenser and (9) 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 plate current component of the signal voltage but opposes
the Aow of the Ructuating component. A by-pass condenser of 2 to 6 uf supplies a path
to the speaker winding for the signal voltage. The transformer type is constructed with
two separate windings, a primary and a secondary, wound on an iron core. This construc-
tion permits of designing each winding to meet the requirements of its position in the
circuit. Typical arrangements of each type of coupling device are shown in Fig. 38.
Examples of transformers for push-pull stages are shown in several of the circuits given

in the CIRCUIT SECTION.

Parts and Assembly of the 58
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VIEWS OF RADIO TUBE

(1) Carbonizing interior walls of glass bulbs—This machine places
a band of carbon dust within the bulb—then neatly cleans the
top and boktom section of the bulb.

(@) Gauging bulbs—Uniform bulb dimensions are essential for
making quality tubes with modern high-speed equipment.

(3) Inspecting heaters—A shadow picture of a coiled heater
magnified 100 times. Heater turns are closely spaced and eore
formed from wire often finer than s human hair.

(4) Winding grids—Grid-winding machines automatically wind
the correct number of turns for each grid.

(5) Welding the tube leads—This machine simultaneously welds
together three unlike metals—the copper wire connector for the
base pin, the dumet wire for the glass sesl, and the nickel wire
for the support of the tube parts.
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MANUFACTURING PROCESSES

(6) Gauging grids—Inside and outside diameters are measured
to 0.007 inch.

(7) Spraying heaters—Ceramic material is sprayed on the heaters
to insulate them from their cathode sleeves.

(8) Assembling tube mounts—All metal connections are welded
to insure high electrical conductivity and sturdy construction.

(9) Sealing, exhausting, and basing processes — This highly-
involved manufacturing unit completes the operations of tube
assembly.

(10) Inspecting finished tubes—Each tube is carefully tested
before it is packed in its individual sealed carton,
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@ Radiotron
Type 1A6
PENTAGRID CONVERTER

The 1A6 is a multi-electrode type of
vacuum tube designed to perform simul-  Zoup nesmuera 100 car
taneously the function of a mixer tube BOTIOM VIEW
and of an oscillator tube in superhetero-
dyne circuits. Through its use, the inde-
pendent control of each function is made possible within a single tube. The 1A6 is
designed especially for use in battery-operated receivers. In such service, this tube
replaces the two tubes required in conventional circuits and gives improved perform-
ance. For general discussion of pentagrid types, see Frequency Conversion, page 29.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). oo veiieiiieieee 2.0 Volts
FILAMENT CURRENT . . ¢ ot eeieeeeeeiviaeeeeennnn, 0.060 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate. . . ... (With shield-can)........ 0.95 uuf
Grid No. 4 to Grid No. 2 (With shield-can)..... ... 0.2 i
Grid No. 4 to Grid No. 1 (With shield-can)........ 0.1 uuf
GridNo. 1toGridNo. Q.o viiiiiiiiie. . 0.8 uuf
Grid No. 4 to all other Electrodes (R-F input)....... 10.5 upf
Grid No. 2 to all other Electrodes (Osc. output). . .. 6 unf
Grid No. 1 to all other Electrodes (Osc. input). . . .. 5 nuf
Plate to all other Electrodes (Mixer output)......... 9 unf
BuLB (For dimensions, see Page 151, Fig. 7)................... ST-12
AP oo 55 5 0 63 % 500 5 55 5 556 75 ¥ 0 £ 5 1 IS0 A0 9 O B 5 Y D U B % BEREES Small Metal
BASE. . it Small 6-Pin
Converter Service
PLATE VOLTAGE ccv s s s mws s mwn s i s s a mspw s 55 95 4 9 3 180 max.  Volts
SCREEN VOLTAGE (Grids No. 3and 5).............. 67.5 max. Volts
ANODE-GRID VOLTAGE (Grid No. 9). . ............. 135 max.  Volts
ANODE-GRID VOLTAGE SUPPLY*. ... ....cv et 180 max.  Volts
CONTROL GRID VOLTAGE (Grid No. 4). ............ —3min.  Volts
TOTAL CATHODE CURRENT .. ..v v vt e v ve e 9 max. Milliamperes
TypICAL OPERATION
Plate Voltage.. . .. ..ot 135 180 Volts
Screen Voltage....oocvviviiinnin, 67.5 67.5 Volts
Anode-Grid Voltage. . ................. 135 135 Volts
Anode-Grid Voltage Supply .....covvt. 135 180* Volts
Control Grid Voltage. . ................ -3 -3 Volts
Oscillator Grid Resistor (Grid No. 1). . ... 50000 50000 Ohms
Plate Current., .. cooveevvneeennnnnnnn.. 1.2 1.3 Milliamperes
Screen Current. o« oveveiiiiii i 2.5 2.4 Milliamperes
Anode-Grid Current. . ................. 2.3 2.3 Milliamperes
Oscillator Grid Current. ... cvovvvin. .. 0.2 0.2 Milliampere
Total Cathode Current.................. 6.9 6.2 Milliamperes
Plate Resistance. .. ..oovvvvnnnenenn.n. 0.4 0.5 Megohm
Conversion Conductance. ... ........... 975 300 Micromhos
Conversion Conductance (at —92.5 volts on
GridNo. 4). .o 4 4 Micromhos

* Applied through 20000-ohm dropping resistor.

The mutual conductence of the oscillstor portion (not oscillating) of the 1A6 is 425 micromhos under the
following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-grid voltage {no
voltage-dropping resistor), 135 volts; and zero oscillator grid volts. Under these same conditions the
anode-grid current is 2.3 milliamperes.
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INSTALLATION

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

The coated filament of the 1A6 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a filament
rheostat may be used together with a permanently installed voltmeter to insure the proper
filament voltage. For operation from a 2-volt lead storage-cell, the 1A6 requires no
filament resistor. Operation from an air-cell battery requires a fixed resistor in the
filament circuit. This resistor should have a value such that with 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 con-
nected to the positive battery terminal.

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

APPLICATION

As a frequency converter in superheterodyne circuits, the 1A6 can supply the local
oscillator frequency and at the same time mix it with the radio-input frequency to provide
the desired intermediate frequency. For this service, design information is given under
CHARACTERISTICS. It is important to note that the anode-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 1C6 should be used. Hewever, it should be noted that the 1C6
requires additional filament current. The voltage applied to the anode-grid (No. 2) of
the 1A6 should not exceed the maximum value of 135 volts, but should always be
higher than the screen (grids No. 3 and No. 5) voltage. The anode-grid voltage may be
obtained from a suitable tap on the B battery or from the plate-supply tap through a
voltage-dropping resistor of 20000 ohms shunted by a by-pass condenser of 0.1 uf. The
size of the resistor in the grid circuit of the oscillator is not critical but requires design
adjustment, depending upon the values of the anode-grid voltage and of the screen
voltage. Adjustment of the circuit should be such that the cathode current is approxi-
mately 6 milliamperes. Under no condition of adjustment should the cathode current
exceed the recommended maximum value of 9 milliamperes.

The bias voltage applied to grid No. 4 can be varied over relatively wide limits
to control the translation gain of the tube. For example, with 67.5 volts on the screen
(grids No. 3 and No. 5), the bias voltage may be varied from —3 to plate current cut-off
(approximately —25 volts). With lower screen voltages, the cut-off point is propor-
tionately 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  TvrcaL penTaGRD convERTER CROUIT
in a parallel path with the capacity and inductance cf [FFmeor __ivee e or s
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 ppf. E‘* -
L

Converter circuits employing the 1A6 may easily bz s SRR s SRRV S
designed to have a translation gain of approximately 40. | §ERAL 0. ccensens
A typical circuit is shown which provides exceptionally esonc oot
uniform oscillator output over the entire grid-bias range. = GSCLEATOR o MotcTal
Refer to page 50 for details of oscillator coil assemblies. By= GO ATOR CAD LERK | 10 -2
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Type 1C6

PENTAGRID CONVERTER

The 1C6 is a multi-electrode type of
vacuum tube designed to perform simul-  <omomeamern Topcae
taneously the function of a mixer tube BOTTOM: MIEW,
and of an oscillator tube in superhetero-
dyne circuits. Through its use, the inde-
pendent control of each function is made possible within a single tube. The 1C6 is
designed especially fcr use in battery-operated receivers. In such service, this tube
replaces the two tubes required in conventional circuits and gives improved perform-
ance. It is especially usetul in multi-range receivers which are often designed to cover
frequencies as high as 90 megacycles. For general discussion of pentagrid types, see
FREQUENCY CONVERSION, page 292.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). oo oo 2.0 Volts
FILAMENT CURRENT. . .« ettt iiee e ieaienaeeee e 0.120 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate. . ..... With shield—cang ........ 0.3 uuf
Grid No. 4 to Grid No. 2 (With shield-can)........ 0.3 uuf
Grid No. 4 to Grid No. 1 (With shield-can)........ 0.15 uuf
GridNo. 1to GridNo. ©....ovvi v, 1.5 uuf
Grid No. 4 to all other Electrodes gR-F input)....... 10 uuf
Grid No. 2 to all other Electrodes (Osc. output). . .. 6 uuf
Grid No. 1 to all other Electrodes (Osc. input). . ... 6 uuf
Plate to all other Electrodes (Mixer output)......... 10 uuf
BuLB (For dimensions, see Page 151, Fig. 7)................... ST-12
L Small Metal
BASE......... ¢ eimi s e o momnd & momin, § o szoami 5 8 nnsns » 0 3 wom Small 6-Pin
Converter Service
TN | FAV o] VX 1N 180 max.  Volts
SCREEN VOLTAGE (Grids No. 3and 5).............. 67.5max. Volts
ANODE-GRID VOLTAGE (Grid No. 9). . ............. 135 max.  Volts
ANODE-GRID VOLTAGE SUPPLY* ... . .iie it 180 max.  Volts
CONTROL GRID VOLTAGE (Grid No. 4). ............ —3min.  Volts
TOTAL CATHODE CURRENT. ... ivvr e vvneeereee 9 max. Millismperes
TypiICAL OPERATION
Plate Voltage . . .. .........oovveiiin... 135 180 Volts
Screen Voltage. .. ........coovivvnnn... 67.5 67.5 Volts
Anode-Grid Voltage Supply ............ 135* 180* Volts
Control Grid Voltage. .. ............... -3 -3 Volts
Oscillator Grid Resistor (Grid No. 1)..... 50000 50000 Obhms
Plate Current........covvvevieininnnnn. 1.3 1.5 Milliamperes
Screen Current (Approximate)............ 2 4 Milliamperes
Anode-Grid Current. . .........coooo.e. 2.6 3.3 Milliamperes
Oscillator Grid Current. . ... cvvnvnn ... 0.2 0.2 Milliampere
Total Cathode Current (Approximate). . ... 6.5 7 Milliamperes
Plate Resistance. .........coovevienne.an 0.55 0.75 Megohm
Conversion Conductance. ... ............ 300 395 Micromhos
Conversion Conductance (At —14 volts on
GridNo. 4). .o 4 4 Micromhos

Applied through 20000-ohm dropping resistor.

The mutus} conductance of the oscillator portion (not oscillating) of the 1C6 is 1000 micromhos under the
following conditions: Plate voltage, 135 to 180 volts; screen voltaac, 67.5 volts; anode-grid voltaS‘c (no voltage-
dropping resistor), 135 volts; and zero oscillator grid volts. Under these same conditions, the anode-grid
current is 4.9 milliamperes.
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INSTALLATION
Refer to INSTALLATION on Type 1A6

APPLICATION

As a frequency converter in superheterodyne circuits, the 1C6 can supply the local
oscillator frequency and at the same time mix it with the radio-input frequency to provide
the desired intermediate frequency. For this service, design information is given under
CHARACTERISTICS. It Is important to note that the anode-grid voltage and the plate
voltage must each be higher than the screen voltage.

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

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

The maximum conversion transconductance is obtained with an oscillator-grid current
of slightly less than 0.2 milliampere. The size, inductance, and coupling of the oscillator-
grid and plate coils will determine this value. The coupling of these coils should be
adjusted to make the oscillator-grid current the proper value (approximately 0.2 milli-
ampere) when a grid condenser of 250 uuf and a grid leak of 50000 ohms are used.
Refer to page 50 for details of oscillator-coil assemblies.

OPERATION CHARACTERISTICS AVERAGE CHARACTERISTICS
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Type 2A3

POWER AMPLIFIER TRIODE

The 2A3 is a three-electrode, high-
vacuum type of power amplifier tube for
use in the power-output stage of a-c op- BOTIOM VIEW
erated receivers. The exceptionally large
power-handling ability of the 2A3 is tgc
result of its design features. Amone 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 festure provides a very large effective cathode
area and thus makes possible the desirable characteristics of the 2A3.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C. or D.C). v vvveenennn .. 2.5 Volts
FILAMENT CURRENT. ... .ovvunnn. RS § SR T R S 2.5 Amperes
GRID-PLATE CAPACITANCE. ... veveveinerenninneeenns 13 puf
GRID-FILAMENT CAPACITANCE . « v e vvvrerennnnneen. 9 unf
PLATE-FILAMENT CAPACITANCE . .« o vveveennennnnn 4 puf
BuLB (For dimensions, see Page 151, Fig. 13).......ccvuvnnnn.. ST-16
BASE . ¢ i itiiiit it i e et e et et Medium 4-Pin
As Single-Tube Class A Amplifier
FILAMENT VOLTAGE (A . C)evieevveie i ns 2.5 Volts
PUATE VOLTAGE: agir555%) ¢ 60400 34 AAMES5 SO0 454805 3 250 max.  Volts
GRID VOLTAGE®. . o« cvvavcvsisvransssavsssssanins —45 Volts
PLATE CURRENT coss 6 simaias s sismss s witges s msioss pase s s 60 Milliamperes
PLATE RESISTANCE .+ v v e vt v eeeeaiennennnnrnnecens 800 Ohms
AMPLIFICATION FACTOR. .. vt v v vvinnennnnennnenann 4.2
MUTUAL CONDUCTANCE . .t ttvveerennnnnncnnccnns 5250 Micromhos
LOAD RESISTANCE  « « v0660 5w s siwrains o pisiwims s wiws o 55 2500 Ohms
SELF-BIAS RESISTOR. vt iiiiiieinneeeeeannaaanns 750 Ohms
UNDISTORTED POWER OUTPUT. . oo eveievnnenannanen 3.5 Watts
As Push-Pull Class AB Amplifier (Two Tubes)
Fixed-Bias Self-Bias
FILAMENT VOLTAGE(A. C)..ovvvvvvevenen 2.5 2.5 Volts
PLATE VOLTAGE (Meaximum)............... 300 300 Volts
GRID VOLTAGEY . cxw s s smmas simess wiys 455 8 —62 —62 Volts
SELF-BIAS RESISTOR. oo v i v v iveeiieinnnnnns — 750 Ohms
PLATE CURRENT (Per tube).......ccvvennnen 40 40 Millismperes
LOAD RESISTANCE (Plate-to-plate)........... 3000 5000 Ohms
TOTAL HARMONIC DISTORTION. ..o cvtnnn. 2.5 5 Per cent
POWER OUTPUT v vvvvevireeennnenneaannn 15 10 Watts

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

INSTALLATION

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

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

The values recommended for push-pull operation are different than the conven-
tional ones usuaslly given on the basis of characteristics for a single tube. The values
shown for Push-PulF Class AB operation cover operation with fixed-bias and with
self-bias, and have been determined on the basis of no grid current low 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—59250 micromhos. This very high value makes the 2A3 some-
what critical as to grid-bias voltage, since a very small bias-voltage change produces: 4
very Iar%e 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 (%) 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 recom-
mended. 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 2A5

POWER AMPLIFIER PENTODE

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

CHARACTERISTICS
HEATER VOLTAGE (A. C.or D.C).ovvvvniinnn.n. 2.5 Volts
HEATER CURRENT . ..o v vt ieveveeereeneeieeinnnns 1.75 Amperes
BuLB (For dimensions, see Page 151, Fig. 11).................. ST-14
2 NI I I T Medium 6-Pin

As Single-Tube Class A Amplifier

Pentode Connection  1riode Connection
Screen tied to plate

PLATE VOLTAGE. ... vi i eiiieians 250 max. 250 max.  Volts
SCREEN VOLTAGE. .+ o vivveinveanns 250 max. — Volts
GRIDVOLTAGE. . v vviieieeeianns —-16.5 —90 Volts

PLATE CURRENT. . ...vvveireeeaanns 34 31 Milliamperes
SCREEN CURRENT . . o ovvtieieneannnn 6.5 — Milliamperes
PLATE RESISTANCE . « v vvvvvecenvnnn. 100000 approx. 2700 Ohms
AMPLIFICATION FACTOR. .. .. . 290 approx. 6.2

MUTUAL CONDUCTANCE. .. .. cvvvennn 2200 2300 Micromhos
LOAD RESISTANCE .+« v ivieeneaanns 7000 3000 Ohms
TOTAL HARMONIC DISTORTION. .. ..... 7 5 Per cent
POWER QUTPUT. . .o oo ieieaanns 3 0.65 Watts

As Push-Pull Class AB Amplifier (Triode Connection)

Screen tied to plate

Fixed-Bias Self-Bias

PLATE VOLTAGE. .. .o oo vveiiiianees 350 max. 350 max. Volts
GRID VOLTAGE. .+« e vvieviieenennns —38 — Volts
SELF-BIAS RESISTOR. ... oo vvveeevnannn — 730 Ohms
ZERO-SIGNAL PLATE CURRENT (Per tube) 21 21 Milliamperes
LOAD RESISTANCE (Plate-to-plate). . . ... 8000 8000 Ohms
TOTAL HARMONIC DISTORTION. . . .. ... 5 5 Per cent
Power OUTPUT (2 tubes). . ...vvenn.. 18* 15+ Watts

* With one 2A5 driver (connected as tricde) at plate voltage of 250 volts; grid voltage, — 20 volts) and plate
load, approximately 2: ohms. [nput transformer ratio, primary to one-haif secondary is 1.6.

t With one 2AS5 driver (connected as trlode? at plate voltage of 250 volts; srid voltage, — 20 volts; and plate
load, spproximstely 25200 ohms. Input transformer ratio, primary to one-half secondary, is 1.14.

INSTALLATION

The base pins of the 2AS 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.
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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 operate the heater at this recommended value
for full-load operating conditions at average line voltage.

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

APPLICATION

As a Class A power-amplifier pentode, the 2A5 may be used either sinEgRI{ or in
rush-pull. Recommended operating conditions are given under CHARACTERISTICS.
f 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 Le approximately one-half that for a single tube.

As a Class A power-amplifier triode, the 2A5 may be used either singly or in push-
pull. 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 o Class AB power-amplifier triode, the 2A5 should be operated s shown under
CHARACTERISTICS. The values shown cover operation with fixed-bias and with
self-bias, and have been determined on the basis of some 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.

Self-bias resistors should be shunted by a filter network to avoid degeneration at
the low audio-frequencies. The filter network may be omitted for push-pull Class A
pentode and Class A triode service.

The type of input coupling used should not introduce too much resistance 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 percent 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 CHARACTERISTICS
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Type 2A6

DUPLEX-DIODE HIGH-MU
TRIODE

The 2A6 is a 2.5-volt heater type of
tube consisting of two diodes and a
high-mu triode in a single bulb, It is for BOTTOM VIEW
use as a combined detector, amplifier, and
automatic-volume-control tube in a-c re-
ceiver:gdesigned for its characteristics. For diode-detector considerations, refer to
page 19.

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD. C).oovviivvieanne. 2.5 Volts
HEATER CURRENT . vt v eie e veeeerennneaeninnens 0.8 Ampere
GRID-PLATE CAPACITANCE. ... vovvveerveeinnnannns 1.7 ppf
GRID-CATHODE CAPACITANCE .+« vvvvvveineeeinnns 1.7 ppf
PLATE-CATHODE CAPACITANCE. + «ovvveeeneeennnns 3.8 puf
BuLs (For dimensions, see Page 151, Fig. 7)........ccoovvnnn.. ST-12
L Small Metal
BASE .« ittt e e e Small 6-Pin

Triode Unit—As Class A Amplifier
PLATE VOLTAGE. vttt it ieseteieenanaaensnnn 250 max. Volts
GRID VOLTAGE. «« vt vievereeinnerieanneneanns -9 Volts
AMPLIFICATION FACTOR. . ..o v et v nvnenns 100
PLATE RESISTANCE . oot iiit s iiieieeirrannnnenns 91000 Ohms
MUTUAL CONDUCTANCE . + 4 v eveienennnnnnnnnnns 1100 Micromhos
PLATE CURRENT . . ottt iiie i eii e ieeiennanens 0.8 Milliampere

Diode Units

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

INSTALLATION
The base pins of the 2A6 fit the standard six-contect socket which may be installed
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 outstanding differ-
ence, however, is that the 2A6 has a high-mu triode. For this reason, the tube is recom-
mended for use only in resistance-coupled circuits. Furthermore, diode-biasing of the
triode unit is not suitable because of the probability of triode plate-current cut-off, even
with relatively small signal voltages applied to the diode circuit.

As an amplifier in resistance-coupled a-f circuits, the 2A6 may be operated under
the conditions given on page 150. A family of average plate characteristics curves
applicable to this type will be found under type 75.
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Type 2A7

PENTAGRID CONVERTER

The 2A7 is & multi-electrode type of ,
vacuum tube designed to perform simul- “GRID N4 -METAL T0P CaP
taneously the functions of & mixer (first BOTTOM: VIEW
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.orD. C)evvvveee e 2.5 Volts
HEATER CURRENT .« et vviiriveveieresvannneeenns 0.8 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate. ..... (With shield-can)........ 0.3 puf
Grid No. 4 to Grid No. 2 (With shield-can)........ 0.15 uuf
Grid No. 4 to Grid No. 1 (With shield-can)........ 0.15 uuf
GridNo.1toGridNo. @...........coovvnnn... 1.0 uuf
Grid No. 4 to all other Electrodes R-F input)....... 8.5 uuf
Grid No. 2 to all other Electrodes (Osc. output). . .. 5.5 uuf
Grid No. 1 to all other Electrodes (Osc. input). . . .. 7.0 uuf
Plate to all other Electrodes (Mixer output). . ....... 9.0 uuf
BuLs (For dimensions, see Page 151, Fig. 7).........ccvvuuune. ST-12
AP . ettt ittt ettt e e e e s Small Metal
B e s veur v 3 o 2 % S0 5 D S A AR G R Y IR R R N O AN Smal! 7-Pin
As Frequency Converter
PLATE VOLTAGE .« otieeeciiiiiee e iinieaeeenns 250 max. Volts
ScREEN VOLTAGE (Grids No. 3 and No. 5).......... 100 max.  Volts
ANODE-GRID VOLTAGE (Grid No. 2). . ... ovevve e 200 max.  Volts
ANODE-GRID VOLTAGE SuppLY (Grid No. 9)*........ 250 max. Volts
CONTROL GRID VOLTAGE (Grid No. 4). ............ —3min.  Volts
TOTAL CATHODE CURRENT ... .o oevieeneenaneennes 14 max.  Milliamperes
TypicAL OPERATION
Plate Voltage.. . .. .........oiiivnn. 100 250 Volts
Screen Voltage. .......... e 50 100 Volts
Anode-Grid Voltage. .. ................ 100 200 Volts
Control Grid Voltage (Minimum) ........ =1.5 -3 Volts
Oscillator Grid Resistor (Grid No. 1). . ... 10000 50000 Ohms
Plate: Gurrenit vemss o 3 s s o5 5 saw s s v s 5 5w 1.3 3.5 Milliamperes
Screen Current. . .oovevviiviiiiiiniann, 2.5 2.9 Milliamperes
Anode-Grid Current. . ................. 3.3 4.0 Milliamperes
Oscillator Grid Current. . ..o o oovvnn..n.. 1.2 0.7 Milliamperes
Cathode Resistor. .. ..cvvvviininnnnn. 150 300 Ohms
Plate Resistance. . ........ccoovivvnnnn.. 0.6 0.36 Megohm
Conversion Conductance. . .............. 350 520 Micromhos
Control Grid Voltage, Approximate (Con-
version conductance = 2 umhos). ...... —20 —45 Volts
* Voltages in excess of 200 volts require use of 20000-chm voltage-dropping 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 generally necessary to prevent intercoupling
between its circuit and the circuits of other stages.
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APPLICATION

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

For the oscillator circuit, the coils may be constructed according to conventional
design, since the tube is not particularly critical. The supply voltage 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 mifli-
amperes. The following tabulation gives suitable values for different voltages on the
electrodes.

PLATE VOLTAGE......oiviiiiniiinnininnnns 100 250 9250 Volts
SCREEN VOLTAGE (Grids No. 3 and No. 5).... 50 75 100 Volts
ANODE-GRID (No. 2) VOLTAGE........... . 100 100 250* Volts
GRID (No. 1) RESISTOR. .oe v e vireveennnenannas 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 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 uuf.

Converter circuits employing the 2A7 may easily be designed to have & translation
gain of approximately 60. A typical circuit is shown on page 50.

AVERAGE PLATE CHARACTERISTICS
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Type 2B7

DUPLEX-DIODE PENTODE

The 2B7 is a heater type of tube con-
sisting of two diodes and s pentode in a
single bulb. ltis recommended for service BOTIOM VIEW
as 8 combined detector, amplifier (radio-
frequency, intermediate-frequency or
audio-frequency), and sutomatic-volume-control tube in radio receivers. The 9B7 is
intended especially for use in a-c receivers having 2.5-volt heater supply. For diode-
detector 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 fexibility in circuit
arrangement and design. The pentode unit of the 2B7 provides a means for obtaining
high gain in the amplification of (1) the r-f or i-f input to the diode (s) or (2) the de-
modulated output of the diode ().

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD. C).oovviieniinnnnes 2.5 Volts
FEATER CCURRENT 64 5 & s s 5 5 wwvs s 0 mopv s 8 5 w60 6w o 8 s 0.8 Ampere
GRID-PLATE CAPACITANCE (With shield-can)......... 0.007 max.  ppuf
INPUT CAPACITANCE . .« e vt veevneenaaiannenaneneens 3.5 uuf
OUTPUT CAPACITANCE. « .. v v vrreeeeenennarnnnnenns 9.5 puf
BuULB (For dimensions, see Page 151, Fig. 7)....c.ovvunnneen. ST-12
(@ N -2 A Small Metal
I NI, T T TTTTTTTTTTTTNTTY Small 7-Pin

Pentode Unit—As Class A Amplifier
PLATE VOLTAGE.......... 100 180 250 250 max. Volts
SCREEN VOLTAGE. ........ 100 75 100 195 max. Volts
GRID VOLTAGE........... -3 -3 -3 -3 Volts
PLATE CURRENT........... 5.8 3.4 6.0 9.0 Milliamperes
SCREEN CURRENT.......... 1.7 0.9 1.5 2.3 Milliamperes
PLATE RESISTANCE. . ...... 0.3 1.0 0.8 0.65 Megohm
AMPLIFICATION FACTOR... 285 840 800 730
MUTUAL CONDUCTANCE... 950 840 1000 1125 Micromhos
GRID VOLTAGE (Approx.)* ~17 -13 -17 -1 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 (0.75-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to type 2A5.
Complete shielding of detector circuits employing the 9B7 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 automatic-
volume-control, detection, and amplification.
For detection, the diodes of this tube may be utilized in a full-wave circuit or in
a half-wave circuit. In the latter case, one plate only or the two plates in parallel may
be employed. The use of the half-wave arrangement will provide 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 ampﬁﬁer 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. |n one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current flowing
through a resistor in the detector circuit. In another case, the required voltage. is ob-
tained 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. 'ﬁ'ne a.v.c. action may be
postponed by applying a negative voltage to the a.v.c. diode plate. Another awv.c.
arrangement capable of various adaptations is to use the pentode as a d-c amplifier to
supply the regulating voltage.

For 1-f or i-f amplification, the pentode unit of the 2B7 may be employed in conven-
tional circuit arrangements. It is designed so that its cut-off is somewhat extended to
permit of moderste gain control by grid-bias variation without introducing cross-
modulation effects. The cut-off point amf 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 voltage
applied to the screen should be limited to 125 volts for —3 volts grid-bias and to 900 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 obt:aine:d‘j 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 condi-
tions are given on page 150.

AVERAGE PLégﬁ_ &AmCTERISTICS
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MUTUAL CONDUCTANCE (3T} MICROMHOS

AVERAGE CHARACTERISTICS
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Type 573
FULL-WAVE RECTIFIER

The 5Z3 is a high-vacuum rectifier of
the full-wave type intended for supplying
rectified power to radio equipment hav-

ing very large direct-current require- BOTTOM VIEW
ments.
CHARACTERISTICS
FILAMENT VOLTAGE (AL /C.). svwss v s smvss s v o s 5.0 Volts
FILAMENT CURRENT. . .. ctttiiiri i cinenannnns 3.0 Amperes
A-C PLATE VOLTAGE PER PLATE(RMS). .. ... ..ttt 500 max. Volts
D-C OUTPUT CURRENT . . .o ovvieeeniiiii e reeennan 250 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 13).................. ST-16
BASE s 06 v s 5imss 5 simare s smisers 550 G E RIEE § W SR S 1 R Medium 4-Pin
INSTALLATION

The base pins of the 5Z3 fit the standard four-contact socket which should be mounted
preferably to hold the tube in a vertical position with the base down. If it is necessary
to place the tube in a horizontal position, the socket should be mounted with the
filament-pin openings either at the top or at the bottom so that the plane of each filament
is vertical. Only a socket making very good filament contact and capable of carrying
three amperes continuously should be used with the 573. Provision should be made
for adequate ventilation to prevent overheating.

The coated filament of the 573 is intended to oper-  orraTioN CHARACTERISTICS

ate from the a-c line through a step-down transformer. L] | I |
% i 2 E £=50 YOLTS.
Thz voltage applied to the filament tcrmnr‘nals shou!d- be —f: TR
the rated value of 5.0 volts under operating conditions \:-cao*i NPUT TOFWTER |
and average line voltage. The high current taken by the A £
filament makes it imperative that all connections in the || Lk, g
filament circuit be of low resistance and of adequate N 0 e
v . . N [
current-carrying capacity. ~J. 5%\ m;
""~-.. u
APPLICATION h - <
™ -
As a full-wave rectifier, the 5Z3 may be operated \“\‘*-»- 3003
with condenser-input or choke-input filter under condi- . s 5
tions not to exceed the rating given under CHARAC- o .Y 2003
TERISTICS. Filter circuits are discussed on page 28. 2
As a half-wave rectifier, one or more 5Z3’s may be s %

operated with plates connected in parallel. For ex- D-C LOAD MLLIAMPERES

ample, 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 are the same as for full-wave service.
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Type 6 A4

POWER-AMPLIFIER PENTODE

The 6A4 is a power-amplifier pentode
of the 6.3-volt filament type for use in the BOTTOM  VIEW
audio output of automobile radio receiv-
ers and in other receivers employing a
six-volt storage-battery filament supply. The 6A4 is interchangeable with type LA.

CHARACTERISTICS
FILAMENT VOLTAGE(A. C.orD. C). .. ... oeiet e 6.3 Volts
FAILAMENT CURRENT .« vt vt v eie e viiieeaeaanenannnnns 0.3 Ampere
PLATE VOLTAGE.......... 100 135 165 180 max.  Volts
SCREEN VOLTAGE......... 100 135 165 180 max.  Volts
GRID VOLTAGE*. ......... —-6.5 -9 —-11 —-19 Volts
PLATE CURRENT........... 9 14 20 99 Milliamgperes
SCREEN CURRENT. .. ..vvu.. 1.6 2.5 3.5 3.9 Milliamg eres
PLATE RESIST. (Approx.). .. 83250 52600 48000 45500 Obhms
AMPLIFI. FACTOR (Approx.) 100 100 100 100
MUTUAL CONDUCTANCE... 1200 1900 2100 2900 Micromhos
LOAD RESISTANCE. ........ 11000 9500 8000 8000 Ohms
TOTAL HAR. DISTORTION. . 9 9 9 9 Per cent
SELF-BIAS RESISTOR. .. ..... 615 545 470 465 Ohms
POWER OUTPUT........... 0.31 0.7 1.2 1.4 Watts
BULB (For dimensions, see Page 151, Fig. 11).................. ST-14
BASE . it e e i, Medium 5-Pin

* Grid volts measured from nesgative end of d-c opcratcd filament. [f the filament is a-c operated, the tabulated
velues of grid bias should each be increased by 4.0 volts and be referred to the mid-point of Alament.

INSTALLATION

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

The coated filament of the 6A4 is primarily intended for operation from a six volt
storage battery. 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 stage, the 6A4 is recommended either singly or in push-
pull combination. Transformer or impedance input-coupling devices are recommended.
If, however, resistance coupling is employed, the grid resistor should not exceed 0.5
megohm. A family of plate characteristics for the 6A4 is shown on page 42.
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Type 6A6

CLASS B TWIN AMPLIFIER

The 6A6 is a heater-cathode type of
tube combining in one bulb two high-mu
triodes designed for Class B operation. BOTIOM VIEW
The triode units have separate external
terminals for all electrodes except the
cathodes 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 A6 as a Class B amplifier in the output stage.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C). oo 6.3 Volts
HEATER CURRENT . vttt ieiiiie s nrcnnaneannns 0.8 Ampere
BuLs (For dimensions, see Page 151, Fig. 11).................. ST-14
BASE. ot e s Medium 7-Pin

Other characteristics of this type are the same as for the type 53,

INSTALLATION AND APPLICATION

The base pins of the 6A6 fit the seven-contact (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 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 additional 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 OPEl H YRIODE UNIT

OPERATION - EAC
TYPE 53 TYPE 6A6
EfF=2.5 VOLTS €E5=63 VOLTS
e
‘4“ 4
= =
o ‘x. y
§ 0 / //
.2
?‘. ® pd / ///
H
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d L~
A~ - L~ /J—z‘/
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2 = 055 o L-
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Type 6 A7
PENTAGRID CONVERTER

The 6A7 is a multi-electrode type of

taneously the functions of a mixer (first
detector) tube and of an oscillator tube
in superheterodyne circuits. Through the

/
vacuum tube designed to perform simul- % CHIDNEAMETAL 10RICAR
BOTTOM VIEW

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 29.

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD. C)evinvvi ... 6.3 Volts
HEATER CURRENT . .ottt ieieeceieeinnnarennsnns 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)

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

Grid No. 4 to Grid No. 2 (With shield-can)........ 0.15 puf

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

GridNo. 1Tto GridNo. 2...covvv i 1.¢ upf

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

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

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

Plate to all other Electrodes (Mixer output)......... 9.0 uuf
BuULB (For dimensions, see Page 151, Fig. 7)........covni.... ST-19
CAP....oveve AN Small Metal
BASE . e e Small 7-Pin

As Frequency Converter

PLATE VOLTAGE. e v viviieiiiiiiinn 250 max.  Volis
SCREEN VOLTAGE (Grids No. 3 and Ne. 5).. 100 max.  Volts
ANODE-GRID VOLTAGE (Grid Ne. 2)....... 900 max.  Volts
ANODE-GRID VOLTAGE SuppLY (Grid No. 2)* 950 max.  Volts
CONTROL GRID VOLTAGE (Grid No. 4)..... —3 min.  Volts
TOTAL CATHODE CURRENT. ...t vvvvnens 14 max.  Milliamperes
TypICAL OPERATION

Plate Voltage . v o oocoeeeniv ool 100 250 Volts

Screen Voltage. . .o.oovvvinvn.. 50 100 Volts

Anode-Grid Voltage. ... ............... 100 200 Volts

Control Grid Voltage (Minimum). ....... -1.5 -3 Volts

QOscillator Grid Resistor (Grid No. 1). ... 10000 50000 Ohms

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

Screen Current. . oo 2.5 2.9 Milliamperes

Anode-Grid Current. . ........ e 3.3 4.0 Milliamperes

Oscillator Grid Current. ... ... ... 1.2 0.7 Milliampere

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

Plate Resistance. . .............ccovv.... 0.6 0.36 Megohm

Conversion Conductance................ 350 5920 Micromhos

Control Grid Voltage, Approximate (Con-

version conductance 2 pmhos), .. ....... —-90 —45 Volts

Voltages in excess of 200 volts require use of 20000-ohm voltage-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 ?or full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 6A7 socket
should be connected directly across a 6-volt battery. In receivers that employ a series-
heater connection, the heater of the 6A7 may be operated in series with the heaters of
other types having a 0.3 ampere rating. The current in the heater circuit should be ad-
justed 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 6A7
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 fine 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
gesiglns, it should be by-passed by a suitable filter network or objectionable hum may

evelop.

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
TYPES 2A7 & 6A7

€ x GANGED TUNING GONDENSER
’{ -F (40 TO 350 ppf)
OUTPUT CjC2:CanCeiCr = 0. UF
T €32 0.00028 pf

C4% SEE TABLE BELOW
R| = 250000 OHMS, 0.1 WATT
c R2=10000-50000 OHMS , 0. WATT
Ry = OSCILLATOR-ANODE (GRID N2 2)
VOLTAGE ~DROPPING RESISTOR
R4= 150-300 OHMS, 0.l WATT
L R = SCREEN (GRIDS N2 38 5)FILTER RESISTOR
L = 60-MILLMENRY R-F CHOKE
T = 468-KC I1-F TRANSFORMER

GRID N24  GRIDN22  GRIDSNE3LS PLATE
BIAS SUPPLY  SUPPLY SUPPLY ~ SUPPLY
COIL-DESIGN DETAILS
FREQUENCY BAND
MEGACYCLES 015 TO 0.40 0.55 70 L5 157040 | 407010 | 10 TO 28

ASSEMBLY N2 1 ] 2 L _gl

—— [TURNS | WIRE % [TURNS| WIRE % Tuaffn WIRE B [TURNS]| WIRE % TURNS| WIRE % | TURNS| WIRE
RF COIL_ (L)) |42 [365Se| 116 |30SSE| 146 [32ENAM| 36.2 [30ENAM] 101 [30ENAM] 4.4

0Sc. GRID COR (L2) || 198 [36SSE| 80 |30 SSE| 92 [32EMAM] 30.9 [30ENAM| 9.7 [30ENAM] 4.3 [20E

OSC. PLATE COL (L3)]] 60 |36SSE| 30 | 30SSC| 20 [32ENAM| 2 |30ENAM| 12 [P6ENAM] 6 [36ENAM

OSC. TRACKING COND.(C4)l W7 LPF 400 P 1070 U 2900 puf | 7300 BUF
Ne Ne3

SINGLE-LAYER COILS SINGLE ~LAYER COILS
e

L I .
005 — I'—VBZ

_ N
T e | % L B2

GRIDN2IP g ! GRID N2 GRID NS I~ aTré0E B

{501

F

+ GRID N22
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Type 6B7

DUPLEX-DIODE PENTODE

The 6B7 is a heater gpe of tube con-
sisting of two diodes and a pentode in a
single bulb. It is recommended for service
as combined detector, amplifier (radio-
frequency, intermediate-frequency or
audio-frequency), and automatic-volume-control tube in radio receivers. The 6B7 is
especially suited for receivers of the 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.

BOTTOM VIEW

For diode-detector considerations, refer to page 19.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C). e 6.3 Volts
HEATER CURRENT ... eev et viiniitiieneeeennns 0.3 Ampere
GRID-PLATE CAPACITANCE (With shield-can).......... 0.007 max.  ppuf
INPUT CAPACITANCE . ..o ot eiie e ieiiaeeennns 3.5 uuf
OUTPUT CAPACITANCE. oo e e v e e e e e v veveeeenennnns 9.5 uuf
BuLB (For dimensions, see Page 151, Fig. 7).........cvvvvnnnn. ST-12
L@ - O Small Meta!
BASE . o ottt e e Small 7-Pin

Pentode Unit—As Class A Amplifier

PLATE VOLTAGE.......... 100 180 250 250 max.  Volts
SCREEN VOLTAGE......... 100 75 100 125 max.  Volts

GRID VOLTAGE........... -3 -3 -3 -3 Volts

PLATE CURRENT. .......... 5.8 3.4 6.0 9.0 Milliamperes
SCREEN CURRENT.......... 1.7 0.9 1.5 2.3 Milliamperes
PLATE RESISTANCE. . . ... .. 0.3 1.0 0.8 0.65 Megohm
AMPLIFICATION FACTOR. . . 285 840 800 730

MUTUAL CONDUCTANCE... 950 840 1000 1125 Micromhos
GRID BIAS VOLT. (Approx.)* —17 -13 —-17 —21 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 under type 92B7, page 45.

INSTALLATION
Refer to INSTALLATION on the type 6A7.

APPLICATION
Refer to APPLICATION on the type 2B7.
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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 re-
ceivers designed for its characteristics, es-
pecially those of the mobile type employ-
ing a 6-volt heater supply. In such service, this tube is capable of delivering a large
audio-frequency output voltage with relatively small input 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.

BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C). v oL L. 6.3 Volts
HEATER CURRENT . . vttt v e et e v aas 0.3 Ampere
PLATE VOLTAGE. .ot v v vieee et 100 950 max. Volts
SCREEN VOLTAGE. ..t vvtveieeeeeinnnnnnns 100 100 max.  Volts
GRID VOLTAGE®. ... ovii v -3 -3 Volts
SUPPRESSOR . « - e e et eteeee e e ieeeaeas Connected to cathode at socket
PLATE CURRENT. .. ..oie it n 2 2 Milliamperes
SCREEN CURRENT. .0t v v vvenveee e 0.5 0.5 Milliampere
PLATE RESISTANCE . « v v vvvvvveeeieneen s 1.0 Grester than 1.5 Megohms
AMPLIFICATION FACTOR. . . oot eee v n 1185 Greater than 1500
MUTUAL CONDUCTANCE. .« oo oo oviieennns 1185 1295 Micromhos
GRID VOLTAGE (Approximate)t............ -7 -7 Volts
GRID-PLATE CAPACITANCE (With shield-can). 0.010 max. uf
INPUT CAPACITANCE .+ vve e iieeeennn, 5.0 unf
OUTPUT CAPACITANCE. « .« o vcveeeeennn... 6.5 uuf
BuLB (For dimensions, see Page 151, Fig. 8)................... ST-12
L@ U Small Metal
BASE .« ottt e s Small 6-Pin

* |f a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm.
1 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 6A7.

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 obtaininithe 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 considersble vo tagbe ot 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.

[52]



RCA CunningHAM RADIOTRON MANUAL

In receivers employing a built-in loudspeaker, acoustic shielding may be necessary
to prevent microphonic ?eed-back when a strong radio-frequency carrier voltage is
present on the tube electrodes. [t should be noted also that condenser plates 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 {airly small radio-frequency signal input. Typical recommerded
conditions for the 6C6 as a biased detector are as follows:

PLATE SUPPLY ™. . .. ciiiereiinerersnnnnnccnins 250 250 250 250 Volts
SCREEN VOLTAGE. . ivvvivnienenrenrnnnnes 50 33 100 max 100 max Volts
GRID VOLTAGE. ....oovviiiiaeiiinniiinnnnns -2 -1.7 -3.9 =4.3 Volts
CATHODE RESISTOR. ..t vviviineiiiiinninnenns 3000 8000 4000 10000 Obms
SUPPRESSOR. ..civviiiiranne i . Connected to cathode st socket

CATHODE CURRENT (No signal) . 0.65 0.21 0.97 0.43 Milliampere
PLATE RESISTOR. ....vvvvviinnni i . 0.925 0.50 0.25 0.50 Megoha
BLOCKING CONDENSER. .............. . 0.03 0.03 0.03 0.03 uf

GRID RESISTORY ...vvvnevvnennnnnnn. .. 0.925 0.95 0.25 0.25 Mesohm

R-F SIGNAL RMS)**. .. vt 1.18 1.21 1.38 1.37 Volts

* Voltage at plate will be PLATE SUPPLY voltage less voltage drop in plate resistor caused by plate current.

1 For the following amplifier tube.

** \With these signal voltages modulated 209, the voltage output under each set of operating conditions is
17 peak volts at the grid of the following amplifier, a value sufficient to insure full audio output from a type 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 incieased
almost in inverse proportion to the modulation without resulting in objectionable distortion.

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 6C6
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 applica-
tions where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases eitﬁer 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
modulation-distortion. Recommended cperating 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; and
plate current, 7 milliamperes, approximate. I? 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.

AVERAGE PLATE CHARACTERISTICS

| R I —
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AVERAGE 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
in the radio-frequency and intermediate-
frequency stages of radio receivers de-
signed 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.

BOTTOM VIEW

CHARACTERISTICS
HEeATER VOLTAGE (A. C.orD. C)......... 6.3 Volts
HEATER CURRENT. . ..o iviii i iiin et 0.3 Ampere
PLATEVOLTAGE. ... oo oo iiieiiaane 100 250 max. Volts
SCREEN VOLTAGE. .. v v vt ieeeevaeaananns 100 100 max.  Volts
GRID VOLTAGE (Minimum). ............... -3 -3 Volts
SUPPRESSOR. « o et eeieeeeenaananennnnn Connected to cathode at socket
PLATE CURRENT. .. oot eeeieeeieeiiaanes 8 8.2 Milliamperes
SCREEN CURRENT. v v et ieveeeieaannannn 2.2 2.0 Milliamperes
PLATERESISTANCE. . v« o vvviviiiiiinenn 0.925 0.8 Megohm
AMPLIFICATION FACTOR. . . ..o 375 1280
MUTUAL CONDUCTANCE. .. .ovvveneennnn. 1500 1600 Micromhos
MuTtuAL CONDUCTANCE (At —40 volts bias) 10 10 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.010 max. nuf
INPUT CAPACITANCE. « oo vvieieeeeenens 4.7 uuf
OUTPUT CAPACITANCE. « e+ eveeereennnnnnn 6.5 puf
BuLB (For dimensions, see Page 151, Fig. 8)................... ST-12
LN AU Small Metal
BASE .« ottt e et 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 any position.

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

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. Furthermore, it
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should be noted that the use of a resistor in the screen circuit will have an effect on
the change in plate resistance with variation in suppressor voltage in case the suppressor
is utilized for contro! purposes.

The suppressor may 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 bleeder circuit for manual volume- and selectivity-
control, or from the drop in a resistor in the plate circuit of the automatic volume-
control 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 flexible adaptability to circuit combinations and to receiver design.
Recommended conditions for the 6D6 as an amplifier are given under CHARACTER-
ISTICS. Characteristics curves are given on page 54.

To realize the maximum benefit of the long “‘cut-off”" feature of this tube, it is neces-
sary 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
tathode 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 phe-
nomena. 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 simultaneously 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 control-
grid 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 intermediate-
frequency amplifier stage. -In addition, this gain can be controlled as in the case of the
radio-frequency amplifier by varying the grid bias either from a separate supply or from
a variable resistor in the cathode circuit. This is a particularly 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 super-
heterodyne mixer follow: Plate 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 S

The 6F7 is a heater type of tube com-  pewronedc
bining in one bulb a triode and an r-f "™
pentode of the remote cut-off type. Since .
these two units are independent of each ~ <*entooe cro-weTaL Tor car
other except for the common cathode, BOTIOM NIEW
the 6F7 may be adapted to circuit
design in several ways.

CHARACTERISTICS
HEATER VOLTAGE (A. C.orD. C). oo vievees 6.3 Volts
HIEATER (CURRENT «cvvvs sriwsne: ¢ + sonss & 5 ousms o ¢ 5 o 3 3 v 6 3 5 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES
Triode Unit—GridtoPlate. . ... ... 2.0 puuf
GridtoCathode . .. ............... 2.5 puf
Plate to Cathode. ................. 3.0 pef
Pentode Unit—Grid to Plate (With shield-can). .. ... 0.008 max.  puf
Input. oo 3.2 puf
Output. . oovveiiii e 12.5 puf
BuLs (For dimensions, see Page 151, Fig. 7)................... ST-12
CAP......... o S RDE o B o 5 EE fomdt o § o o] o § im0 5 & exo 0 8 8 o & & 8 5 Small Metal
BASE. « vttt e Smal! 7-Pin
As Amplifier
Triode Unit Pentode Unit
PLATE VOLTAGE........... 100 max. 100 250 max.  Volts
SCREEN VOLTAGE. .. ... ... — 100 100 max.  Volts
GRID VOLTAGE (Minimum). . -3 -3 -3 Volts
PLATE CURRENT. ........... 3.5 6.3 6.5 Milliamperes
SCREEN CURRENT.......... — 1.6 1.5 Milliamperes
AMPLIFICATION FACTOR. ... 8 300 900
PLATE RESISTANCE. . ....... 17800 260000 850000 Ohms
MutuaL CONDUCTANCE. . . . 450 1050 1100 Micromhos
MuTuAL CONDUCTANCE
(At =35 volts bias)...... — 9 10 Micromhos
As Frequency Converter
TyPICAL OPERATION Triode Unit Pentode Unit
Plate Voltage (Maximum)................ 100° 250 Volts
Screen Voltage. .................. e — 100 Volts
Grid Voltage. . ... .oooveeiii L, t —10* Volts
Oscillator Peak Voltage Input............ — 7 Volts
D-CGridCurrent.....ccooovvevnun. ... 0.15 0 Milliampere
D-C Plate Current. . ... e 92.41% 9.8 Milliamperes
ScreenCurrent. . ..., — 0.6 Milliampere
Plate Resistance. .. .....ooooveiina. .. — 2.0 Megohms
Conversion Transconductance. ........... — 300 Micromhos

© May be obtained from 250-volt source through 60000-0hm dropping resistor.
* Obtained by means of 1700-chm self-biasing (cathode) resistor.
t Obtained by 100000-0hm arid-leak resistor returned directly to cathode.

tt Oscillator conditions should be adjusted so that plate current does not exceed maximum of 4 milliamperes.
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INSTALLATION
Refer to INSTALLATION on type 6A7.

APPLICATION

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

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

AVERAGE P&.AIE CHAII$ACTER|5T|CS

TYPE 6F7
€¢= 63 VOLTS
SCREEN VOLTS=100

)
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240 320
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Type 1273
HALF-WAVE RECTIFIER

The 1273 is a half-wave, high-vacuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-c BOTIOM VIEW
power from an a-c power line. It is in-
tended for use in transformerless” re-
ceivers 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.orD. C). oo iiiii i1 12.6 Volts
HEATER CURRENT . .ottt iie e enenee e renaannans 0.3 Ampere
A-C PLATE VOLTAGE(RMS). . . oo eiiae 250 max.  Volts

PEAK INVERSE VOLTAGE. .o evv v iiiiieiiiannnanns 700 max. Volis

D-C OUTPUT CURRENT . & ¢ v overerencenerasansssons 60 max. Milliamperes
ButB (For dimensions, see Page 151, Fig. 6).........cocoovn... ST-12

2 7 SO Small 4-Pin

INSTALLATION

The base pins of the 1273 fit the standard four-contact 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 12.6-volt heater of the 1273 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 1273 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

1
APPLICATION B w 1

As a half-wave rectifier, the 12Z3 is particularly VR | e
useful in “transformerless™ receivers of the “universal "Reg® et | .
type. Conditions for this service are given under A e
CHARACTERISTICS. R eeseend, | |2

A filter of the condenser-input type is recommended Do i
for use with this tube in order to obtain a d-c output 2
voltage as high as possible. A large input capacitance ?_
in the order of 16 uf is desirable. Typical output curves [wedo I |, ” 180 @
for several values of input condensers are shown in the [=F=fF=F=r Frmr 3
accompanying diagram. As a supplement to the curves ik o &
with an a-c input voltage, a dashed curve is included
to show the output when the receiver is operated from .

s o 36750 60
a d-c power line. D-C LOAD MILLIAMPERES
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Type 2525

RECTIFIER-DOUBLER

The 2575 is a full-wave, high-vacuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-c BOTIOM' VIEW
power from an a-¢ power line. This tube
is of particular 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 about twice the d-c output voltage obtainable from the half-wave arrangement.
This two-fold application is made possible by the use of a separate base pin for each of
the two cathodes. For voltage-doubler considerations, see page 17.

The heater of this tube has been designed to facilitate economical 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 .+ e e vt eavnensinneannsnannnns 25 Volts
FIEATER CURRENT 5 ¢ s svwsma 5 s s 5 sowsm s s pomni s 6 5 ssm 6 5 0.3 Ampere
A-C VOLTAGE PERPLATE(RMS) . . .o iiiii i 125 max.  Volts
D-C OUTPUT CURRENT . 4 v it vvteveieiineecncenanes 100 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 6)................... ST-192
BASE .« ettt e e 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 varia-
tion without materiaﬁy affecting the performance or serviceability of this tube. The
curent 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 uf is desirable for half-wave rectifier service, while a higher value is ad-
vantageous 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 rat-
ing (sufficient only for the line voltage).

APPLICATION

As a half-wave rectifier, the 2575 is designed for service in “transformerless” re-
ceivers of the “universal” type. In such service, the two plates are connected together
at the socket in order to act as a single plate; Ilikewise, 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 volts e-doublin? 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
HALF-WAVE RECTIIER VOLTAGE DOUBLER
T T 1 1 1 4
TYPE 2575 T TYPE 2525
- E4=25 VOLTS | €¢=25 VOLTS
1
INPUT vOLTS CURVE — SEE cmcuﬂﬂ
2%y S—— sELow
] «
i} o
R . g
AN £ & 1aof
== 1201 240
NS EN NN 3
L, * - Lir)
\\ o, 0™ NN DA oo
lQ' ), 5 (d k 4
Pby o §
>
v 0
40 )y x

0 40 120
0~C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES

VOLTAGE-DOUBLER CIRCUIT

TYPE
2525

wy | o d

1l
"
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R=HEATER VOLTAGE REDUCING RESISTOR
C= CONDENSER FILTER
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Type 01-A

@Qunninqham

@

DETECTOR, AMPLIFIER

The 01-Ais a three-electrode storage-
battery tube for use as a detector and as’

an amplifier.
CHARACTERISTICS

FILAMENT VOLTAGE(D. C). ot vvee e ecieeeees 5.0
FILAMENT CURRENT . . .ottt iiieeneeannnnnns 0.25
PLATE VOLTAGE. .« e e i ivviieeieaeiinnnnns Q0 135 max.
GRID VOLTAGE . .. v e eveveeeiieenenanncns —4.5 -9
PLATE CURRENT . . v vt e eveeieeveaennannns 2.5 3.0
PLATE RESISTANCE. .« o cvveeeeeciinnnnnns 11000 10000
AMPLIFICATION FACTOR. . . ..ovvv e 8 8
MUTUAL CONDUCTANCE. .+ v v vivneevvnnnn 795 800
GRID-PLATE CAPACITANCE. . ... vveennn.. 8.1
GRID-FILAMENT CAPACITANCE. . .o vvevvnnn 3.1
PLATE-FILAMENT CAPACITANCE. .« vvvvvnn. 2.2
BuLs (For dimensions, see Page 151, Fig. 11)..c.cvvvvvrnnnn...
BASE .+ vttt ettt et e et

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.

BOTIOM  VIEW

Volts
Ampere
Volts

Volts
Milliamperes.
Ohms

Micromhos
puf
puf

nuf
ST-14

Medium 4-Pin Bayonet

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 an amplifier, the 01-A should be operated as shown under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS

T T
TYPE OI-A
E¢=5.0 VOLTS D.C.
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Type 1-v
HALF-WAVE RECTIFIER

The 1-v is a half-wave, high-vacuum
rectifier tube employing a heater cathode.
It is intended for use in radio equipment BOTTOM VIEW
of either the “universal” or the automo-
bile type designed for its characteristics.

The low voltage drop of this tube makes it uniquely adapted to such service. The 1-v is

interchangesble with type 1.

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD. C).vvvviiininaott. 6.3 Volts
FIEATER CURBERIT o « v s 3 s 5.5 sy v 5 ssos 5 sisssns 0.3 Ampere
A-C PLATE VOLTAGE(RMS). . .o e v viiiiieininnanns 350 max. Volts

PEAK INVERSE VOLTAGE. ..ot vieeerererennnnanenans 1000 max. Volts

D-C OUTPUT CURRENT . « e eveveennceaanranananenns 50 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 6)................... ST-12

=7 O 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 plste 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.

If the condenser-input type of filter is used, con- OPERATION CHARACTERISTICS
sideration must be given to the instantaneous peak :l :;iﬁ%im '
value of the a-c input voltage which, for a sinusoidal FrréR ConpeNsER=C
wave, is about 1.4 times the RMS value as measured

ol

|INPUT VOLT:
RMS

E>as0

by [>300

d8u l

with an a-c voltmeter. It is important, therefore, that
the filter condensers (especially the input condenser)
have a sufficiently high breakdown rating to with-
stand this instantaneous peak value. Particular attention
must be given to this point when the wave-shape

1|

3

£

-
-

w

/

Zét%
[T

D-C OUTPUT VOLTS AT INPUT TO FILTER

input to the plates of the rectifier tube is non- S

sinusoidal. RueE>200
When the input-choke method is used, the avail- el Jc=s

able d-¢ output voltage will be somewhat lower than 3 * N > o

with the input-condenser method for a given a-c plate Do NeuT ;

voltage. However, improved regulstion, together ]:

with lower pesk current, will be obtained. D-C LOAD MILLAMPERES
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Type 10

POWER AMPLIFIER,
OSCILLATOR

The 10 is a three-electrode, high-
vacuum tube suitable for use as an audio- BOTTOM  viEw
frequency amplifier in equipment de-
signed for its characteristics.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.orD. C). o vveeeen 7.5 Volts
FILAMENT CURRENT. . ...ttt ie e neeans 1.25 Amperes
PLATE VOLTAGE. . .............. 250 350 495 max.  Volts
GRID VOLTAGE*. o ..o —99 -31 -39 Volts
PLATE CURRENT. .o v vvoiee et 10 16 18 Millismperes
PLATE RESISTANCE. . ............. 6000 5150 5000 Ohms
AMPLIFICATION FACTOR. ......... 8 8 8
MuTuAL CONDUCTANCE. . ........ 1330 1550 1600 Micromhos
LOAD RESISTANCE. ..\ vvvvennn. .. 13000 11000 10200 Ohms
SELF-BIAS RESISTOR. . v vvvvvvvn... 2900 1950 2150 Ohms
UNDISTORTED POWER OUTPUT. . ... 0.4 0.9 1.6 Watts
GRID-PLATE CAPACITANCE . .. e ot 7 puf
GRID-FILAMENT CAPACITANCE . .+« o evvns. 4 ppf
PLATE-FILAMENT CAPACITANCE. ........... 3 uuf
BuLs (For dimensions, see Page 151, Fig. 14). ............... S$17
BASE. « vt it e e e e Medium 4-Pin Bayonet

* Grid voltages are given with respect to the mid-point of filament operated on a. ¢. If d. c. Is used, each
stated value of grid voltage should be decreased by 5.0 volts and should be referred to the negative end of

the filament.
INSTALLATION AND APPLICATION

The base pins of the 10 fit the standard four-contact socket which should be installed
to hold the tube in a vertical 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 as given under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS

. ADRVAREEEN
JRE/RVINAava
L Ay e’
b A VIS VIRVAR BT
AINAVRVINAVAVANAVIDAL
VAV AVINAV.. AVavINary
ﬂ/ 7 '/// /| a ///\Qo
o 4%{% it 600//‘1%6/ -

30
PLATE VOLTS
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Type 19 .

CLASSB TWIN AMPLIFIER o

The 19 combines in one bulb two
high-mu triodes designed for Class B
operation. lt is intended for use in the BOTTOM VIEW
output stage of battery-operated receivers
and is capable of supplying approximately
9 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). v v vciiiiiveenns 2.0 Volts
FILAMENT CURRENT .« .ot e viiiie e ianesennanns 0.926 Ampere
BuLB (For dimensions, see Page 151, Fig. 6).....cvvvveniinnn.. ST-12
BASE . ¢ i i, Small 6-Pin

PLATE VOLTAGE. « vt ti i i crveneiaeennannnernnn 135 max.  Volts
MAXIMUM SIGNAL PLATE CURRENT (Per plate)........ 50 max.  Milliamperes
TypICAL OPERATION
Plate Voltage. .. vovevvennnn.. 135 135 135 Volts
Grid Voltage.. ... ccvveennn... -6 -3 0 Volts
Zero-Signal Plate Current (Per Plate) 0.5 2 5 Milliamperes
Effective Load Resistance
(Plate-to-plate) ............. 10000 10000 10000 Ohms
Average Power Input (Approx.)* 95 130 170 Milliwatts
Power Output (Approximate). . 1.6 1.9 2.1 Watts

*Applied between grids to give indicsted 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 INSTALLATION for type 1A6.

APPLICATION

As g 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 biss. 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 stage and the power stage will be present in the output.
A discussion of Class B amplifier features is given on page 16.
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AVLRAGE PLATE CHARACTERISTICS
EACH _TRIODE UNIT
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Type 22
SCREEN-GRID RADIO-

FREQUENCY AMPLIFIER
The 99 is a screen grid tube designed 4 P

particularly for radio-frequency amplifice- IR vitw

tion in dry-battery-operated receivers em-

ploying 3.3-volt filament tubes.

CHARACTERISTICS

FILAMENT VOLTAGE(D. C). oo vvvcviiiiieiiinaean 3.3 Volts
FILAMENT CURRENT .+« s v v esevenssnscesosnnnannnnas 0.132 Ampere
PLATE VOLTAGE. .cvvvvureneresenerennans 135 135 max. Volts
SCREEN VOLTAGE .« v evvrvvirrnronnnnnninns 45*  67.5t max. Volts
GRID VOLTAGE. e vt vvvnrerennnsrseranans -1.5 —-1.5 Volts
PLATE CURRENT ..t vvneevnensneronnernns 1.7 3.7 Milliamperes
SCREEN CURRENT (Maximum). . ..vvevnnvnnn 0.6 1.3 Milliamperes
PLATE RESISTANCE . o v v vvvevecroncecnnennn 7925000 325000 Ohms
AMPLIFICATION FACTOR. . ..oovvvnvennnnn 970 160
MUTUAL CONDUCTANCE . v« evvevnnnssennss 375 500 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.02 max. uuf
INPUT CAPACITANCE. < coaveversassvennnnn 3.5 uuf
QUTPUT CAPACITANCE . . vvvvversrserens 10 uuf
BuLs (For dimensions, see Page 151, Fig. 12).................. ST-14
AP e ettt ettt anesesnsasassasasaeseaaerenanaesenan Small Metal
BASE . s vititiettearar ittt et i it Medium 4-Pin

* Maximum value of grid resistor is 5.0 megohms.

t Meximum velue of grid resistor is 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 vertical position. Cushioning of the socket may be
desirable to avoid microphonic disturbances.

The filament in this tube is designed for operation with three No. 6 dry cells con-
nected in series, or with multiples of three in series-parallel. [f storage-battery operation
is preferred, a four-volt storage battery may be used. In any case, a filament rheostat
should be provided to maintain the filament 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 screen-
grid or space-charge-grid connection. In either case, the value of plate-coupling
resistor should be of from 0.1 to 0.25 megohm. With the screen-grid arrangement, a
plate-supply voltage of 135 to 180 volts applied through the coupling resistor is recom-
mended. Under these conditions, a screen voltage of 22.5 volts and a negative grid
voltage of 0.75 to 1.5 volts are suitable. For the space-charge-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 O to 1.5 volts, depending upon conditions of operation.
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Type 24-A

SCREEN-GRID RADIO-
FREQUENCY AMPLIFIER

The 94-A is a screen-grid amplifier
tube of the heater-cathode type for use
primarily as a radio-frequency amplifier in
a-c receivers. The 24-A may also be used BOTTOM VIEW
asascreen-griddetectororaudio amplifier.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C) .o vvvvnn e 2.5 Volts
HEATER CURRENT . ..o vttt vt v eieieiiiinennnnnnnnns 1.75 Amperes
PLATE VOLTAGE™. ... i iiiiviiiiiiinenns 180 950 Volts
SCREEN VOLTAGE (Maximum). .......ouovune 90 90 Volts
GRID VOLTAGE . . oo vvvverreenrennnnnens -3 -3 Volts
PLATE CURRENT . ..t vt ee e iiiiie s ennnnns 4 4 Milliamperes
SCREEN CURRENT (Maximum)............... 1.7 1.7 Milliamperes
PLATE RESISTANCE . . v\ cvvvviviiiiiinnenn 0.4 0.6 Megohm
AMPLIFICATION FACTOR. . . .. ovvviivnnns 400 630
MUTUAL CONDUCTANCE. v vvivvvnnnnsn 1000 1050 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. uuf
INPUT CAPACITANCE. . ...t vvv e eeeeenns 5.3 uuf
QUTPUT CAPACITANCE. . oo vvvvevnnnenns 10.5 uuf
BuLB (For dimensions, see Page 151, Fig. 12).................. ST-14
COAP o & w5 ioomt ¢ 5 5 55 £ o § 20 5 § (SRR 6 £ % FUESH B § NSRU B B 6 WO £ 3 S 6 3 6 e Small Metal
BIASE 5 ¢ 5551 1 5 5 cone 55 5 0850 5 5 oo § 5 o s, o 2 om0 @ e § 0 manos 2 o omnsm § § 6 Medium 5-Pin
* Maximum plate voltage = 975 volts.
INSTALLATION

The base pins of the 94-A 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.

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 94-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 950 volts applied through a plate-coupling of
0.95 megohm, a screen voltage of 20 to 45 volts, and a nesgative grid bias of approximately
5 volts adjusted so that a plate current of 0.1 mi{liempere is obtained with no input signal.

As a screen grid audio-frequency amplifier in resistance-coupled circuits, the 24-A
may be operated under the following conditions: Plate-supply voltage of 250 volts, a
negative grid bias of 1.0 volt, a screen voltage of 25 volts, a plate current of 0.5 milli-
ampere (approximate), a plate load resistor of 0.1 to 0.25 megohm, and a grid resistor
of 0.52 to 2.0 megohms.

A plate family for this type is given on page 66.
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Type 26

AMPLIFIER

The 26 is an amplifier tube containing
a filament designed for operation on
alternating current. This tube is for use as BOTTOM  VIEW
an r-f or a-f amplifier in equipment de-
signed for its characteristics. The 26 is not ordinarily suitable for use as a detector
or power output tube.

CHARACTERISTICS
FILAMENT VOLTAGE(A. C.orD. C). oo vveeeen e 1.5 Volts
FILAMENT CURRENT. .« . vveeeieinie e ceinranenenans 1.05 Amperes
PLATE VOLTAGE., .« evviviennnnn 90 135 180 max. Volts
GRID VOLTAGE*. . o .veeevvveannn -7 —10 —-14.5 Volts
PLATE CURRENT. . v vt eeeevennnnnn 2.9 5.5 6.2 Milliamperes
PLATE RESISTANCE. ...cvvvnunnnn. 8900 7600 7300 Ohms
AMPLIFICATION FACTOR. ......... 8.3 8.3 8.3
MUTUAL CONDUCTANCE. ....vv... 935 1100 1150 Micromhos
GRID-PLATE CAPACITANCE. .. .ovvvvnannns 8.1 uuf
GRID-FILAMENT CAPACITANCE. . .0 vvvvvnnnn 2.8 puf
PLATE-FILAMENT CAPACITANCE. .. ......... 2.5 puf
BuiB (For dimensions, see Page 151, Fig. 11).................. ST-14
BASE .+ttt titt it e i Medium 4-Pin

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

INSTALLATION AND APPLICATION

The base pins of the 96 fit the standard four-contact socket, which should be installed
to hold the tube in a vertical position.

The coated 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
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Type 27
DETECTOR, AMPLIFIER

The 27 is a three-electrode general
purpose tube of the heater-cathode type

for use as an amplifier and detector in a-c BOTIOM VIEW
receivers.
CHARACTERISTICS

HEeATER VOLTAGE(A. C.orD. C).ovvvviiiiinnnnns 2.5 Volts
HEATER CURRENT: s 4 s s wiwiv s s mwas s wima s o s wiwrs o8 wunw s 8 1.75 Amperes
PLATE VOLTAGE*......... 90 135 180 250 Volts
GRID VOLTAGE}..o.vvvens -6 -9 -13.5 —21 Volts
PLATE CURRENT........... 2.7 4.5 5.0 5.2 Milliamperes
PLATE RESISTANCE. . ...... 11000 9000 9000 99250 Ohms
AMPLIFICATION FACTOR. . . 9 9 9 9
MuTuAL CONDUCTANCE... 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE. 3.3 uuf
GRID-CATHODE CAPACITANCE 3.1 uuf
PLATE-CATHODE CAPACITANCE 2.3 puf
ButB (For dimensions, see Page 151, Fig. 6)........cooovun.... ST-12
BASE .« vt vt tte et tae et e e bt e e Medium 5-Pin

* Maximum plate voltage = 275 volts.
t Maximum value of grid—coupling resistor is 1.0 megohm.

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 stages of
areceiver. Recommended plate and grid voltages are shown under CHARACTERISTICS.

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 grij leak of from 1 to 5 megohms usej with a grid condenser of 0.0009254f 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 battery- BOTTOM VIEW
operated radio receivers where economy
of filament-current drain is important.

CHARACTERISTICS
FILAMENT VOLTAGE(D. €t iiviviienecnnnnvnnns 2.0 Volts
FILAMENT CURRENT. . o vttt veeeveinnenecnanaennnns 0.060 Ampere
GRID-PLATE CAPACITANCE. «vvesvnvneeanneneennnnns 6.0 puf
GRID-FILAMENT CAPACITANCE . + v e evevveneennacnnns 3.0 upf
PLATE-FILAMENT CAPACITANCE. + v v evevvrvnnnnnesns 2.1 puf
BuULB (For dimensions, see Page 151, Fig. 6)...covcvvrveeneennnn ST-12
BASE .« it e e e e Small 4-Pin
As Class A Amplifier
PLATE VOLTAGE. .. evvvvvennnnn. 90 135 180 max. Volts
GRID VOLTAGE. v e eeivevvvennnn —4.5 -9 -13.5 Volts
PLATE CURRENT . . vt vevevennnnn, 2.5 3.0 3.1 Milliamperes
PLATE RESISTANCE . . .. cvvvvnnn.. 11000 10300 10300 Ohms
AMPLIFICATION FACTOR.......... 9.3 9.3 9.3
MuTuAL CONDUCTANCE.......... 850 900 900 Micromhos
As Class B Amplifier
PLATE VOLTAGE. .ottt iiiiitiiireennnnenannnnnns 180 max.  Volts
MAXIMUM-SIGNAL PLATE CURRENT. « v v e vvvnvinnnnn 50 max.  Milliamperes
ZERO-SIGNAL PLATE CURRENT (Per tube)....oovvvnnn. 1.5 max. Milliamperes
TyPICAL OPERATION (2 tubes)
Plate: Voltage: « « sesis o s v o wsswrn » 5 5w 5 5 sowsn s 5 o 157.5 Volts
Giid Voltage: « : s o s sivwes s soomn s 5 5,595 ¢ 5 058 4 § b —-15 Volts
Zero-Signal Plate Current (Pertube)............... 0.5 Milliampere
Effective Load Resistance (Plate-to-plate)...... erees 8000 Ohms
Power Output, Approximate (2 tubes)*............ 2.1 Watts

*\With one type 30 as driver operated under the following conditions: Plate voltage, 157.5 volts, negative
grid bias voltage, 11.3 volts; plate load of approximately 18000 ohms; and input transformer ratio (primary to
one-half secondary), 1.165: Total 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 Alament 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 battery 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 operation of the filaments of these tubes is not recommended.

APPLICATION

As a detector, the 30 may be operated cither 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 uf is satis-
factory. 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 spplicable to the audio- and the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages should be deter-
mined from the CHARACTERI?TICS and the curves in order to obtsin optimum per-
formance and 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
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Type 31

POWER AMPLIFIER

The 31 is a power-amplifier tube of
the three-electrode type for battery- BOTIOM VIEW
operated radio receivers where economy
of filament-current drain is important.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.). oo i et iiians 2.0 Volts
FILAMENT CURRENT. . . oottt veenetoennnnnnennnanses 0.130 Ampere
PLATE VOLTAGE. .. vt ieeerriinninaannnns 135 180 max. Volts
GRID VOLTAGE. v evevvieerenenntneennnn —~99.5 -30 Volts
PLATE CURRENT. ... vvevveie e iinaeeenns 8.0 12.3 Milliamperes
PLATE RESISTANCE . + v v vvvvviiiaeenannnnns 4100 3600 Ohms
AMPLIFICATION FACTOR. . . ..ovieveeennens 3.8 3.8
MUTUAL CONDUCTANCE. .+ ot vveverannnnns 925 1050 Micromhos
LOAD RESISTANCE. ..ot v v v cveainnnnannnne 7000 5700 Ohms
SELF-BIAS RESISTOR. .. vvvvvevineneennneenn 2815 2440 Ohms
UNDISTORTED POWER QUTPUT.............. 0.185 0.375 Watt
GRID-PLATE CAPACITANCE. . .. 0acenonenn-- 5.7 puf
GRID-FILAMENT CAPACITANCE. . ..o oottt 3.5 uuf
PLATE-FILAMENT CAPACITANCE . s o et evennn 2.7 uuf
BuLB (For dimensions, see Page 151, Fig. 6)................... ST-12
BASE . o o it e e e e Small 4-Pin
INSTALLATION
Refer to INSTALLATION on type 30.
APPLICATION

As a power amplifier, the 31 should be operated as shown under CHARACTERISTICS.
Grid voltage may be obtained from a C-battery, or by means of a self-bias resistor con-
nected 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 parallel or push-pull connection.

AVERAGE PLATE CHARACTERISTICS
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Type 32

RADIO-FREQUENCY AMPLIFIER

The 32 is a screen-grid tube recom- /
mended primarily for use as a radio- £ v CRO-WETRL 0 CAP
frequency amplifier in battery-operated BOTTOM VIEW
radio receivers where economy of fila-
ment-current drain is important.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). o oeciieiieiiinennaenns 2.0 Volts
FILAMENT CURRENT . . v vttt i vivennvinnntvonnnananss 0.060 Ampere
PLATE VOLTAGE. ..ot viieiievrninnnennn 135 180 max. Volts
SCREEN VOLTAGE (Maximum).............. 67.5 67.5 Volts
GRID VOLTAGE .t ee v veirnesiannnesinnns -3 -3 Volts
PLATE CURRENT. .. o vereeeirenccennnenns 1.7 1.7 Milliamperes
SCREEN CURRENT (Maximum). ..oo.vvvvnnnn. 0.4 0.4 Milliampere
PLATE RESISTANCE . -« e v veeienenvnnnnenns 0.95 1.2 Megohms
AMPLIFICATION FACTOR. . . oiveieiannnnn 610 780
MUTUAL CONDUCTANCE. .« .vvvvevennnnns 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.015 max. puf
INPUT CAPACITANCE . + .ot vveneeaennnns 5.3 uuf
QOUTPUT CAPACITANCE . .« o ovvveenennens 10.5 puf
BuLB (For dimensions, see Page 151, Fig. 12)........covvnnn... ST-14
AP ettt tts it inctsetesosensesosesansesnnssesnnnncannns Small Metal
BAGE . ¢ vttt et ittt et it ea e e e 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 satisfactory 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 high-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 CHARACTERIS-
TICS. 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 & 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
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equivalent impedance; screen voltage, 67.5 volts; and a negative grid bias (approxi-
mately 6 volts) adjusted so that a plate current of 0.2 milliampere is obtained with no
input signal. For grid leak and condenser detection, suitable operating conditions are:
Plate-supply voltage, 135 volts applied through a plate-coupling resistor of 0.1 megohm
or an eqfuivalent impedance; screen voltage up to 45 volts; grid condenser of
0.00025uf; and grid leak of 1 to 5 megohms.

In designing circuits to use the 32 as o 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 oper-
ated under the following conditions: Plate-supply voltage, 180 volts applied through
a plate-coupling resistor of 0.1 to 0.25 megohm (or a 500-henry choke shunted by a
0.25 megohm resistor); screen voltage, 25 volts; plate current, 0.25 milliampere (approxi-
mate); grid voltage, —1 volt; and a grid resistor, 0.95 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 battery-
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. Further-
more, this tube has the design feature of greater amplification than is possible in a three-
electrode amplifier tube without serious sacrifice in power output,

BOTIOM VIEW

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). o ovvvveiiiiiiiiieaans 2.0 Volts
FILAMENT CURRENT . . et tteiitenenerivecncenanas 0.9260 Ampere
PLATE VOLTAGE. ..o vvvvt e ieiieeeinnnens 135 180 max.  Volts
SCREEN WOLTAGE. . e vveeeeeiiieneennns 135 180 max. Volts
GRID VOLTAGE. ..t vveeeecinennennnn —-13.5 —18 Volts
PLATE CURRENT. .« o e civveeeeaneceanenen 14.5 29 Milliamperes
SCREEN CURRENT. ..o oot e vviiiiennnennns 3 5 Milliamperes
PLATE RESISTANCE . v v vt v vvveeenaanaaenns 50000 55000 Ohms
AMPLIFICATION FACTOR (Approximate). .. ... 70 90
MUTUAL CONDUCTANCE. «« v v vvivneanaenns 1450 1700 Micromhos
LOAD RESISTANCE . o evvvreenevrreneenanns 7000 6000 Ohms
SELF-BIAS RESISTOR. . oo vt viiiieneennnnns 770 670 Ohms
POWER OUTPUT  svusrvisan s 5 ww s 2 0 o v 5 5 5w » 0.7 1.4 Watts
GRID-PLATE CAPACITANCE. « oo ivivenans 1.0 puf
INPUT CAPACITANCE . + v vvee v eeeniannnes 8.0 uuf
OUTPUT CAPACITANCE . v v v ceevverennnen 12.0 puf
BuULB (For dimensions, see Page 151, Fig. 11)............o..... ST-14
BASE . « v et ee et e et e Medium 5-Pin

* 79, total harmonic 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 filament operation, refer to INSTALLATION for type 30.

APPLICATION

For the power amplifier stage of radio receivers, the 33 is recommended cither singly
or in push-pull combination. More than one audio stage preceding the 33 is undesirable
because of the possibility of microphenic disturbances resulting from the high level of
amplification. The self-bias resistor should be shunted by a suitsble 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 re-
sistance 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 as a radio- L T e
frequency amplifier ond intermediate- BOTIOM VIEW
frequency amplifier in battery-operated
receivers where economy of filament-
current drain is important. The 34 is very 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. (See Super-Control amplifier,
page 11.) This super-control characteristic makes the tube uniquely adaptable to the
r-f and i-f stages of receivers employing automatic volume control.

CHARACTERISTICS

FILAMENT VOLTAGE (D. €Y. v v iviiciiiieiiinenenns 2.0 Volts
FILAMENT CURRENT . . v evvtvvnnnnnrronrsaneonnnss 0.060 Ampere
PLATE VOLTAGE. v vvvvnevnnnnnn 67.5% 135 180 max. Volts
SCREEN VOLTAGE (Maximum)*. ... . 67.5 67.5 67.5 Volts
GRID VOLTAGE, Variable (Min.)... -3 -3 -3 Volts
PLATE CURRENT. oo v ieveaneenns 2.7 2.8 2.8 Milliamperes
SCREEN CURRENT . ¢4 ovcvvenueennn 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE. .....cvvnnn.n. 0.4 0.6 1.0 Megohm
AMPLIFICATION FACTOR. ......... 204 360 620
MUTUAL CONDUCTANCE.......... 560 600 620 Micromhos
MUTUAL CONDUCTANCE (At —22.5

volts bias). v oovevevinnnnenann. 15 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) 0.015 max. puf
INPUT CAPACITANCE. . ovvinvnvnnenennes 6.0 nuf
QUTPUT CAPACITANCE . v vt veivvvvnneannss 11.5 P
BuLs (For dimensions, see Page 151, Fig. 12)............. ... ST-14
AP . e e et et ettt s et s asennnsasaeasenneinennes Small Metal
BASE . + ettt e e Medium 4-Pin

* Under conditions of maximum plate current. 1t Recommended values for use in portable 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. Althousgh this tube is quite free from microphonic
disturbances, cushioning of its socket may sometimes be desirable.

For filament operation, refer to INSTALLATION for type 30.

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

Stage shielding enclosing all the components of each stage is, in general, necessary
for multi-stage smplifier circuits.
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APPLICATION

As an r-f or i-f amplifier, the 34 is applicable in receivers designed for it. Plate,
screen, and minimum grid voltages 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 required. The exact value will
depend upon tie 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-contro! 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 biss 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 intermediste-frequency stages, additional control of
volume may be accomplished. Recommended conditions are: Plate voltage, 67.5 to
180 volts; screen voltage, 67.5 volts; grid-bias voltage, —5 volts approximately (with
4-volt oscillator peak swing.)

AVERAGE PLATE CHARACTERISTICS
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Type 35

SUPER-CONTROL
RADIO-FREQUENCY AMPLIFIER

The 35 is a super-control screen grid
amplifier tube of tﬁe heater-cathode type
recommended as an r-f amplifier and an
i-f amplifier in a-c receivers. The 35 is
very effective in reducing cross-modula-
tion and modulation-distortion over the entire range of received signals. lts design is
such as to permit easy control of a large range of signal voltages without the use of local-
distance switches or antenna potentiometers. This super-control feature makes the tube
adaptable to circuits incorporating automatic volume control. See page 11 for Super-
Control feature. The 35 is interchangeable with type 51.

BOTIOM VIEW

CHARACTERISTICS
HEeATER VOLTAGE (A. C.orD.C).vevevveieiennnns 2.5 Volts
HEATER CURRENT . o v vttt ve e etvvenenennnnnnsnnnns 1.75 Amperes
PLATE VOLTAGE*. . .o i e i iiiiiieiinnnnns 180 250 Volts
SCREEN VOLTAGE (Maximum). ............. 90 90 Volts
GRID VOLTAGE, Variable (Minimum)........ —3 -3 Volts
PLATE CURRENT. .. oi i i iereeieinninnnnnnns 6.3 6.5 Milliamperes
SCREEN CURRENT (Maximum).........oo..... 2.5 2.5 Milliamperes
PLATE RESISTANCE. . .t vvvvvnvnnnnnenennn 0.3 0.4 Megohm
AMPLIFICATION FACTOR. . . .ovvivinnnnn. 305 490
MUTUAL CONDUCTANCE. ... vvvneevenansn 1020 1050 Micromhos
MUTUAL CONDUCTANCE (At —40 volts bias) 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. unf
INPUT CAPACITANCE . « v v vvvvenenreeennns 5.3 uuf
OUTPUT CAPACITANCE . « «ceieveveiaeens 10.5 puf
BuLe (For dimensions, see Page 151, Fig. 12)..........ovvvvnnn ST-14
O AP com o o comuer o 5 om0 0 8 oumis 5 2 Gulfns 5 5 5055 ¥ 0 5 condl 0 5 o B o 0 0 s o o Small Metal
BASE . vttt e e Medium 5-Pin
* Maximum plate voltage = 275 volts.
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 oper-
ated as shown under CHARACTERISTICS. In general, properly designed radio-
frequency transformers are preferable to interstage coupling impedances, especially in
cases where a high-impedance B-supply may cause oscillation below radio frequencies.
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Volume control of 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 obtaine
from & 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 volts; 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
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Type 36

RADIO-FREQUENCY AMPLIFIER

The 36 is a heater-cathode type of
screen grid tube intended for use as o
radio-frequency amplifier, intermediate-
frequency 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.

BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).vvvvinnnnnnnnn. 6.3 Volis
HEATER CURRENT . 11t v e eeiecinvnieaninansaeans 0.3 Ampere
PLATE VOLTAGE.......... 100 135 180 250 max.  Volts
SCREEN VOLTAGE......... 55 67.5 90 max. 90 max. Volts
GRID VOLTAGE. ... v...... -1.5 -1.5 -3 -3 Volts
PLATE CURRENT........... 1.8 2.8 3.1 3.2 Milliamperes
SCREEN CURRENT.......... _ —_— —_— 1.7 max.  Milliamperes
PLATE RESISTANCE. . ...... 0.55 0.475 0.5 0.55 Megohm
AMPLIFICATION FACTOR... 470 475 525 595
MUTUAL CONDUCTANCE... 850 1000 1050 1080 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. puf
INPUT CAPACITANCE. « o\ vveveevnenennnens 3.7 unf
OUTPUT CAPACITANCE .+« eoe et vvevnnnne s 9.2 puf
BuLB (For dimensions, see Page 151, Fig. 7)................... ST-1¢2
CCAP, s 55 % 535551 © 5 Booul 0 0 axmnmses . & mumensd 5 b £ 5 505000 5 5 990 7 5 BT 5 5 5 Small Metal
BASE . ittt et atee e aaaaaaaa. 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,
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 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 megohm 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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Td leak and condenser detection is employed, a plate voltage of 135 volts applied
through a plate-coupling resistor of 0.25 megohm or an equivalent impedance together
with a screen voltage up to 45 volts will be satisfactory. A grid leak of 2 to 5 megohms
and a grid condenser of 0.00025 uf will be suitable.

AVERAGE PLATE CHARACTERISTICS
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Type 37
DETECTOR, AMPLIFIER

The 37 is a three-electrode tube of BOTTOM VIEW
the heater-cathode type. The relatively
low heater current of this type makes it
svitable for automobile receivers and for
power-line-operated sets, particularly those with o series-heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE(A. C.or D. C).vviiviiivennns 6.3 Volts
HEATER CURRENT sy ¢ 5 6595 ¢ 5 05t ¢ 55 6% 4 5 5 s 7 5 lsis 0.3 Ampere
PLATE VOLTAGE.......... 90 135 180 250 max.  Volts
GRID VOLTAGE*. ........ -6 -9 —-13.5 —-18 Volts
PLATE CURRENT........... 2.5 4.1 4.3 7.5 Milliamperes
PLATE RESISTANCE. . ...... 11500 10000 10200 8400 Ohms
AMPLIFICATION FACTOR... 9.2 9.9 9.9 9.9
MUTUAL CONDUCTANCE... 80O 995 900 1100 Micromhos
GRID-PLATE CAPACITANCE. ....... 2.0 puf
GRID-CATHODE CAPACITANCE. ... . 3.5 puf
PLATE-CATHODE CAPACITANCE. ... 2,9 puf
Buts (For dimensions, see Page 151, Fig. 6)........ccvvvennn.. ST-12
BASE. « ittt it et e e Small 5-Pin

* Maximum 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 any 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 per-
formance and freedom from distortion. The plate family is given on page 82.

As a detector, the 37 may be operated 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 gf 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 milli-
ampere 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 resistance is not critical, 30000 to 100000 ohms being suitable. 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 BOTTOM VIEW
suitable for automobile receivers and for
power-line-operated sets, particularly
those with a series-heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).vvvivvient 6.3 Volts
HEATER CURRENT. .ot vttt eie et e ieeiaecennnns 0.3 Ampere
PLATE VOLTAGE.......... 100 135 180 950 max. Volts
SCREEN VOLTAGE......... 100 135 180 950 max.  Volts
GRID VOLTAGE........... -9 —13.5 —18 —95 Volts
PLATE CURRENT........... 7 9 14 99 Milliamperes
SCREEN CURRENT.......... 1.2 1.5 2.4 3.8 Milliamperes
PLATE RESISTANCE. . ...... 0.14 0.13 0.115 0.10 Megohm
AMPLIFICATION FACTOR... 120 120 120 120
MUTUAL CONDUCTANCE... 875 995 1050 1200 Micromhos
LOAD RESISTANCE. ........ 15000 13500 11600 10000 Ohms
SELF-BIAS RESISTOR........ 1100 1100 1100 970 Ohms
POWER QUTPUT........... 0.27* 0.55% 1.0* 92.5* Watts
GRID-PLATE CAPACITANCE. .. .. ... 0.30 puf
INPUT CAPACITANCE. .. ... ... ..., 3.5 pepef
OuTPUT CAPACITANCE. . . ..o vvn. . 7.5 puf
BuLB (For dimensions, see Page 151, Fig. 7)......ccvveivnnnnnn ST-12
CCAP 5 v ¢ 5 5500 £ 8 5 i 2o 5 om0 ¥ o oo 56 SBT3 5 00§ 5 MRB 03 ¥ 0¥ 5 Small Metal
2 = P Small 5-Pin

* 8% total harmonic distortion. 1 10% total harmonic distortion.

INSTALLATION

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

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

APPLICATION

For the power amplifier stage of radio receivers, the 38 is recommended either
singly or in push-pulrcombination. Transformer or impedance-coupling devices are
preferable. lf, 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 volits, and to 0.1 megohm for 180 to 250 volts.
If 5 single 38 is operated self-biased, the self-bias resistor should be shunted by a suitsble
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 one-
half 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 a heater-cathode tube
of the remote cut-off type suitable for use
primarily as a radio-frequency amplifier, BOTIOM VIEW
intermediate-frequency amplifier, and
mixer in receivers designed for its char-
acteristics. 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 feature is
given on page 11.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).ovvvvveeinnn 6.3 Volts
HEATER CURRENT . . ot v vt i e e e e veieiiiiieeienennens 0.3 Ampere
PLATE VOLTAGE. . .....c.o.u. . 90 180 950 max.  Volts
SCREEN VOLTAGE. . .. ovvvvvvnnn. 90 90 90 max. Volts
GRID VOLTAGE (Minimum). . ...... -3 -3 -3 Volts
PLATE CURRENT. ..o ovvveiennnn, 5.6 5.8 5.8 Milliamperes
SCREEN CURRENT. . o vvvveann.. 1.6 1.4 1.4 Milliamperes
PLATE RESISTANCE. .. ....ovnn... 0.375 0.75 1.0 Megohm
AMPLIFICATION FACTOR. ......... 360 750 1050
MUTUAL CONDUCTANCE. ......... 960 1000 1050 Micromhos
MUTUAL CONDUCTANCE (At —42.5
volts bias). .. coovvie i, 9 2 2 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. puf
INPUT CAPACITANCE . v v e veeveiiiennnnnnnns 3.5 uuf
OUTPUT CAPACITANCE. « « e e vveeevnnnenns 10 uuf
BuLs (For dimensions, see Page 151, Fig. 7). ....ovveevinnnnn.. ST-12
L0 TP Small Metal
BASE . ¢ ot e e e, Small 5-Pin
INSTALLATION

The base pins of the 39/44 fit the standard five-contact socket. The socket may be
installed to hold the tube in any 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 a voltage divider across the supply voltage, or from a
portion of the supply. Care should be taken to keep the impedance between the screen
and cathode as low as possible.

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

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

APPLICATION

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

As & 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 and/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 BOTTOM VIEW
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 intefchangeable.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C). oot 6.3 Volts
HEATER CURRENT. . ..ottt i e vaee e 0.4 Ampere
PLATE VOLTAGE.......... 100 135 180 250 max.  Volts
SCREEN VOLTAGE......... 100 135 180 250 max.  Volts
GRID VOLTAGE. ... v v ... -7 -10 -13.5 —18 Volts
PLATE CURRENT. . ... ... 9.0 12.5 18.5 32 Milliamperes
SCREEN CURRENT.......... 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE (Approx.)10350 94000 81000 68000 Ohms
AMPLIF. FACTOR (Approx.). 150 150 150 150
MUTUAL CONDUCTANCE... 1450 1600 1850 92900 Micromhos
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
BuiB (For dimensions, see Page 151, Fig. 6).....coovvvivv ... ST-12
BASE : s vrmns s s nia s b B 2 S E RIS S BRE 55 8 BT T 1 sweme e e o ot 0 i Medium 6-Pin
% 109, total harmonic 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 employing several 6.3-volt types and one or more 41°s, the
heaters of the 41s 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. |f the use of a
large resistor is necessary between the heater and cathode of the 41 in some circuit designs,
it should be by-passedrtay 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

sh-pull combination. More than one audio stage preceding the 41 is undesirable
E:cause 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 tyﬁe of input coupling may be used provided the resistance added
to the grid circuit by this device is not too high, Transformer or impedance couplin
devices are recommended. If, however, resistance coupling is employed, the grig
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 repro-
ducing 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 gest results, the impedance in the plate circuit of
the 41 should be as uniform as possible over the entire audio-frequency range.

AVERAGE PLATE CHARACTERISTICS
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Type 42

POWER-AMPLIFIER PENTODE

The 42 is a heater-cathode type of
power-amplifier pentode for use in the BOTTOM. “VIEW
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.orD. C)..vvvvieieinen 6.3 Volts
HEATER CURRENT. ettt vevanneeaanaeeeanneeens 0.7 Ampere
BuLg (For dimensions, see Page 151, Fig. 11)......oooovinen. ST-14
BIAISE. v o conns o v mamsor o o o moman = o o mmen » % RSEH 7§ % e & § B S § % B S § 5 A Medium 6-Pin

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 h%ld 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 employin
several 6.3-volt types and one or more 42's, the heaters of the 42’s should be place
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
output stage of radio receivers, especially
those of the *'d-c power line™ type and
the “universal (a.c.-d.c.)"” type. In such
applications, the 43 is capable of handling relatively lorge audio power at the low
plate and screen voltage available. A single 43 in the output stage operating with
100 volts on plate and screen can deliver nearly one watt of audio power, whi?e two
43’s in push-pull arrangement with the same voltages can supply approximately two watts.

BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).oevvvviieee e 95 Volts
HEATER CURRENT . vt ettt v v eiee e vieit e cnaieeenas 0.3 Ampere
PLATE VOLTAGE. cv et eviveesinineeeenns 95 135 max.  Volts
SCREEN VOLTAGE. cicv vt cvinieneennonnnns 95 135 max.  Volts
GRID VOLTAGE. . vt cv e eneeeanns —-15 —920 Volts
PLATE CURRENT..... N 20 34 Milliamperes
SCREEN CURRENT . .. e cveeeeveeevnienenanns 4 7 Milliamperes
PLATE RESISTANCE. <« v evveveevenevannnnns 45000 35000 Ohms
AMPLIFICATION FACTOR. . .. coviiiiiinns 90 80
MUTUAL CONDUCTANCE. .+« v evvvernevnns 2000 2300 Micromhos
LOAD RESISTANCE. ..ot vveiiveeveeennnns 4500 4000 Ohms
SELF-BIAS RESISTOR. et vveeieeennnss 625 490 Ohms
POWER OUTPUT. cevt e eneanennns 0.9* 2.0t Watts
BuLB (For dimensions, see Page 151, Fig. 11)......ccoeevnn.... ST-14
57 Medium 6-Pin

* 11% total harmonic distortion. 1 9% totsl 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 vertical or in a horizontal position. Sufficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.

The 25-volt heater of the 43 is designed to operate under the normal conditions
of line-voltage variation without materiaﬂy affecting the performance or serviceability
of this tube. For operation of the 43 in series Wit?l the ﬁ:aters 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 employin? several 0.3-ampere
(6.3-volt) types and one or two 43, the heaters of the 43’s should be placed on the
positive side of the line. Under these conditions, heater-cathode voltage of the 43
must not exceed the value given under cathode. In a series-heater circuit of the
“universal”* 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
cireuit 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 accomplished by arranging the 43('s) on the
side of the supply line which is connected to the cathode of the rectifier, i.e., the positive
terminal of the rectified voltage supply. Between this side of the line and the 43(’s),
any necessary auxiliary resistance and the heater of the 25Z5 are connected in series.
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The cathode circuit in “‘d-c power line”" or “universal’ receivers is tied in either
directly or through biasing resistors to the negatlve snde 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 rectlger The
potential difference thus introduced between \f\eater and cathode of the 43 should not
exceed 90 volts d.c., 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 “‘universa
receivers. Recommended operating conditions are given under CHARACTERISTICS.

The self-bias resistor should be shunted by a suitable filter network to avoid de-
generative 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- ha?f 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.

AVERAGE PLATE CHARACTERISTICS
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Type 45
POWER AMPLIFIER

The 45 isa power-amplifier triode of

the filament type capable of supplying BOTTOM  VIEW

large undistorted output in a-c operated

receivers.

CHARACTERISTICS
FILAMENT VOLTAGE(A. C.orD.C). v veeeeeeeet 2.5 Volts
FILAMENT CURRENT . . o e it ttvivrerveanananaanananns 1.5 Amperes
GRID-PLATE CAPACITANCE. . ..vtvvvneenenannnnnnons 7 puf
GRID-FILAMENT CAPACITANCE. .+« vt vveeerannnenss 4 puf
PLATE-FILAMENT CAPACITANCE . + v ¢ vvvrnrnnnnnnnns 3 puf
BuLB (For dimensions, see Page 151, Fig. 11)........ooooiitn ST-14
2 7= -3 Medium 4-Pin
As Single-Tube Class A Amplifier

FILAMENT VOLTAGE (A. €)oo vviiiienecenannn 2.5 Volts
PLATE VOLTAGE. e« ccvvveeinnnnn 180 250 275 max. Volts
GRID VOLTAGE®. .. ..ceviinnnn. —31.5 —50 —56 Volts
PLATE CURRENT. .. oveeeev it 31 34 36 Milliamperes
PLATE RESISTANCE. . - .. ccvnvennnn 1650 1610 1700 Ohms
AMPLIFICATION FACTOR. ......... 3.5 3.5 3.5
MUTUAL CONDUCTANCE. ......... 2195 2175 2050 Micromhos
LOAD RESISTANCE. .« ..vveevnnnnn 2700 3%00 4600 Ohms
SELF-BIAS RESISTOR. . cvvvvetn 1020 1470 1550 Ohms
UNDISTORTED POWER OUTPUT. . ... 0.825 1.6 2.0 Watts

* Grid volts measured from mid-point of a-¢ operated filament. Self-bias is advisable in all cases; required
if grid-coupling resistor (max. value of 1.0 megohm) is used.

As Push-Pull Class AB Amplifier (Two Tubes)
Fixed-Bias Self-Bias

FILAMENT VOLTAGE (A. C)evvvvvvenvv e 2.5 2.5 Volts

PLATE VOLTAGE (Maximum). .. ......v.unn. 275 275 Volts

GRID VOLTAGE. .ot cncaeaeernsnasnosenns —68 — Volts
ZERO-SIGNAL PLATE CURRENT (Per tube). . . . 14 36 Milliamperes
MAXIMUM-SIGNAL PLATE CURRENT (Per tube) 69 45 Milliamperes
LOAD RESISTANCE (Plate-to-plate)........... 3200 5060 Ohms
SELF-BIAS RESISTOR. . . v v v vvvevenenennnnnnn — 775 Ohms
TOTAL HARMONIC DISTORTION. .. ......... 5 5 Per cent
POWER OUTPUT. vttt eeiee e iinennens 18 12 Watts

INSTALLATION

For installation refer to INSTALLATION on type 2A3.
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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 lows 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 repro-
ducing unit.

AVERAGE PLATE CHARACTERISTICS

TYPE 45 of
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Type 46

DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid power-ampli-
fier tube recommended especially for
service in Class B amplifier circuits of suit-
able design. A pair of 46's in a Class B
output stage is capable of supplying an
exceptionally large amount of virtually undistorted power; while a single 46, operated
in the driver stage as a Class A amplifier, can deliver sufficient power to drive the pair
of 46's in the output stage.

BOTTOM VIEW

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 B operation, the two grids
must be tied together. With this connection, the tube has an amplification factor so high
that negative grid-bias is not required. For Class A operation; the grid adjacent to tﬁe
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.orD. C). .. oot 2.5 Volts
FILAMENT CURRENT .. vt cteieteeinnennvarrernrerens 1.75 Amperes
BuLB (For dimensions, see Page 151, Fig. 14).........cenvnnnt. S-17
BASE .. « i+ 5 s, 55 5 o800 5 = Sosonos £ 5 0 condiil § 5 B0RE 5 0 0 5568 § 5 B0 5§ x ki 0 8 8 Medium 5-Pin
As Class B Amplifier
PLATE MOLTAGE s s s mum s v s 5 5 s 3 5 ki s 55 95909 4 5 400 max.  Volts
PEAK PLATE CURRENT . ... vrire i viiianeanennnannnn 200 max.  Milliamperes
AVERAGE PLATE DISSIPATION. . ..o viiviinnnieenn 10 max. Watts
TypicAL OPERATION (2 tubes)
Filsment Voltage (A. C)..vvvvvinnnnn. 2.5 Volts
Plate Moltage. s wssssmnsssmmorssmasssn 300 400 Volts
Grid Voltage (Both grids tied together). ... 0 0 Volts
Zero-Signal Plate Current (Per tube). .. ... 4 6 Milliamperes
Effective Load Resistance {Plate-to-plate). . . 5200 5800 Ohms
Power Output, Approximate (2 tubes)..... 16* 20t Watts

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

As Class A Amplifier

FILAMENT VOLTAGE (A. C). o oivvvee viiiiceannnn 2.5 Volts

PLATE VOLTAGE. « ottt ti ettt it erernetnnaannenns 950 max. Volts

GRID VOLTAGE (Grid adjacent to plate tied to plste). . -33 Volts

PLATE CURRENT o s ¢ sime s 55 mis s 5o i 65 smaiv s v s s 5 29 Millismperes
PLATE RESISTANCE o« v v vetirennennenaneanneann 2380 Ohms
AMPLIFICATION FACTOR. ..t o e v iie i ceee e 5.6

MUTUAL CONDUCTANCE . .+ o oot ivviieein i enans 2350 Micromhos
LOAD RESISTANCE (For max. undistorted power)tf..... 6400 Ohms
UNDISTORTED POWER QUTPUT. .o vee e v cvinninenenns 1.25 Watts

11 Approximately twice 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 standard five-contact socket which may be installed
to operate the tube either in a vertical or in a horizontal position. For horizontal opera-
tien, the socket should be positioned with the filament-pin openings one vertically
above the other. Sufficient ventilation should be provided around the tube to prevent
overheating.

The filament is designed to operate at 2.5 volts. The transformer winding supplying
the filament circuit should operate the filament at this recommended value for full-load
operating conditions at average line voltage. The filament wiring should, insofar as
possible, be isolated from the input circuit of the driver stage in order to avoid the
possibility of hum caused by electrostatic induction from 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 across the filament supply for minimum hum adjustment. The use of
a push-pull driver stage with either equi-potential or filament-type tubes will reduce
hum resulting from the filament supply, but is required only in special 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 feastures is given on page 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 os 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 a power output tube.

OPERATION CHARACTERISTICS
CLASS B OPERATION

TYPE 46
€572.5VOLTS A.C.
INPUT-CLASS A-ONE TYPE 46
2! PLATE_VOLISz250 GRID VOLTS=~33
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AVERAGE PLATE CHARACTERISTICS
CLASS B 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 three- BOTTOM VIEW
electrode Class A power amplifiers of the
same plate dissipation, the 47 is capable
of greater power output with the additional feature of higher amplification.

CHARACTERISTICS
FILAMENT VOLTAGE(A. C.orD. C). oo vt vea e 2.5 Volts
FILAMENT CURRENT .4 4t vt vvetrnnernrnereeneneens 1.75 Amperes
PLATE VOLTAGE. .ot v i it iieiei i veinennnns 250 max. Volts
SCREEN VOUTAGE x5 s s s 5 5 w55 wowsw s 45 woww 6 2 s 5 5 9250 max. Volts
GRID NV OUTAGE® s s 5 sums v+ s ovs 5 6sthi 6 5 6 aite 3 5 5 5 & 4 5 —16.5 Volts
PLATE CURRENT . o ettt eiiieeeeiiiereeinneannns 31 Milliamperes
SCREEN CURRENT . « e e oo v evvnenannnenanoneanns 6 Milliamperes
PLATE RESISTANCE . o« vt ieieeeeeeeeeeriarnnn 60000 Ohms
AMPLIFICATION FACTOR. . o2 o iiieiiie i iaaanns 150
MUTUAL CONDUCTANCE ..t vvvenrrrrneneeenanns 2500 Micromhos
LOAD RESISTANCE. « vt e ereeiiiirennneaaanrneens 7000 Ohms
SELF-BIAS RESISTOR. « v et et eveteveiiiinnnnennnns 450 Ohms
POWER QUTPUT (6% total harmonic distortion). ....... 2.7 Watts
GRID-PLATE CAPACITANCE. .. ovv vttt vevenannannnns 1.2 puf
INPUT CAPACITANCE . .+ v oo vveereninennnnnenenans 8.6 uuf
OUTPUT CAPACITANCE. . ov v iteeiieaneannneeaanns 13.0 upf
BuLB (For dimensions, see Page 151, Fig. 13)..........cvvienn ST-16
BASE .t ottt et e e ettt Medium 5-Pin

* [f flament 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 o 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 47 is recommended either
singly or in push-pull combination. More than one audio stage preceding the 47 is
undesirable because of the possibility of microphonic 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
47's are used in the same stege, the value of the self-bias resistor is approximately one-
half 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 impedance-
coupling devices are preferable. If resistance coupling is used, a grid resistance not
to exceed 0.5 megohm may be employed under the self-bias conditions. Without self-
bias, the grid-leak resistance should not exceed 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 possibie.

The blue glow which frequently appears on the inner surface of the 47 bulbis 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

—
£r=28 v0 Foe cl.m IS
_ | screen voLTs =250 __contRe
/ La
" /< Sos 4] le
[}
§ 80 / r Ol —
i ) 1 / _~ & o [
e / 7 o =
3 L1 "
© 30 [ L/ 83 1
5 / T
e / A 20
< s
|
/// £qe-24
10
-l 4
- —_—r .~ ppmme g TP
6 40 80 120 160 200 240 280 320 360 400 440 480 . 520
PLATE VOLTS
AVERAGE CHARACTERISTICS o AVERAGE OUTPUT CHARACTERISTICS
TYPE 47 < L " IVPE_A47
E£=2.5 VOLTS D.C. Ef =23 VoLTs ac. s
\ | S o remge0 2 |. SCREEN VoLTs=250
4000) 200 2 PLATE VOLTS=250
3 \\ S Esca =153 VOLTS L o
2 '
3 ] R -
g N 23 5
g 324 < 60 23 bs?
=2 Y 5
~ 20 - z
£ \ o / r b 1 oo
n 240 LY 120 F & T T o5
S TN A 1T :
1 A (R4
2 ~kF 15
Z X v E
5 1600) s 02 g+ ]
3 = (%]
3 /1 Na 3 = ot
= @ W 1.
S / e a 2 n = N
1 800 40C 9 TOTAL| HAR 1CS =W 2N0)2 + (% ARD)2
2 w 21— 4 . 5
2 [~ § ToTat,_HARMONC -1~
3 2 N QP
<)
o ET] 8 ° *o 3 000 B 000 ?.FOJO
CONTROL GRID VOLTS LOAD RESISTANCE - 0-MS

o8]



@Punningham oo
@ Radiotron @
Type 48
POWER-AMPLIFIER TETRODE

The 48 is a power-amplifier tetrode
which has pentode characteristics when
operated at the recommended screen and BOTTOM VIEW
plate voltage. It is for use in the audio-
output stage of receivers designed to
operate from 115-volt d-c power lines. The 48 is exceptional in its 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 electrical and structural design. Among these are the big cathode with its large
emitting surface, the control-grid structure with its heat radiator, and the plate with a
rib structure fastened to its inner surface. The rib structure serves to suppress the effects
of secondary emission which limit the power output of four-electrode screen grid types.

CHARACTERISTICS
HEATER VOLTAGE(D. C)e v veveiiiiiieneenerennnn. 30 Volts
HEATER CURRENT . ¢ttt e ivieeeieacieeranarannsnans 0.4 Ampere
PLATE VOLTAGE. .t tvieeeeiieiinennennns 96 195*max. Volts
SCREEN VOLTAGE. o e eeevvnrnennnnrennns 96 100 max.  Volts
GRID VOLTAGE. s vevvieecenirenannnnnnns —-19 —90* Volts
PLATE CURRENT . ot et veeiensveeennnnnnas 52 56 Milliamperes
SCREEN CURRENT . v e veeerereeeeeeennnns 9 9.5 Milliamperes
AMPLIFICATION FACTOR. .. ... ..eoiinns. Subject to considerable variation
PLATE RESISTANCE. + - ccvevenneenvnrnnns Subject to considerable variation
MUTUAL CONDUCTANCE. .« cvveverennnns 3800 3900 Micromhos
LOAD RESISTANCE. .o cvvvvvverevnnnnnnnnnn 1500 1500 Ohms
SELF-BIAS RESISTOR. . v vt v veivviiveeeennnns 310 310 Ohms
TOTAL HARMONIC DISTORTION. ....cvvtnt. 9 9 Per cent
POWER OUTPUT . e vt iererrnnnnennens 2 2.5 Watts
BuLB (For dimensions, see Page 151, Fig. 13).................. ST-16
BASE: s . ¢ 5 s 5 5 5 5950 5 8 55000 5 % S50 55 5 R 5 8 5 AR 5 55 T P B § 5 8 Medium 6-Pin

* Suitable conditions for operation with auxiliary C battery which permits utilization of full 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 opera-
tion, the socket should be positioned with the plate-pin opening at the top and the
cathode-pin opening at the bottom, or vice versa. Sufficient ventilation should be provided
around the tube to prevent 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 and 34 volts
d;:ri}?g Iirl;e-voltage fluctuations 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 have 0.3-ampere heaters, a bleeder circuit across these heaters is required to

take care of the additional 0.1-ampere heater current of the 48. 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 biasing resistors
to the negative side of the heater circuit. The potential difference thus introduced between
heater and cathode of the 48 should not exceed 90 volts, as measured between the
negative heater terminal and the cathode.

APPLICATION

As a Single Class A power-amplifier tetrode the 48 should be operated as shown
under CHARACTERISTICS.

The self-bias resistor should be shunted by a suitable filter network to avoid de-

enerative effects at low audio frequencies. The use of two 48'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 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 preferable. In any case, the sum o?the resistance of the coupling devices
ian(t)l(‘)eO grLd circuit and the resistance of the filter network (if used) should not exceed

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
shou!d 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 power-
amplifier tube designed for use in battery-
operated receivers employing 2-volt BOTTOM VIEW
tubes. In such service, it may be used
either as a Class B output tube or, by a
change in socket connections, as a Class A driver tube.

CHARACTERISTICS
FILAMENT VOLTAGE (D. €)oot ivveiiieiieieeaans 2.0 Volts
FILAMENT CURRENT. . oot iieiineaiie e eiiaees 0.12 Ampere
BuLB (For dimensions, see Page 151, Fig. 11).................. ST-14
37 S Medium 5-Pin

PLATE VOLTAGE: : ¢ woss < 5 5 s s 2 mme 5 8 bome 3 5 5 55 £ 5 5 98 180 max. Volts
PEAK PLATE CURRENT. ..t vtteve e e aeeviaeannnns 50 max. Milliamperes
TypPICAL OPERATION (2 tubes)
Plate Voltage.. . . . . cveveeveiiiao... 135 180 Volts
Grid Voltage (Both grids tied together).... 0 0 Volts
Zero-Signal Plate Current (Per tube). . .... 1.3 Q Milliamperes
Effective Load Resistance (Plate-to-plate). . . 8000 12000 Ohms
Power Output, Approximate (2 tubes). . ... 2.3 3.5 Watts

As Driver—Class A Amplifier

PLATE VOLTAGE. « ottt ieieeteieneaenaenannannnnn 135 max. Volts

GRID VOLTAGE (Grid adjacent to plate tied to plate). . —20 Volts

PLATE CURRENT . -« ot e ittt tee et e e e e e e e 6.0 Milliamperes
PLATE RESISTANCE. ..ot aen 4175 Ohms
AMPLIFICATION FACTOR. .o vv e 4.7

MUTUAL CONDUCTANCE . + v vt viieee i ieeeneannn 1125 Micromhos
LOAD RESISTANCE. « « « et eveveieeeeeeeeiieeeaeeann 11000* Ohms
POWER QUTPUT (Approximate). ... ..oovveeeennann.. 0.170 Watt

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

INSTALLATION
The base pins of the 49 fit 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 INSTALLATION on type 1A6.

APPLICATION
Refer to APPLICATION for type 46.
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AVERAGE PLATE CHARACTERISNCS
CLASS B OPERATION
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Type 50

POWER AMPLIFIER

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

BOTTOM VIEW

CHARACTERISTICS
FILAMENT VOLTAGE(A. C.orD. C)..covvnnen .t 7.5 Volts
FILAMENT CURRENT . . e e vvervennarenssnnmenerennn 1.95 Amperes
PLATE VOLTAGE. .« e vvvenennnnn. 350 400 450 max. Volts
GRID VOLTAGE®. ... cvveeevennnn —63 -70 —84 Volts
PLATE CURRENT. . ....... o e = 45 55 55 Milliamperes
PLATE RESISTANCE .« e evvvevnnnnns 1900 1800 1800 Ohms
AMPLIFICATION FACTOR. ......... 3.8 3.8 3.8
MutuAL CONDUCTANCE.......... 2000 2100 92100 Micromhos
LOAD RESISTANCE . « . cevevavannn- 4100 3670 4350 Ohms
SELF-BIAS RESISTOR. . . o evvunnnnn. 1400 1275 1530 Ohms
UNDISTORTED POWER QUTPUT. . ... 2.4 3.4 4.6 Watts
U1 S ST-19
BASE: o« momc s 75 w0 5 7 mw ¢ 5 590 8 & % VS 6 § SRS 5 WA 3 5 EUEE £ « n eun o Medium 4-Pin Bayonet

* Measured from mid-point of a-c operated filament.
T Maximum overall length, 6% inches; maximum diameter, 2% inches.

INSTALLATION AND APPLICATION

Refer to INSTALLATION and APPLICATION on type 10. Any conventional
type of input coupling may be used ~rovided the resistance added to the grid circuit by

this device does not exceed 10000 ohms.

AVERAGE PLATE CHARACTERISTICS
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Type 53 o855 220552

CLASS B TWIN AMPLIFIER ¢S ) T,

The 53 is a heater-cathode type of
tube combining in one bulb two high-mu
triodes designed for Class B operation. It
is intended primarily for use in the output
stage of a-c operated radio receivers. The
triode units have separate external terminals for all electrodes except the cathodes and
heaters, so that circuit design is similar to that of Class B amplifiers utilizing individual
tubes in the output stage. T?\e 53 may be used as a Class A amplifier (with triode units
connected in parallel) to drive a 53 as a Class B amplifier in the output stage.

B80170M VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).vvviiienevnnnnn. 2.5 Volts
HEATER CURRENT. 1t v vvvieenenevnenennnnnennans 2.0 Amperes
BuLB (For dimensions, see Page 151, Fig. 11)......cvevinnn. .. ST-14
BASE:: s s wipou o s 3 e v+ omasors ¢ 3 vasmve & 6 wvarons o gsgey 4 8 95050 6 % wivrs o o o5 Medium 7-Pin
As Class B Power Amplifier
PLATE VOLTAGE s o o smms 5 5 muvs 1 & 5w i 5 5 05 ¥ 6 v e 300 max. Volts
PeAK PLATE CURRENT (Perplate). . ...cvenvnvnvnnnn. 125 max.  Milliamperes
AVERAGE PLATE DISSIPATION. ... .ovvviiviervrenns 10 max.  Watts
TypPICAL OPERATION
Plate Voltage. oo vvveeeneeniviiiannt, 250 300 Volts
GridVoltage. v oo oveveeieiiiininn 0 0 Volts
Zero-Signal Plate Current (Per plate). ..... 14  17.5 Milliamperes
Effective Load Resistance (Plate-to-plate). . . . 8000 10000 Ohms
Power Output (Approximate)*........... 8 10 Watts
As Driver—Class A Amplifier
(Both grids c: ted together at socket; likewise both plates.)
PLATE VOLTAGET «veeeiieiiiiivenininnns 250 904 Volts
GRID VOLTAGE: s & s s e s 5w s s s 6 5 6 a4 6 -5 -6 Volts
AMPLIFICATION FACTOR. . ......ovvvveenn. 35 35
PLATE RESISTANCE . v v vvviiiieerennnns 11300 11000 Ohms
MUTUAL CONDUCTANCE. ..o vvivvieannns 3100 3900 Micromhos
PLATE CURRENT . et vt irnrr e eenan 6 7 Milliamperes

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

INSTALLATION

The base pins of the 53 fit the seven-contact (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 air freely around the tube to prevent overheating.

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

APPLICATION

As a Class B rower amplifier, the 53 is used in circuits similar in design to those
utilizing individual tubes in the output stage. It requires no grid-bias, since the high-mu
feature of the triode units reduces the steady plate current at zero bias to a relatively
low value. Refer to page 16 for general Class B amplifier design considerations.
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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 grid-
bias, the 53 is capable of supplying a power output upwards of 400 milliwatts. The
|oaé into which the driver works will depend largely on the design factors of the Class B
amplifier. |n 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-sta?e a-f amplifier, (3) amplifier and phase-
inverter to supply resistance-coupled, push-pull output tubes, (4) two-tube oscillator,
and (5) oscillator and amplifier.

An additional curve is given under type 6A6.
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Type 55
DUPLEX-DIODE TRIODE

The 55 is an a-c heater type of tube
consisting of two diodes and a triodein a Lo GRIO-METAL ToP CAP
single bulb. It is recommended for service HoTIon Wiew
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 surface for the diodes and another for the triode.
This independence of operation permits of unusual Aexibility in circuit arrangement 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.orD. C). oot 2.5 Volts
HEATER CURRENT. .ottt vttt iieen e i iiiininans 1.0 Ampere
GRID-PLATE CAPACITANCE. ..t vereerncenrnnnns 1.5 unf
GRID-CATHODE CAPACITANCE . « .o e vt v veienennnnn 1.5 uuf
PLATE-CATHODE CAPACITANCE. . .o ovvvieie e 4.3 puf
BuLB (For dimensions, see Page 151, Fig. 7)................... ST-12
[ Small Metal
BASE . ittt it et aea e, Small 6-Pin

Triode Unit—As Class A Amplifier
PLATE VOLTAGE. .. ...covvvnnt. 135 180 250 max.  Volts
GRID VOLTAGE . + e v vevieennnnnn —10.5 —-13.5 —20.0 Volts
PLATE CURRENT . . . o vvveeeennnnn 3.7 6.0 8.0 Milliamperes
PLATE RESISTANCE. .« . vvevennnnn. 11000 8500 7500 Ohms
AMPLIFICATION FACTOR. . ........ 8.3 8.3 8.3
MUTUAL CONDUCTANCE.......... 750 975 1100 Micromhos
LOAD RESISTANCE . . oo vvvvvnnnnn, 925000 20000 20000 Ohms
POWER OUTPUT. .. covvee vt 0.075 0.16 0.35 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 2B7.

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 INSTALLATION under
type 2A5.

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

APPLICATION

The 55 is recommended for performing the simultaneous functions of automatic
volume-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 half-wave arrangement will provide approximately twice the rectified
voltage as compared with the full-wave arrangement.

For automatic volume-control, a rectified voltage which is dependent on the r-f or
i-f carrier is usually employed. This voltage is utiﬁzed 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 accom-
plished by a number of methods, differing chiefly in the means of applying the voltage
to the various electrodes of the amplifier tubes. As is well known, the regu?atin 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 the rectified current flowing
through a resistor in the detector circuit. In another case, the required voltage is ob-
tained by utilizing one diode for the sole purpose of automatic volume-control (a.v.c.).
This latter method is of particular interest since it confines the sensitivity and time-delay
function to the a.v.c. 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. arrangement capable of various adaptations is to use the triode as a d-c amplifier
to supply t]?le regulating voltage. Additional information on automatic volume-control
is given on page 20.

For amplification, 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
varisble 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 may be employed only when at least 20000 ohms resistance is used in the
triode plate circuit.

AVERAGE PLATE CHARACTERISTICS
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Type 56

SUPER-TRIODE AMPLIFIER,
DETECTOR

The 56 is a three-electrode tube of
the heater-cathode type recommended for
use as detector, amplifier, or oscillator in
a-c receivers designed for it. This tube is
characterized by its high mutual conduc-
tance, and its comparatively high amplification factor. The 56 is useful in resistance-
coupled audio-frequency amplifiers.

B0TTOM  VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).oevvvvveeennee 2.5 Volts
HEATER CURRENT .« .ttt vvieiiitercrneeneecannns 1.0 Ampere
PLATE NVOLTAGE ssva s s mrum s 5 v s 3 6 s £ £ 5 s 1 5 5 B £ 8 5 250 max.  Volts
GRID VOLTAGE™ . o ettt iv ettt ie e -13.5 Volts
PLATE CURRENT . ot ettt i ieieeee e iieeeieeeeens 5 Milliamperes
PLATE RESISTANCE. vt et v e teee vt iieaieiaiiinnns 9500 Ohms
AMPLIFICATION FACTOR. ... . oo cie i 13.8
MUTUAL CONDUCTANCE. + ..ot ev v ieeeveenieennnnns 1450 Micromhos
GRID-PLATE CAPACITANCE . . oo e ieviniireerneeenns 3.2 uuf
GRID-CATHODE CAPACITANCE . « oo eieeeeiiennnnn 3.2 puf
PLATE-CATHODE CAPACITANCE . .. vvvvvvnecnenen.nn 2.2 upf
BuLs (For dimensions, see Page 151, Fig. 6)...............uut. ST-12
| R T I ™Y Small 5-Pin
* |f a grid-coupling resistor is used, its maximum 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 operate 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 a mid-tap on the heater
winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potential difference should be kept as low as possible,

APPLICATION

As an amplifier, the 56 is applicable either to radio-frequency or audio-frequency
circuits. Recommended operating conditions for service using transformer coupling are
given under CHARACTERISTICS. For circuits utilizing resistance coupling, typical
operating conditions are as follows: Plate-supply voltage, 250 volts; grid-bias voltage,
—9 volts (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

late voltage for the grid leak and condenser method should be about 45 volts. A grid
eak of from 1 to 5 megohms with a grid condenser of 0.00025 uf 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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Type 57

TRIPLE-GRID DETECTOR
AMPLIFIER

The 57 is a triple-grid tube recom-
mended especially for service as a biased
detector in a-c receivers designed for its BOTIOM VIEW
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
57 include its use as a low signal-input, screen-grid amplifier tube and as an automatic-
volume-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 VOLTAGE(A. C.orD. C).ovvviieienne 2.5 Volts
HEATER CURRENT ..ot vecieiit e inneninennecnneens 1.0 Ampere
PLATE VOLTAGE. .« o v e iviivneveennnaanns 100 250 max. Volts
SCREEN VOLTAGE....ccvvviveenns R 100 100 max. Volts
GRID VOLTAGE®. ..o vveivcieaneaanans -3 -3 Volts
SUPPRESSOR . « e v vereeeevnaarenannneeannn Connected to cathode at socket
PLATE CURRENT. .0 vvteteeennerenennnnns 2.0 2.0 Milliamperes
SCREEN CURRENT 65 s s sevs 55 s s s 5 sww s g pmm e + 0.5 0.5 Milliampere
PLATE RESISTANCE. .0 vevivverernnnnnennns 1.0 Greater than 1.5 Megohms
AMPLIFICATION FACTOR. .« .vvviiecvnnnn 1185 Greater than 1500
MUTUAL CONDUCTANCE. ... ovvevvenennn 1185 1225 Micromhos
GRID VOLTAGE (Approximate)**........... -7 -7 Volts
GRriD-PLATE CAPACITANCE (With shield-can). 0.007 max. puf
INPUT CAPACITANCE . ot vieeeivennvnnnnes 5.0 uuf
QUTPUT CAPACITANCE . v v e vvvveeenernnnan 6.5 uuf
BuLB (For dimensions, see Page 151, Fig. 8).....covivnvunnenn, ST-12
AP . ettt ittt etesene e eeonssnseseneeseuosnasennanns Small Metal
BASE .ttt ittt i e et is et ae i, Small 6-Pin

*If a grid-coupling resistor is used, its maximum value 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 cathede connection, refer to INSTALLATION 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
amplifier tube recommended especially for
service in the radio-frequency and inter- BOTTOM VIEW
mediate-frequency stages of a-c receivers
designed for its characteristics. Signifi-
cant 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 modulation-
distortion makes it adaptable to the r-f and i-f stages of reccivers employing automatic
volume-control. The 58 is constructed with an internal shield connected to the cathode
within the tube.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C). oo viviiiiiiiae 2.5 Volts
HEATER CURRENT . o et ev ittt ieeinneercnanenanans 1.0 Ampere
PLATE VOLTAGE. . et i veieciieie e 100 250 max.  Volts
SCREEN VOLTAGE. .- cveevneinninuinnnnn. 100 100 max.  Volts
GRrID VOLTAGE (Minimum). . .............. -3 -3 Volts
SUPPRESSOR. v e vt eteevarenereennnnenanns Connected to cathode at socket
PLATE CURRENT . et e vt eiieaeecnaenannnen 8 8.9 Milliamperes
SCREEN CURRENT .t cv eveieeeenaeiaannnann 9.9 2.0 Milliamperes
PLATE RESISTANCE . ¢ v evieenananenenannns 0.95 0.8 Megohm
AMPLIFICATION FACTOR. . . cocvivininnne, 375 19280
MUTUAL CONDUCTANCE. + .. vvvvrvrenanenn 1500 1600 Micromhos
MuTtuAL CONDUCTANCE (At —40 volts bias) 10 10 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. puf
INPUT CAPACITANCE . . vviveveiciennnenns 4.7 ppf
OUTPUT CAPACITANCE . e oevvcranenasenns 6.5 puf
Buts (For dimensions, see Page 151, Fig. 8).............. ..., ST-12
AP . it ettt et ee ettt tae et e st e, Small Metal
BASE. o i e e, 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-cathode type for use
in the output stage of a-c operated receiv- BOTIOM VIEW
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) & Class B Power-Output Triode.

CHARACTERISTICS
HEATER VOLTAGE (A. C.orD. C).ovvivvinias, 2.5 Volts
HEATER CURRENT . ...t veveveeeeeeeneecvenaeenens 2.0 Amperes
ButB (For dimensions, see Page 151, Fig. 13)........coovinen. ST-16
BASE L s ittt ettt et e e e e, Medium 7-Pin
As Class A Power Amplifier
Triode® Pentode®®
PLATE VOLTAGE. ..ttt ieiiiieenneannnnnn 950 max. 250 max.  Volts
SCREEN VOLTAGE (Grid No. 2)............ — 950 max. Volts
GRID VOLTAGE (Grid No. 1) .. v.vvvv et —98 -18 Volts
PLATE CURRENT. .. oot v veeennnssaeneeenns 26 35 Milliamperes
SCREEN CURRENT. .. e vt vineeanenannennnnn — 9 Milliamperes
AMPLIFICATION FACTOR. . ... oove v aeee 6 100
PLATE RESISTANCE . . v vvvveeiiiceennnen 2300 40000 Ohms
MUTUAL CONDUCTANCE . ..ot oeieinnnn 2600 2500 Micromhos
LOAD RESISTANCE . ...t vieeeiiieenenenen 5000* 6000 Ohms
SELF-BIAS RESISTOR. .ot vvvveneevnnnnn 1080 410 Chms
POWERQOUTPUT......v v ieiivieeeeeeann 1.925 3t Watts
As Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together) grid No. 3 tied to plate)

PLATE VOLTAGE . « o vt itiie i iiiteeeeiaiaannannn 400 max. Volts
PEAK PLATE CURRENT + v et veevevinevenenenanananons 200 max.  Milliamperes
AVERAGE PLATE DISSIPATION. ... vt vvviiiee s 10 max. Watts
AVERAGE GRID DissIPATION (Grids No. 1 and No. 2). 1.5max. Watts
TYPICAL OPERATION (2 tubes)

Plate Voltage. .. ooovvvvivivnnnninns. 300 400 Volts

Grid Voltage (Grids No. 1 and No. 2).... 0 0 Volts

Zero-Signal Plate Current (Per tube) ...... 10 13 Milliamperes

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

Power Output, Approximate (2 tubes)..... 15 20 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.
* Optii for maxi distorted power output of 1.25 watts, Approximately twice this value is recom-
mended for load of this type as driver for Class B stage.
T 7% total 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, therefore, should be provided to circulate air freely around the
tube to prevent over‘ledting.

For heater operation and cathode connection, refer to INSTALLATION for type 9AS.

APPLICATION

For Class A Triode Operation of the 59, the two grids (No. 2 and No. 3) immedi-
ately adjacent to the plate are connected to the plate, while the third (No. 1) is employed
for control purposes. Operation of the tube is then similar to any Class A power-
amplifier triode. The tabulated values for Class A operation of this type as given under
CHARACTERISTICS, are for its operation as a power-output tube. When it is used as
the driver for a Class B stage, the load requirements are changed, as indicated in the
note under CHARACTERISTICS. This change is recommended in order to minimize
distortion due to the driver stage.

The d-c resistance in the grid circuit of the 59, operating as a Class A amplifier (either
with triode or pentode connection) should not exceed 0.5 megohm if self-bias is used.
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 tﬁe 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 employecf A
discussion of Class B design features is given on page 16.
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AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION - TRIODE CONNECTION
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Type 71-A

POWER AMPLIFIER

The 71-A is a power-amplifier tube
of low-output impedance for use in the
output stage of audio-frequency ampli-

BOTTOM  VIEW

fiers.
CHARACTERISTICS

FILAMENT VOLTAGE(A. C.orD.CH. o oiienan 5.0 Volts
FILAMENT CURRENT. . oot ve e ireeiieneinaeaeneasns 0.95 Ampere
PLATE VOLTAGE. ..o o vvveenann 90 135 180 max.  Volts
GRID VOLTAGE*. . .. ceieeeennt -16.5 —97 —40.5 Volts
PLATE CURRENT. ..ot eiineenen 10 17.3 20 Milliamperes
PLATE RESISTANCE. .+ evvivvnnnns 2170 1820 1750 Ohms
AMPLIFICATION FACTOR. ......... 3 3 3
MUTUAL CONDUCTANCE. ......... 1400 1650 1700 Micromhos
LOAD RESISTANCE. . ovvvvnnnnnn 3000 3000 4800 Ohms
SELF-BIAS RESISTOR. .o v vveen .t 1600 1700 2150 Ohms
UNDISTORTED POWER QUTRUT. . . .. 0.125 0.4 0.79 Watt
GRID-PLATE CAPACITANCE . e oo i ivvennenn 7.5 puf
GRID-FILAMENT CAPACITANCE. . ... ... ..., 3.9 puf
PLATE-FILAMENT CAPACITANCE. .. ......... 2.9 puf
BuLB (For dimensions, see Page 151, Fig. 11).......c.cvvnn.... ST-14
BASE .« i e e et Medium 4-Pin Bayonet

For operation on a-c filament supply, increase grid-bias voltage 2.5 volts. Maximum value of grid-coupling
resistor is 0.5 megohm.

INSTALLATION

The base pins of this tube fit the standard four-contact socket which should be
installed to hold the tube in a vertical position.

The coated filament of the 71-A may be operated from a storage battery or from
the a-c line through a step-down transformer. For operation of this tube from a storage
battery, a fixed or varisble resistor of suitable value is required to reduce the battery
voltage to 5.0 volts across the filament terminals at the socket.

APPLICATION

Operating conditions are given under CHARACTERISTICS for the use of this tube
in the power output stage. A family of plate characteristics is given on page 102.

With a d-c filament supply, the grid- and the plate-return should be made to the
negative filament terminal. For a-c filament supply, the plate- and the grid-return should
be brought either to a mid-tapped resistor of 20 to 40 ohms across the filament winding,
or to the mid-point of the filament winding.

Grid bias for the 71-A may be obtsined from a C-battery or by means 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 operated either in parallel or push-pull connection. The push-pull connection
eliminates the necessity for shunting the self-bias resistor. When two 71-A’s are operated
together in the same amplifier stage, the values of the self-biasing resistors will be
approximately one-half the values given above for a single tube.

An output device should be used to transfer power to the winding of the repro-
ducing unit.
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Type 75

DUPLEX-DIODE HIGH-MU
TRIODE

The 75 is a 6.3-volt heater type of
tube consisting of two diodes and a high-
mu triode in a single bulb. it is for use
as a combined detector, amplifier, and
automatic-volume-control tube in radio
receivers designed for its characteristics. For diode-detector considerations, refer to
page 19.

BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C).vvvvineeenn. 6.3 Volts
HEATER CURRENT. ¢ i vttt vaeerinereaenarenaaanns 0.3 Ampere
BuLg (For dimensions, see Page 151, Fig. 7)................... ST-12
L - Small Metal
BASE: s o s smomss s momios s wim s s o cesii o 5 wswione s 8 AU 5 6% MR R S R 54 6 Small 6-Pin

Other characteristics of this type are the same as for the type 9A6.

INSTALLATION

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

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

APPLICATION
Refer to APPLICATION on the type 2A6.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T T T T
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Type 76

SUPER-TRIODE AMPLIFIER
DETECTOR

The 76 is a three-electrode tube of
the heater-cathode type recommended for
use as detector, amplifier, or oscillator
with either a-c or d-c heater supply. This
tube is characterized by its higﬁ mutual
conductance and its comparatively high amplification factor. The 76 is useful in resistance-
coupled audio-frequency amplifiers.

BOTTOM  VIEW

. CHARACTERISTICS
HEATER VOLTAGE(A. C.or D. CYuv v iieanee 6.3 Volts
HEATER CURRENT . .o\ttt eeieee e iiiee e 0.3 Ampere
PLATE VOLTAGE. v vooeei e ci et 950 max.  Volts
GRID VOLTAGE™®. . .ot iiiiieie e i i e —-13.5 Volts
PLATE CURRENT . vt vvee i inneenns 5 Milliamperes
PLATE RESTSTANGE : 15 onmis 5 w5 s s 55 i mswi 6 5 6 i 5 4 3 g 9500 Ohms

" AMPLIFICATION FACTOR. ...t iv v viiee e anas 13.8
MUTUAL CONDUCTANCE . .« e et e eteieieinannannnns 1450 Micromhos
GRID-PLATE CAPACITANCE ..ottt 2.8 upf
GRID-CATHODE CAPACITANCE . v vt veveveenaeeeannns 3.5 upf
PLATE-CATHODE CAPACITANCE . « o . cvvvvevrneenns 2.5 uuf
BuLB (For dimensions, see Page 151, Fig. 6)........ccccvvunt.. ST-12
BASE. .ottt e, Small 5-Pin

* |f a grid-coupling resistor is used, its maximum 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.

AVERAGE PLATE CHARACTERISTICS
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Type 77

TRIPLE-GRID DETECTOR
AMPLIFIER

The 77 is a triple-grid tube recom-
mended especially for service as a biased
detector in radio receivers designed for BOTTOM VIEW
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.orD. C).vviivviie e 6.3 Volts
KIEATER CURRENT o o « 5 5o o3 5 wovsw o6 5 5w & 5 8 wianst s 5 woums 0.3 Ampere
PLATE VOLTAGE. ..t o vt oiieeineerninnannn 100 250 max.  Volts
SCREEN VOLTAGE. .ttt vveeeeininanneanns 60 100 mex.  Volts
GRID VOLTAGE®. .. i v ieivie e ieiiiiae et -1.5 -3 Volts
SUPPRESSOR .« e et vevniinreannneannns Connected to cathode at socket
PLATE CURRENT i s s s s se s 5 s s o5 55 5 5 s 1.7 2.3 Milliamperes
SCREEN CURRENT......... e 0.4 5 Milliampere
PLATE RESISTANCE (Approximate)........... 0.65 1.5 Megohms
AMPLIFICATION FACTOR. . ........ e 715 1500
MUTUAL CONDUCTANCE. .« v oveeenenans 1100 19250 Micromhos
GRID VOLTAGE (Approximate)t............ -5.5 =7.5 Volts
GRID-PLATE CAPACITANCE (With shield-can). 0.007 mex. puf
INPUT CAPACITANCE . .« vt iviivneeennnnnnn 4.7 puf
QUTPUT CAPACITANCE. « v vevvveenvennnnss 11.0 puf
BuLe (For dimensions, see Page 151, Fig. 7).........cvvvvnenn. ST-12
(0 Small Metal
BASE . ittt e Small 6-Pin

* |f a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm.
1 For cathode 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 applica-
tions where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control grid voltage (or both) may be varied
to contro! 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
modulation-distortion. Recommended operating conditions for amplifier service are given

under CHARACTERISTICS.
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As a biased detector, the 77 is particularly recommended because of its ability to
deliver a large audio-frequency output voltage of good quality with a fairly small radio-
frequency signal input. Recommended conditions for the 77 as a biased detector are
as follows:

PLATE SUPPLY* ..ttt iieiiiee i eanieeniaiianes 100 250 250 Volts
SCREEN VOLTAGE. ... iriteiiecianarnnrneenananas 36 50 100 max. Volts

GRID VOLTAGE. .. oot iiii e iieieeereaneneanes -2 -2  —4.3 Volts
CATHODE RESISTOR. e vvvieeinviieiniianaennenns 12500 3000 10000 Ohms
SUPPRESSOR. 1 et evteineitneneeiienanriatenenanannnas Connected to cathode at socket

CATHODE CURRENT (Nosignal). .. .cvvevvennviennn., 0.16 0.65 0.43 Milliampere
PLATE RESISTOR. ..t ot ititiinnaetncetaenreannses 0.95 0.925 0.50 Mesgohm
PLOCKING CONDENSER ¢\ .evvetttiieevieannrannaas 0.01 0.03 0.03 uf

GRID RESISTORY. ... oevveiiiiie et e e 0.95 0.925 0.925 Megohm
RF SIGNAL RMSYF* . ittt iirianieenanns 1.88 1.18  1.37 Volts

* Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by plate current.
1 For the following amplifier tube.

** With these signal voltages modulated 20%, the voltage output for the 100-volt plate supply is 14 peak
volts at the grid of the following amplifier, a value sufficient to insure full audio output from a type 43: likewise,
for the 250-volt conditions, 17 peak volts, a vatue sufficient to insure full audio output from a type 2A5.

Detector bias may be obtained from a bleede- 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 & 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 obtained in this stage.

AVERAGE PLATE CHARACTERISTICS
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Type 78

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 78 is a triple-grid super-control
amplifier tube recommended for service

1

M N i . 4 GRID-META_ TOP CAP
in the radio-frequency a_nd |nte;med|ate- e 5
frequency stagLes of radio receivers de-

signed for its characteristics. The ability of

this tube to handle 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. Theinternal shield around the plate ofthe 78 is connected to the cathode
within the tube.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C).vviviiiiiiine 6.3 Volts
HEATER CURRENT . et v iveeereimneeenennnnaananns 0.3 Ampere
PLATE VOLTAGE . . . ov. ... 90 180 950 max. 250 max.  Volts
SCREEN VOLTAGE......... 90 75 100 195 max. Volts
GRID VOLTAGE (Minimum). -3 -3 -3 -3 Volts
SUPPRESSOR. v vvvvvnnnnn Connected to cathode at socket
PLATE CURRENT........... 5.4 4.0 7.0 10.5 Milliamperes
SCREEN CURRENT.......... 1.3 1.0 1.7 9.6 Milliamperes
PLATE RESISTANCE . . . ..... 0.315 1.0 0.8 0.6 Megohm
AMPLIFICATION FACTOR. . . 400 1100 1160 960
MUTUAL CONDUCTANCE... 1275 1100 1450 1650 Micromhos
GRID VOLTAGE*.......... —38.5 —32.5 —49.5 -—59.5 Volts
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. puk
INPUT CAPACITANCE . . .o v vvevieenennnnnnn 4.5 puf
QUTPUT CAPACITANCE . o .o vvveevinennnnnns 11.0 uuf
BULB (For dimensions, see Page 151, Fig. 7)...........ovvvunn. ST-12
0N Small Metal
BASE . vttt i e e i e e e e Small 6-Pin

* For mutual conductance = 2 micromhos.

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 heaster-cathode type of cmma-.)‘.:mmw;;
tube combining in one bulb two high-mu BOTTOM VIEW
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 separste external terminals 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.orD. C).ooievivinal 6.3 Volts
HEATER CURRENT cossssvmn & ¢ w5 5 5 mowm ¢ 5 soiwi € 5 5 5w 5 8 0.6 Ampere
BuLB (For dimensions, see Page 151, Fig. 7)........ccooinnn... ST-12
@ PO Small Metal
BASE . ¢ ittt i i et ie et e Small 6-Pin
As Class B Power Amplifier
PLATE VOLTAGE. + « e vvrtereeeiivnnnnncnnnanns 950 max.  Volts
PeAk PLATE CURRENT (Per plate). . covvvvvnnninnnnn. 90 max.  Milliamperes
AVERAGE PLATE DISSIPATION. ..o oot 11.5 max.  Watts
TypICAL OPERATION
Plate Voltage. . .. oeoveverereieenrannns 180 950 Volts
Grid Voltage. . .« ovvveiennennennnnnn 0 0 Volts
Zero-Signal Plate Current (PerPlate) . . ... . 3.8 5.3 Milliamperes
Effective Load Resistance (Plate-to-plste). . . 7000 14000 Ohms
Power Output (Approximate)*.........,. 5.5 8.0 Watts

* \With average power input of 380 milliwatts applied between srids.

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 its recommended value ?or full-Ioazfoperating 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’, the hesters 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 fs required to take care of the additional 0.3-ampere
heater 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 resistance of 21 ohms.

For cathode operation, refer to INSTALLATION on type 6A7.

APPLICATION

As & Class B power amplifier, the 79 is used in circuits similsr 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 a 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.

OPERATION CHARACTERISTICS

TYPE 79 —[ |
E£ =63 VOLTS
INPUT ~CLASS A-ONE TYPE
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PLATE VOLTS=185.5 GRIO VOLTS=-}4.5
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Type 80
FULL-WAVE RECTIFIER

The 80 is a fuli-wave rectifying tube

(CCPLATE  PLAT
oas MEA

intended for use in d-c power-supply BOTTOM VIEW
devices which operste from the a-c sup-
ply line.
CHARACTERISTICS
FILAMENT VOLTAGE (A, C)ovvviiiiiiiiieienannes 5.0 Voits
FILAMENT CURRENT . . oo vviiiiiiieeieienenenanans 2.0 Amperes
1 {A—C PLATE VOLTAGE PER PLATE(RMS).......... 350 Volts
D-C OUTPUT CURRENT. . .ot eiiereaninennns 125 max.  Milliamperes
9 {A-C PLATE VOLTAGE PER PLATE RMS). .. ....... 400 max.  Volts
D-COUTPUT CURRENT .« +oiev v eeieeveaaen 110 max.  Milliamperes
3.1 A-C PLATE VOLTAGE PER PLATE(RMS). .. ....... 550 max.  Volts
AD-C OUTPUT CURRENT . « v v v oveveeiineee e 135 max.  Milliamperes
BuLB (For dimensians, see Page 151, Fig. 11).................. ST-14
BASE. & n 55 oiie s o o0siid s o md § 5 5 0 5 % G5 5 5§ R SHAE T e A F e e Medium 4-Pin

* This rating is permissible only with Rlter circuits having an input choke of at least 20 henries.

INSTALLATION

The base pins of the 80 fit the standard four-cantact 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 open-
ings, 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-¢ 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
slft, 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 ratings given under CHARACTERISTICS.

As a half-wave rectifier, two 80's may be operated in a full-wave circuit with reason-
able 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 Icad conditions per tube are the same as for full-wave service.

The filter may be of either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of the
a-c input voltage. The peak value is about 1.4 times the RMS value as measured by
most a-c voltmeters. Filter condensers, therefore, especially the input condenser, should
have a rating high enough to withstand the instantaneous peak value, if breakdown
is to be avoided. When the input-choke method is used, the available d-c output voliage
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.
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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-¢
power-supply devices operating from the
alternating-current supply line. Full-wave
rectification may be accomplished by

BOTTOM  VIEW

two '81°%.
CHARACTERISTICS

FILAMENT VOLTAGE (A. C) e veie e ieeeens 7.5 Volts
FILAMENT CURRENT, . .\ vt te i iee e e, 1.95 Amperes
A-CPLATE VOLTAGE(RMS). . . v 700 max.  Volts

D-C OUTPUT CURRENT .+« o vt eie et iiie e e 85 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 15).................. 519

BASE o e, 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 made 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 o
step-down transformer. The voltage applied to the filament terminals should be the
rated value of 7.5 volts under operating conditions and average line voltage.

The approximate d-c output voltage of the '81 in half-wave and full-wave connection,
for various values of a-c input voltage, may 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 rectifier, the ‘81 may be operated under conditions not to exceed

those given under CHARACTERISTICS.

In full-wave circuits, two '81’s are required to rectify each half of the a-¢ 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 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
vcl;ltage.d 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 a-c input-voltage per tube. This is accomplished by means of a
voltage-doubling system designed for each particuler application. See page 17.
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Type 82

FULL-WAVE MERCURY-VAPOR
RECTIFIER

The 82 is a full-wave mercury-vapor
rectifier tube of the hot-cathode type for
use in suitable rectifying devices designed BOTTOM VIEW
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
characteristic of the 82 is due to its low and practically constant tube voltage drop
(only about 15 volts) for any current drain up to the Full emission of the filament
(see page 4).

PLATE  PLATE,
"5 &

CHARACTERISTICS
FILAMENT VOLTAGE (A. C).oovv v 2.5 Volts
FILAMENT CURRENT . o e vveve s e e 3.0 Amperes
A-C VOLTAGE PERPLATE(RMS). ...t 500 max. Volts
PEAK INVERSE VOLTAGE . cvevr e vvvennoreneineeonns 1400 max.  Volts
D-C QOuTPUT CURRENT (Continuous). . .« cvvvveenn.. 125 max.  Milliamperes
PEAK PLATE CURRENT . 4 vavereernennncnnennneonann 400 max.  Milliamperes
TuBe VOLTAGE DROP (Approximate). .. ............. 15 Volts
BuLB (For dimensions, see Page 151, Fig. 9)........coovvveinnn S-14
BASE: w:ssmassnmme REEE e e e r e e, Medium 4-Pin

MERCURY-VAPOR RECTIFIER CONSIDERATIONS

The 82 has very low internal resistance, so that the current it delivers depends on
the resistance of the load and the regulation of the power transformer. Sufficient pro-
tective 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
increase rapidly and may permanently damage the filaments.

It is characteristic of mercury-vapor rectifiers that no appreciable plate current will
flow until the plate voltage reaches a certain critical positive value. At this point the
plate current rises steeply to a high value in a small fraction of a second. This surge of
current re-occurring each time either plate becomes positive may excite circuits in the
vicinity of the tube to damped oscillation and thus cause noisy radio receiver operation.
It is usually necessary, therefore, to provide small radio-frequency chokes in series with
each plate lead so that the slope of the current wave front to the flter is reduced
sufficiently to eliminate impact excitation.

INSTALLATION

The base pins of the 82 fit the standard four-contact socket, which should be installed
to hold the tube in a vertical position with the base down. Only a socket making very
good filament contact and capable of carrying 3 amperes continuously should be used.
Poor contact at the filament pins will cause overheating at 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 continuous operation. Provision should be made for
adequate natural ventilation to prevent overheating, especially if shielding is employed.

The coated filament is intended for a-c operation from one of the secondary windings
of a power transformer. This winding, provided with a center-tap or center-tap resistor,
should supply at the filament terminals the rated operating voltage of 2.5 volts when
average rated voltage is applied to the primary. The high current taken by the filament
and the possibility of damage caused by applying plate voltage to the tube with its
filament insufficiently heated make it imperative that all connections in the filament
circuit be of low resistance and of adequate current-carrying capacity.

The plate supply is obtained from a center-tapped high-voltage winding designed
so that the maximum a-c input 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 prac-
tically 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 windins.

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 flow under abnormal conditions.

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

APPLICATION

As a full-wave rectifier, the 82 is recommended for supplying d-c power to receivers,
particularly those in which the diiect-current requirements cause considerable variation
in the load impressed on the rectifier tube.

As a half-wave rectifier, the 82 may be operated with plates connected in parallel.
For example, two 82's so arranged in a full-wave circuit can supply twice the output
current of a single tube. When the 82's plates are operated in parallel, a resistor of not
less than 100 ohms should be connected in series with each plate in order that each
plate will carry its proper share of the total load.

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 CHARAC-
TERISTICS 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 82 under
the most favorable conditions,

Under operating conditions, the 82 has a bluish-white glow filling the space within
the plates and extending to some desree into the surrounding space outside the plates.
This glow caused by the mercury vapor, is an inherent operating characteristic of the 89.
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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 hot-
cathode type. It is intended for use in BOTTOM “vIEWY
suitable rectitying devices designed to
supply d-c power of uniform voltage to
receivers. The excellent voltage regulation characteristic of the 83 is due to its low and
practically constant tube voltage drop (only about 15 volts) for any current drain up to
the full emission of its filaments. For mercury-vapor rectifier considerations, refer to
pages 4 and 195.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.)o i oo ee e eiiiiiieeees 5.0 Volts
FILAMENT CURRENT . ¢ ¢t v v et eetimaee v nananananas 3.0 Amperes
A-C PLATE VOLTAGE PER PLATE(RMS). . ... ccuvntnt. 500 max. Volts
PEAK INVERSE VOLTAGE. ...\t iiiiie e eiiaeenannn 1400 max. Volts
D-C OUTPUT CURRENT (Continuous). . . .. vvvrvunnnnn 250 max.  Milliamperes
PEAK PLATE CCURRENT u & s 5 s i s 65 56 4 5 ¢ s 6 5 o0 o 5 4 800 max.  Milliamperes
TuBE VOLTAGE DROP (Approximate). . .............. 15 Volts
BuLB (For dimensions, see Page 151, Fig. 13).................. ST-16
B ASE . it e e 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 of d-c power
to receivers whose requirements are in excess of the rating of the 82. The 83 is recom-
mended for heavy-drain receivers in which the direct-current requirements cause consider-
able variation in the load impressed 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 rating 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 CHARAC-
TERISTICS 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. AOTTON "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
HEATER VOLTAGE (A. C)evve e iiiiin e 5.0 Volts
HEATER CURRENT S 55 5 5 » moss 15 5w o 5 wwwsmi o v 3 wovw 3 3 g s 2.0 Amperes
A-C PLATE VOLTAGE PERPLATE(RMS).............. 400 max.  Volts
D-C OUTPUT CURRENT . « . v veviieeaitenneenanens 900 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 11).....vviiinnnn... ST-14
BASE. ittt ittt e e e e 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. Provision should be made for
adequate natural ventilation to prevent overheating.

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 e e,

As a full-wave rectifier, the 83-v is useful for sup- “-CONDENSER(CIINPUT 10 FILTER
plying large amounts of d-c power to receivers, particu- 7 b ] I l
larly those in which the d-c requirements cause con- §& e b
siderable variation in the load impressed on the Es ™ <] "‘g;
rectifier tube. 2 i

Filter circuits of either the choke-input or the 3, e -
condenser-input type may be employed, provided the 2 \\\\,,,‘_
maximum voltages and currents tabulated under CHAR- & T 1P
ACTERISTICS are not exceeded. The choke-input type '§_4°° ]
of circuit is to be preferred from the standpoint of ob- 5 R auf—
taining the maximum continuous d-c output current 530 ~a
from the 83-v under the most favorable conditions. 9 ~nl

For discussion of rectifiers and filter circuits, refer —— =
to pages 17 and 98, respectively. 0-C LOAD MILLIAMPERES
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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 automobile-
radio equipment designed for its charac-
teristics. This type is interchangeabie

BOTTOM VIEW

with the 6Z4.
CHARACTERISTICS

HEATER VOLTAGE(A. C.orD.C). v 6.3 Volts
HEATER CURRENT . s 6.5 555w w5 svis 6 wwa o5 95w 5 5w 0 4 0.5 Ampere
A-C PLATE VOLTAGE PER PLATE(RMS). .........ett 350 max. Volts

PEAK INVERSE VOLTAGE. vt ievvrieareinanneeenns 1000 max.  Volts

D-C OUTPUT CURRENT. « 4 v v veeeeieeneeaneeannnns 50 max.  Milliamperes
BuULB (For dimensions, see Page 151, Fig. 6)................... ST-12

BASE s:smimmsaismmss s 6 S1e6s 2750 $a5 575 s M was ww i 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 will become very hot under certain conditions of operation.
Adequate ventilation should be provided for cooling the tube by the use of chassis
enclosures designed to radiate heat efficiently, -

OPERATION CHARACTERISTICS

The heater is designed so that the normal voltage T Fwisd |
variation of 6-volt automobile batteries during charge —] 303 vous —
and discharge will not materially affect the perform- 1~ —eonecaericoatin) | |
ance or serviceability of this tube. In such service, the T Bl
heater terminals of the socket should be connected &
directly across a 6-volt battery. Leads to the battery 5° IS fna
: . i e
should have as low resistance as practical. The d-¢ ¢ -
potential difference heater and cathode should be 5 T
limited to 500 volts. £ H?‘
: ~Brpe
.Jz ol et vl i
APPLICATION : T
As a full-wave rectifier, the 84 may be operated g
with condenser-input or choke-input filter under con- £
ditions not to exceed the ratings given under CHAR- ST SRE. ...

ACTERISTICS.

As a half-wave rectifier, the 84 may be used by connecting the two plate terminals
together at the socket. With this arrangement, the maximum d-c output current is 75 milli-
amperes, while other values are the same as for full-wave service.
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Type 85
DUPLEX-DIODE TRIODE

The 85 is a heaster type of tube con-
sisting of two diodes and a triode in
a single bulb. [t is for use as a com-
bined detector, amplifier, and automatic- BOLIOM VIEW
volume-control tube in radio 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, the diodes of this tube can perform the functions of detection and of auto-
matic 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.orD. C)o v i 6.3 Volts
HEATER CURRENT s s s somnsssmmvcs s mnss spmausemsis 0.3 Ampere
GRID-PLATE CAPACITANCE . .o v v v e vveiveeeeeieannnn 1.5 uuf
GRID-CATHODE CAPACITANCE . .« o oo vvvvieeevaenns 1.5 puf
PLATE-CATHODE CAPACITANCE. .+ covvvvvee e 4.3 wpf

BuLB (For dimensions, see Page 151, Fig. 7)................... ST-12
AP s oo oners 555 5508 mr e B 55 BRI £ 8 5 ABE 5 5 % W0 5 E 5 G0E £ 5 Bddim 5 m Small Metal
BASE . o ottt e e Small 6-Pin

Triode Unit—As Class A Amplifier

PLATE VOLTAGE. . . .oooiieenne 135 180 250 max.  Volts
GRID VOLTAGE. . ... e -10.5 —-13.5 —90 Volts
AMPLIFICATION FACTOR. . ........ 8.3 8.3 8.3
PLATE RESISTANCE. . ...« oo v v e 11000 8500 7500 Ohms
MUTUAL CONDUCTANCE. ......... 750 975 1100 Micromhos
PLATE CURRENT. .. oot 3.7 6.0 8.0 Milliamperes
LOAD RESISTANCE. . .. .. R, 25000 20000 20000 Ohms
POWER QOUTPUT. . .. vveeeee e 0.075 0.16 0.35 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 operstion and cathode connection, refer to INSTALLATION under
type 6A7.
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Complete shielding of detector circuits employing the 85 is generally necessary to
prevent r-f or i-f coupling between the diode circuits and the circuits of other stages.

APPLICATION

For application of the 85 refer to APPLICATION on type 55. The plate family of
characteristics for the triode unit is given under type 55.

TYPICAL DUPLEX-DIODE TRIODE CIRCUITS

HALF -WAVE DETECTOR FULL-WAVE DETECTOR HALF-WAVE DETECTOR
DIODE BIASED AMPLIFIER DIODE BIASED AMPLIFIER FIXED BIAS AMPLIF IER
RFC T I i f AF
i PAF Tcl R bar B T 4
= Cs Ce = Tc
C Co t ] 9
R (N — R Ry .
Ry 3 [ 3 ) & é
W ’E—]. +
__"ETJ 8+ B+ LS T
FiG.1 FIG.2 FI1G.3
HALF-WAVE DETECTOR HALF-WAVE DETECTOR HALF-WAVE DETECTOR, SEPARATE
DIODE BIASED D-C AMPLIFIER FIXED BIAS AMPLIFIER AN.C, FIXED BIAS AMPLIFIER
‘ ‘ ]
Ra Ic c
L _4c| AN - AF 2 ‘N‘%qc#- ' AF
T Ry - LiTes Toe i P 3 i
— — AR “RI| 3rq |4 Y 00— 2t
REGULATING %G Cs on cs 250V, —
VOLTAGE Rp Rz 5¢ R4
— " A B8+ aveed B B+ AVC e
8 e T, i
FIG.4 = FIGS ¥ FIG6
APPROXIMATE VALUES
¢yu{130 ¥ FOR 500-1500 KC. Cg=0Q000) Uf OR SMALLER
450 paf FOR (7S 1C, Ry = Q8=10 MEGOHM
Ca= aipf Rp= LO=LE MEGOHMS
Ca= aipf Ra3=Q) MEGOHM
C4 = Q5UF OR LARGER Rq =Q5=10 MEGOHM
Cs = QS Uf OR LARGER Rg = L0 MEGOHM
Cg = OOI—OIpF Rg = 25000+75000 OHMS
Cy = Q0005-Q00IPF Ep =VOLTAGE FOR SENSITIVITY
Cp = Ouuf OR LARGER CONTROL
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Type 89
TRIPLE-GRID POWER AMPLIFIER

The 89 is a triple-grid power-
amplifier tube of the heater-cathode
type recommended for use in receivers BOTIOM VIEW
with 6.3-volt heater supply. The triple-
grid construction of this tube, with ex-
ternal 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 Tricde.

CHARACTERISTICS
HEATER VOLTAGE(A. C.or D. C).ovvvvv v 6.3 Volts
HEATER CURRENT ottt i iererrerrerenenenens 0.4 Ampere
BuLB (For dimensions, see Page 151, Fig. 7)...........covuue. ST-12
LN T Small Metal
BASE & 555 5 5 o 5 i o o 5 o ma o § 5 B § 6B § o F 8 5 R 5 Small 6-Pin
Class A Power Amplifier—Triode Connection
(Grids No. 2 and No. 3 tied to plate)

PLATE VOLTAGE. e vvvvvnvnnnnn 160 180 950 max. Volts
GRID VOLTAGE (Grid No. 1)...... —-20 —92.5 -31 Volts
PLATE CURRENT . ¢ v vrvevnnennnns 17 20 32 Milliamperes
AMPLIFICATION FACTOR.......... 4.7 4.7 4.7
PLATE RESISTANCE. .. eveeuennnnn 3300 3000 2600 Ohms
MuTuAL CONDUCTANCE.......... 1495 1550 1800 Micromhos
LOAD RESISTANCE®*.....ccvt..... 7000 6500 5500 Ohms
SELF-BIAS RESISTOR. . v cvvvvnen.. 1180 1125 970 Ohms
UNDISTORTED POWER QUTPUT. . . .. 0.3 0.4 0.9 Watt

* Optimum for maxi distorted power output. Approximately twice the value or any given set of
conditions is recommended for load of this tube when used os driver for Class B stage.

Class A Power Amplifier—Pentode Connection
(Grid No. 3 tied to cathede)

PLATE VOLTAGE.......... 100 135 180 950 max. Volts
SCREEN VOLT. (Grid No. 2) 100 135 180 950 max.  Volts
GRID VOLTAGE(Grid No.1) —10 -13.5 —18 —95 Volts
PLATE CURRENT...ouvuunnn 9.5 14 20 32 Milliamperes
SCREEN CURRENT.......... 1.6 2.2 3.0 5.5 Milliamperes
AMPLIFICATION FACTOR. .. 195 125 195 195
PLATE RESISTANCE. .. ..... 104000 92500 80000 70000 Ohms
MUTUAL CONDUCTANCE... 1200 1350 1550 1800 Micromhos
LOAD RESISTANCE......... 10700 9200 8000 6750 Ohms
SELF-BIAS RESISTOR........ 900 830 785 670 Ohms
POWER OUTPUT*.......... 0.33 0.75 1.5 3.4 Watts

* 9% total harmonic distortion.
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Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate)
PLATE VOLTAGE. ... ieriieiiiineniieaiaeeans 250 max.  Volts
PEAK PLATE CURRENT . & v i tteieetereeninraesenenses 90 max.  Milliamperes
AVERAGE GRID Di1sSIPATION (Grids No. 1 and No. 2) 0.35 max.  Weatt
TypiICAL OPERATION (2 tubes)

Plate Voltage. ..o vv it iiiieiieananens 180 Volts

Grid Voltage (Grids No. 1 and No. 2 together). . .. 0 Volts

Zero-Signal Plate Current (Per tube)............... 3 Milliamperes

Effective Load Resistance (Plate-to-plate). .. ........ 9400 Ohms

Power Qutput, Approximate (2 tubes)............. 3.5 Watts
INSTALLATION

The base pins of the 89 fit the standard six-contact socket which may be instslled to
hold the tube in any position. Sufficient ventilation should be provided to circulate
air freely around the tube to prevent overheating.

For heater operation, see type 41; 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 Power-
Amplifier Triode. When it is used as the driver for a Class B stage, the load requirements
are changed as indicated in the note under CHARACTERISTICS. This change is recom-
mended in order to minimize distortion due to

the driver Stdge. OPER%T.‘AON %Hé;REAR(A:‘{l RISTICS

For Class A Pentode Operation of the 89, e ]
the grid (No. 3) adjacent to the plate is tied e -
to the cathode and thus serves as the suppressor, T P XS vrs-0 | B
while the other two grids (No. 1 and No. 9) VA R T Nm o Varsme. |

| INPUT TRANSFORMER VOLTAGE RATIO. =37} w

serve as the screen-grid and control-grid respec- CUTPUT LOAD,PLATE TO PLATE= 800 eS|
tively. Operation of the tube is then similar to It Aot tsioalpr L3
any Class A power-output pentode. }0 t; § R

For either method of Class A operation the .'v:"“ = (p‘r 23 £
self-bias resistor should be shunted by a suitable £ o 1] o g
filter network to avoid degenerative effects at 5 ¢;"/ 5 55 %
low audio frequencies. The use of two 89'sin &~ Y| & $¢
push-pull eliminates the necessity for shunting ¢ v g 3
the resistor. The value of the self-bias resistor £ .of—1<4 osze | awiog
required for two tubes in the same stage is ap- e ) © *““" R
proximately one-half that for a single tube. | L TR e ¢ e

When the 89 is operated as a Class A SRIVER SN vOLTS Cae) 'C

Amplifier (triode or pentode), transformer- or
impedance-coupling devices are recommended. If, however, resistance coupling s
used, a resistance of 1.0 megohm may be employed, provided the heater voltage does
not rise more than. 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. ) are connected together
to serve as a single control grid. A discussion of Class B design features is given on page 16.
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AVERAGE PLATE CHARACTERISTICS
CLASS A OPERATION- PENTODE CONNECTION
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Types V99 and X99
DETECTORS, AMPLIFIERS

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

CHARACTERISTICS
FILAMENT VOLTAGE(D. C.). oot v v iiieeienene 3.0-3.3 Volts
FILAMENT CURRENT .« oo v e vt ie vt nienenans 0.060-0.063 Ampere
PLATE VOLTAGE. vt vtiiiviiieiieeevnnnnnnnn 90 max. Volts
GRID VOLTAGE & s 5 w3 wsown 8 5 & w08 5 5 5wl £ 3 5505 8 —4.5 Volts
PLATE CURRENT .+« ttiiivieeienneanrernnnnnn 2.5 Milliamperes
PLATE RESISTANCE. ..o ive e ieeie e ieinianens 15500 Ohms
AMPLIFICATION FACTOR. . ... vivive i iiinns 6.6
MUTUAL CONDUCTANCE. .. v eevieaenarerneees 495 Micromhos
GRID-PLATE CAPACITANCE. .o e e e evveevnnnnnnans 3.3 puf
GRID-FILAMENT CAPACITANCE. ..cvvivannvnnnnn 2.5 unf
PLATE-FILAMENT CAPACITANCE. ... .. vvevnennnnn 2.5 uuf
Type V99 Type X99
BUlB (See Page 151) . . viiininenreinieaennnnns T-8 (Fig. 3) T-8 (Fig. 1)
BASES: 5 s v v o250 6 4 55000 0 0 o Rt € 5 50558 8 0 o i § 5 5 BG4 & Small 4-Nub Small 4-Pin
INSTALLATION

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 micro-

TYPE v 99 TYPE X 99
BOTTOM VIEW phonic disturbances are encountered. BOTTOM MlEW

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 gf 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.
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Type 112-A

DETECTOR, AMPLIFIER

The 112-A is a three-electrode
storage-battery tube for use as a detector
and as an amplifier.

BOTIOM VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.) v v vv i iviiiviiiieenns 5.0 Volts
FILAMENT CURRENT . . v v v v eeeanrenennceeenannnanns 0.25 Ampere
PLATE VOLTAGE. . c et vrenennnn. 90 135 180 max. Volts
GRID VOLTAGE . v e veveevvnnnnnns —4.5 -9 -13.5 Volts
PLATE CURRENT . ¢ v v vvnvvneecrenn 5.0 6.2 7.7 Milliamperes
PLATE RESISTANCE. « oo veveercanns 5400 5100 4700 Ohms
AMPLIFICATION FACTOR. .o enunn . 8.5 8.5 8.5
MUTUAL CONDUCTANCE. ......... 1575 1650 1800 Micromhos
LOAD RESISTANCE. « ccvvvvvenann 5000 9000 10650 Ohms
UNDISTORTED POWER QUTPUT. .. .. 0.035 0.13 0.985 Watt
GRID-PLATE CAPACITANCE. ..o covvvenannnn 8.5 uuf
GRID-FILAMENT CAPACITANCE. .0 e vvv e 4.0 puf
PLATE-FILAMENT CAPACITANCE. .. ..cvntuu. 2.0 puf
BULB (For dimensions, see Page 151, Fig. 11).........couvn.... ST-14
27 -3 Medium 4-Pin Bayonet

INSTALLATION AND APPLICATION

The base pins of the 112-A fit the standard four-contact socket which should be
installed to hold the tube in a vertical position.

As a detector, the 112-A may be operated either with grid leak and condenser or
with grid bias. For grid-bias detection, plate voltages up to the maximum value of
180 volts may be used with the corresponding negative grid-bias voltage (15 volts
approximately, at 180 volts).

As an amplifier, the 112-A should be operated as shown under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS

40
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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 gas-filled type for use in storage-
battery-operated receivers. As a grid-leak detector, this tube is especially effective on
weak signals. See RADIO TUBE CHART for operating conditions.

The 11 and 12 are detector-amplifier tubes of the three-electrode construction for
use in older types of dry-cell-operated receivers. Their electrical characteristics are
identical. The 11, however, fits only the WD socket, while the 12 fits the standard
four-contact socket. See RADIO TUBE CHART for characteristics.

The '20 is a three-electrode power amplifier tube intended for use in the last audio
stage of dry-battery-operated receivers using the 99 and/or 22. See RADIO TUBE
CHART for characteristics.

The 40 is a storage-battery tube of the three-electrode high-mu type designed for
use in resistance- or impedance-coupled amplifier or detector circuits. See RADIO
TUBE CHART for characteristics.

The 874 is a voltage regulator tube designed to maintain constant d-¢ output voltage
from rectifier devices for different values of d-c load current. In such devices, the 874
maintains an approximately constant d-c voltage of 90 volts across its terminals for any
current from 10 to 50 mimamperes. This tube consists of two electrodes (a cathode and
an anode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced

low in operation. This type has an 5-17 bulb (see page 151) and a medium 4-pin base.
ocket connections with reference to Fig. 1 of RADIO TUBE CHART are as follows:
Pin No. 1 is anode (4); Pin No. 2 is connected within base to Pin No. 4; Pin No. 3 is
cathode (—); Pin No. 4 is connected to Pin No. 2.
The 876 is a current regulator designed for use in series with the prima_rl-_\‘ of a power

transformer to absorb the voltage variations normal to a-c power lines. The operating
current of this tube is 1.7 amperes for a voltage range of 40 to 60 volts drop in the tube.

The 886 is similar to the 876. The operating current of this tube is 2.05 amperes for a
voltage range of 40-60 volts drop in the tube.

INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE
VOLTAGE AMPLIFIERS | CONVERTERS MIXER TUBES
e PoER 6| INCLUDING IN SUPER. | DETECTORS| ~ IN SUPER. | RECTIFIERS
: DUPLEX-DIODE TYPES | HETERODYNES HETERODYNES
1.1 — 11,12 — 11,12 — -
1.5 — 26 — — — -
2.0 19, 31,
33, 49 30, 32, 34 1A6, 106 30,32 | 1A6,1C6,34 | —
2A3, 2A5, | 2A6, 287, 24-A, 21, 35, 9A6, 2B7, | 2A7, 24.A,
25 | 45,46, 47, 55, 56, 57, 58 2A7 24.A,27, | 35,57,58 82
53, 59 55, 56, 57
3.3 ‘20 929, 99 — 99 — —
50 [112.A, T1-A 01-A, 40, 112-A — 00-A, 01-A, — 5273, 80,
40, 112-A 83, 83-v
6A4, 6A6, | 6B1, 6C6, 6D6, 6F1, 36, 6B7, 6C6, [6A7,6C6,6D6,
63 38,41,42, | 37,39/44,75,76, 71, 6A7,6F1 | 6F1,36,31,|  6F1, 36, 1ov, 84
9, 89 78,85 15,76,71, | 39744, 71,
g5 78
1.5 10, 50 — — — — ‘81
12.6 - — — — — 19723
25.0 43 — — — -— 2525
300 48 - - — — —
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Radio Tube Testing

The radio tube user—service man, experimenter, and non-technical radio listener—
is interested in knowing the condition of his tubes, since they govern the performance
of the device in which they are used. In order to determine tﬁe condition of a tube,
some method of test is necessary.

Since the operating capabilities and design features of a tube are indicated and
described by its electrical characteristics, a tube is tested by measuring its characteristics
and comparing them with representative values established as standard for that type.
Tubes which read abnormally high with respect to the standard for the type are subject
to criticism just the same as tubes which are too low.

Certain practical limitations are placed on the accuracy with which a tube test can
be correlated with actual tube perfgrmence. These limitations make it unnecessary for
the service man and dealer to employ complex and costly testing equipment having
laboratory accuracy.

Since the accuracy of the tube-testing device need be no greater than the accuracy of
the correlation between test results and receiver performance, and since certain funda-
mental characteristics are virtually fixed by the manufacturing technique of leading tube
manufacturers, it is possible to employ a relatively simple test in order to determine the
serviceability of a tube.

In view of these factors, dealers and service men will find it economically expedient
to obtain adequate accuracy and simplicity of operation by employing a device which
indicates the status of a single characteristic. - Whether the tube is satisfactory or un-
satisfactory is judged from 312 test result of this single characteristic. Consequently,
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. Voltages are applied
between the various electrodes with lamps in series with the electrode Ieads. Any two
shorted electrodes complete a circuit and light one or more lamps. Since two electrodes
may be just touching to give & high-resistance short, it is desirable that the indicsting
lamps operate on very low current. It is also desirable to maintain the filament or heater
of the tube at its operating temperature during the short-circuit test, because short-circuits
in a tube may sometimes occur only when the electrodes are heated.

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST

Some characteristics of a tube are far more important 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 higher than that of a device which measures
a less representative characteristic. Consequently, three methods of test will be discussed,

ranging from relatively simple and inexpensive equipment to more elaborate, more
accurate, and more costly devices.

An emission test is perhaps the simplest method of indicating a tube’s condition.
gRefer to DIODES, page 3, for a discussion of electronic emission.) Since emission
alls off as the tube wears out, low emission is indicative of the end of tube serviceability.
However, the emission test is subject to limitations because it tests the tube under static
conditions and does not take into account the actual operation of the tube. On the one
hand, coated filaments, or cathodes, often develop active spots from which the emission
is so great that the reiatively small grid area adjacent to these spots cannot control the
electron stream. Under these conditions, the total emission may indicate the tube to be
normal although the tube is unsatisfactory. On the other hand, coated types of filaments
are capable of such large emission that the tube will often operate satisfactorily after
the emission has fallen far below the original value,

Fig. 39 shows the fundamental circuit diagram for an emission test. All of the elec-
trodes of the tube, except the cathode, are connected to the dplate. 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 dvai{able electrons has been so reduced that the tube is no longer able to function
properly.

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 is 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

ac
£ W51
T+
: ©
I A
I ‘ v i

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 reading in milliamperes 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 witﬁ 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 de-
veloped 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:

(D-c current in amperes)? X Load resistance in ohms

Power Output (watts) =

0.405

== .
ffoarn (3 uu&ufv:rsn
: % € 1
=il MILTAMMETER
-O1+——©
WAAMA -~ G
o ——w
—““-f -l'l'l'+ :
Fig. 43 Fig. 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.

9. 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 char-
acteristics 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 im-
possible 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.
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Gircuit Section

The circuit diagrams given on the following pages have been carefully chosen, not
necessarily to illustrate commercial practice, but rather to show many diF?'erent uses of
radio tubes. All of the circuits are conservatively designed to give reliable and satis-
factory 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 constants 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 tuned-

circuit parts car;dgenerally be purchased at very reasonable cost. Information on the

characteristics a

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

R-F_AMPLIFIER
TYPE 58

PENTAGRID CONVERTER
TYPE 2A7

I-F AMPLIFIER
TYPE 58

DIODE DETECTOR
DELAYED Av.C,
TYPE 55

Ta 11\ 1g
C2 N
- v
F
c(c c
cl I3
<
R R <
<
Rz
oy

TYPE 523

a}

CxOl uf
C/=OSCILLATOR PADDING CONDENSER
C2=GANGED VARIABLE CONDENSER

C9=0.25 Jf

R|= 300 OHMS,i WATT
R2=20000 OHMS, 0.5 WATT

R4=25000 OHMS, | WATT

Rg 2500000-OHM A-F VOLUME=-CONTROL
POTENTIOMETER

Rg x| MEGOHM

R7=200 OHMS, 5 WATTS

Rg=25000 OHMS, [0 WATTS

Rg=14000 OHMS , | WATT

L= 60~85 MILLIHENRY R-F CHOKE

L= 000=0HM SPEAKER FIELD,1I0 VOLTS

L= 20-30 HENRY FILTER CHOKE,600 OHMS

Ty =I75-KC_{-F TRANSFORMER

Ta= PLATE=TO-PUSH-PULL -GRID TRANSFORMER

T3 = OUTPUT TRANSFORMER FOR PUSH-PULL 2A5'S

T4=POWER TRANSFORMER

l:}=50000-|00000 OHMS, | WAT
NOTE: APPROXIMATE POWER OUTPUT OF 2A% STAGE, 6.0 WATTS, THE CONSTANTS OF THE THAEE R-F TRANSFOAMERS Ta.Tg AND Tc WHLL
DEPEND UPON THE FREQUENCY RANGE AND GENERAL LAYOUT OF THE SET,
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SUPERHETERODYNE AUTOMOBILE RECEIVER

WITH DELAYED AM.C.

R-F_AMPLIFIER PENTAGRID CONVERTER [-F AMPLIFIER DIODE DETECTOR, AVC.,
TYPE 6D6 TYPE 6A7 TYPE 606 TYPE 667
g 3 1
F =
4 m
L] L] L) '-—
Cc4 Cs Ce Ca
it
[
<
% R
p: <R3
SR) R2
R4
%‘5 el
1
{ __iTO HEATERS £—|
v & 6-voLT L h}‘s

STORAGE BATTERY

C1C2:C3=GANGED VARIABLE CONDENSERS
CaL8C1nC22.L27=0.05 LUf, 100V,
€5.C9:1C24:C32 = Ol LUF

C6:C7CI0:C11C16:C18:C19+C26,C29 =04 LUf, 250V,

Ci2=0SCILLATOR TRACKING CONDENSER
€13:C14 = TRIMMER CONDENSERS
Ci5=0.00025 LLf

C20= 000045 Jf

C21,C28=0.0001 Jf

C23=8 Ll 250V,

C25= 8 Ufy LOW VOLTAGE

G30= 25 Jf ELECTROLYTIC, 25V.

C31 = 0.02 JUf, 350 Ve

®

]
-A-B,GROUND  +i30V.
SPEAKER

RiR4sRGIR(g = 250000 OHMS, % WATT

R2,R9 = 300 OHMS, 0.1 WATT
R3sR0= 40000 OHMS, 0.5 WATT
Rg = 200 OHMS, 0.1 WATT

Rg = 25000 OHMS, 0.1 WATT

R7 = 50000 OHMS, 0.5 WATT
Ryl = 100000 OHMS, 0. WATT

R)3,R(5:R|9 = 0.5 MEGOHM, 0.1 WATT
Rig+Rj7 =1 MEGOHN, 0.1 WATT

Rig = 3500 OHMS, O. WATT

R20=600 OHMS, 0.5 WATT

R2(= 10000 OHMS, | WATT

L,LaL3=60-MLLINENRY R-F CHOKES

T),T2= I75KC. [-F TRANSFORMERS

T3=OUTPUT TRANSFORMER FOR
A SINGLE 4i

NON ~ RADIATING REGENERATIVE SHORT-WAVE RECEIVER *
2.5-VOLT A-C TYPES

DETECTOR

R~F_AMPLIFIER
TYPE 58 TYPE 58

T

ANTENNA
SYSTEM

L1411

i

LT O

A~F AMPLIFIER
TYPE_56

€,Co= 35 JIUf MIDGET TYPE
Caf4=100 UUf MIDGET TYPE
C5,Cq,C7 =001 Uf MICA TYPE
Ca=0d Uf

Cg,Ceo=0.00025 WF MICA TYPE

=1 Jf, 200V.

C)p=8-25 Uf ELECTROLYTIC, 25V
Ry = 300 OHMS 1 WATT

Qt250v,

Rg

Rp =10000-OHM WIRE -WOUND
POTENTIOMETER
R3 =100 000 OHMS, 1 WAT T
Ra= 75000 OHMS ,1 WATT
Rs™ 2-5 MEGOHMS,0d WATT
Re = 250000 OHMS,{ WATT
Ry =1 MEGOHM , O WATT
Rg = 2500 OHMS ,1 WATT

3

L‘/"éa_

Rg =15000 OHMS , 5 WAT TS

Rio= 50000 ~OHM POTENTIOMETER,
REGENERATION CONTROL

Ryt =5000 OHMS ,1 WATT

Iy = 8-MILLIHENRY R=-F CHOKE

(2= 300~500 HENRY A~F CHOKE

J° = HEADPHONE JACK

$y =S.R5.T. SWITCH

* |F A"B-BATTERY SUPFLY IS USED NSTEAD OF A POWER PACK, THE LEFT END OF POTENTIOMETER Rig SHOULD BE
CONNECTED TO +45V, OR+6Z5V. AND Rg AND Ry SHOULD BE OMITTED. A "8-SUPPLY AS OW AS 125V, CAN BE
USED, WITH MINOR CIRCUIT CHANGES.
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BATTERY~OPERATED SUPERHETERODYNE
2.0-VOLT TYPES
PENTAGRID

DIODE DETECTOR
R-F_AMPLIFIER CONVERTER I=F_AMPLIFIER M.C, A-F_AMPLIFIER
TYPE 34 TYPE IC6 TYPE 34 TYPE 30 TYPE_30

<

L
o2
fil—

SPEAKER T4

L '
| Ra Raz l
=8 & AMPLIFIER
Si L

q.(ac =GANGED VARIABLE CONDENSERS  Rz,Rj0=70000 OHMS,0.I' WATT R22=7000 OHMS, 0.0 WATT
.00025 |

v R3, Ra, Ry =1000 OHMS; 0.1 WATT Ra=1.4-0HM FILAMENT RESISTOR
Cs.q;cls-czhcza 0.05 U R23,R9,R|2,Ri3,Ria,Ria =0.5 MEGOHM, T|. E= 175-KC. 1-F TRANSFORMERS
C6C7. 13,614, C15,C17: G181 C19 =0-1 Jf

0.1 WATT LASS B INPUT TRANSFORMER
IO‘OSCILLA OR_ TRACKING CONDENSER R5=50000 OHMS, 0.1 WATT 14-C|.Ass B OUTPUT TRANSFORMER
c.,. = TRIMMER CONDENSERS R 20000 OMMS, 0.5 WATT iy TYPE 19
00045 Uf R7,R|g 35000 OHMS, 0.5 'A=FOUR N26 DRY CEL s
czz ooom bt Rig=0.5-MEGOHM POTENTIOMETER . N SERIES-PARALLEL
4R 13 A~F VOLUME CONTROL! REE HEAVY-DUTY 45V, B BATTERES
15 |7-loooa> OHMS, 0.1 WATT Rp0=7500 OHMS, 0.1 WATT “C29-V. C-BATTERY
R2| 2000 OHMS, 0.1 WATT $|=D.P.S.T. SWITCH

NOTE © IF A SINGLE 2.0-VOLT CELL OF A LEAD STORAGE BATTERY IS USED FOR THE A-BATTERY, Rp3 IS OMITTED
SEE DATA UNDER INSTALLATION ON TYPE 30 FOR ADDITIONAL INFORMATION ON FILAMENT SUPPLIES.

®

BATTERY- OPERATED SHORT-WAVE RECEIVER
2.0-VOLT TYPES

R-F AMPLIFIER DETECTOR POWER AMPLIFIER
TYPE 34 TYPE 34 TYPE 33
i
ANTENNA AL}
SYSTEM La AJ
A-F
R7 OUTPUT
- I r . b
~22.5V +BL5V. -A -B,#C, A +45\ -13.5V. +135V.
C1,C2 =100 YUF MDGET TYPE R2 =50000-0OHM POTENTIOMETER, R7=500000-0OHM POTENTIOMETER,
€3C4 =35 UUF MIDGET TYPE R-F VOLUME CONTROL A-F VOLUME CONTROL
C9:Ce:C70Ci 1 = 0.05 Uf R3 = 2-5 MEGOHMS, 0.1 WATT L|,L2sL3= 8-MILLIFENRY R-f CHOKE
€8:C(0 =0.0002S P F ILAMENT RHEOSTAT L 4= 300-300 HENRY CHOKE
Co=IJLf, 100V Rs = 50000-OHM POTENTIOMETER, T =OUTPUT TRANSFORMER FOR
Ry = 8000 OHMS, 0.1 WATT REGENERATION CONTROL A SINGLE 33
R = 250 000 OHMS, 0.1 WATT S|=D.P.S.T. BATTERY SWITCH
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A-C AND D-C SUPERHETERODYNE RECEIVER

Y PENTAGRID CONVERTER  Ff AMPLIFIER DETECTOR POWER AMPLIFIER
< TYPE 6A7 TYPE 78 TYPE 77 TYPE 43

ut!

L
T

3

N

Can.y

v

C = GANGED TUNING CONDENSER Rgm 12500 OHMS , | WATT
0.002 Uf Rg— 250000 OHMS , 1 WATT

R7= 500000 OHMS , 04 WATT

C3= OSCILLATm PADDING CONDENSER ~ Rg= 625 OHMS , 2 WATTS
Rg™ 20000~ OHM' BLEEDER , 1 WATT

C §= 0.00025 Mf Ri0= 150 OHMS , 25 WATTS
c f Ry = 60000 OHMS , 0.5 WATT
200V. R,z- 35000 OHMS, 0.5 WATT
1 f = 60-MILLIHENRY R-F CHOKE
50000~ OHM VOLUME-CONTROL |. = 2000-OHM SPEAKER FIELD, 100V.
POTENTIOMETER L 3= FITER CHOKE; MAX. RESSTANCE 200
N pepved R2= 150 OHMS, 1 WATT ; INDUCTANCE AS LARGE AS PRACTICAL
\ R3= 10000 OHMS, 0.5 WATT T4= 465-KC |-F TRANSFORMER
SERIES-HEATER CIRCUIT Rz = 430 OHMS, 1 WATT T2= OUTPUT TRANSFORMER FOR SINGLE 43

NOTE ¢ THE MECMANICAL LAYOUT OF THE SET WILL DETERMINE TO A LARGE EXTENT THE MINIMUM SIZE OF FILTER CHOKE
NECESSARY TO KEEP HUM AT A SATISFACTORY LEVEL .

NON - RADIATING REGENERATIVE SHORT - WAVE RECEIVER
6.3~-VOLT HEATER TYPES

DETECTOR TYPE 6C6

IST R-F STAGE 2ND R-F STAGE

AUDIO AMPLIFIER
c TYPE 6D 8 TYPE 6D6 TYPE 76

Cs

R SRz
oUTPUT

TS

O+687%v. O-+35V.

C = 30 puf TRIMMER Ry ™ 18000 OHMS, 0.9 WATT
Cy=0.01 -0 uf R4™ 150 OHMS,0.1 WATT

c;a,c4 = 0.00025 M f R5 = 50000-OHM_ POTENTIOME TER,

c3=1 uf REGENERATION CONTROL

Co= 0.0 jif Re™ 2000 OHMS,0.1 WATT

Co=8 Jf, 15V P7= 30000 OHMS , 1 WATT

R = 2-5 MEGOHMS Rg= 20000 OHMS; TAPERED; R-F VOLUME CONTROL
Ry = 250000 OHMS , 1 WATT L =10~ 50 MILLIHENRY R-F CHOKE

R2~1 MEGOHM , 0.1 WATT X =300 - 500 HENRY A-F CHOKE,2MA,

NOTE: TYPES 56,57, AND 58 MAY BE USED IN THIS CIRCUIT IN PLACE OF THE 78,8C8, AND 608 RESPECTIVELY, PROVIDED
THEY ARE OPERATED AT THEIR RECOMMENDED HEATER,SCREEN,PLATE AND GRID BIAS VOLTAGES.
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RCA CunningHAM RADIOTRON MANUAL

TUNED RADIO - FREQUENCY RECEIVER
2-VOLT FILAMENT TYPES

| ST R-F 2ND R-F DETECTOR 1 ST AUDIO POWER AMPLIFIER
__TYPE 34 ___TYPE 34 TYPE 30 L TYPE 30 TYPE 31
" 1
m 1
! |
C
[
L L (3

d \
[
4 4
1. L-tsl
675190 135
[ [ \ Ry
C = 0.1 JUf, 200 V- -3T0-22.5V,
C2 = 0.00028 Uf L Y
Ry = RHEOSTAT [
R 2= 50000-OHM_ VOLUME=~CONTROL X
POTENTIOMETER ===
L = 60-MILLIHENRY R~F CHOKE .y 157.5 VOLTS
X = D.P,S.T, SWITCH A~ A+ B-
NOTE: THE_BLEEOER
A TOTAL RESIS

Q
B+
WHICH SHOULD HAVE ADJUS'IhBLE TAPS TOGIVE THE VOLTAGES INDICATED, CAN HAVE
TANCE OF 30000 OHMS.

®

OPTIONAL DETECTOR AND AMPLIFIER FOR ABOVE CIRCUIT
DETECTOR POWER AMPLIFIER
TYPE_3

C1,Cam=1 Uf, 200V,

€3=0.00025 U

Cg =04 JUf, 300 V.

Ry =100000" OHMS, 1 WATT

Ry =20000 OHMS, { WATT

R3 =0.5 MEGOHM

Lylo = 60-MILLIHENRY R-F CHOKE
SOUTPUT TRANSFORMER

1

TO
SPEAKER

TO BLEEDER
=6 V. APPROX.

TO RHEO- +675V. +135Vv. TO BLEEDER
. STAT -

Ve

[145]



RCA CunningHAM RADIOTRON MANUAL

TUNED R-F RECEIVER WITH AV.C. AND CLASS AB 45S-OUTPUT I12WATTS

R-F AMPLFIER R-F_AMPLIFIER R-F. AMPLIFIER DETECTOR,AVC.  DRIVER
TYPE 58 TYPE 58 TYPE 58 TYPE 55 TYPE 56
Cas

4

<

<

P

<

T3 F
o
RECTIFIER
FUSE F YPE
C).C C3€4=CGANGED TUNING CONDENSERS  Ri0,R|7 = 0.5 MEGOHM, O WAT T Rp3=100-0HM WIRE-WOUND POTENTIOMETER
%D O JMf R|| =1 MEGOHM, 0.l WATT FOR PLATE CURRENT ADJUSTMENT OF 455

cm Cz1= 100001 LI Rj2= 500000-OHM POTENTIOMETER, L|,L2.L3,L4-60 MLLIEENRY R-F CHOKES
€18, C20,C22 = 0.05 Pf A-F VOLUME CONTROL L5 =20-30 HENRY, 465-OHM FILTER
Ci9.C24 = 8 JUf ELECTROLYTIC, 25V, RI5,R21= 50000 OHMS, 0.1 WAT T CHOKE, 120 MA, (SEE NOTE)
€23 =0.03 Uf Rig = 50000 OHMS, 0.5 WATT Lg = 30-HENRY, 450-0HM FILTER
€25 =16 Jf ELECTROLYTIC, 450 M. Rig = 2700 OHMS, 0.1 WATT CHOKE, 120 MA.
C26 =8 Jf ELECTROLYTIC, 350 V+ Rig = 20000-OHM \ARIABLE RESISTOR, L7= 30-HENRY, 200-OHM FILTER
C27 = 8 JJf ELECTROLYTIC, IS0V, TONE CONTROL CHOKE, 3 MA,
C2g = 0.0005 uf R20= 150000 OHMS, 0.1 WATT T = SPECIAL INPUT TRANSFORMER
R|,R4,R7,R13,R14 = K00 000 OHMS, 0.1 WAT T R22= 25000-0HM, 25~-WATT T2 = SPECIAL OUTPUT TRANSFORMER,
R2.R5:R8= 300 OHMS, 0.§ WATT BLEEDER, TAPPED 6900 OHMS PLATE-TO-PLATE LOAD 5000 OHMS
R3,R6.Rg = 20000 OHMS, 0.5 WATT FROM +254V. T3 = POWER TRANSFORMER
NOTE: A SPENGR DESIGNED FOR HI HAVING TS C FEI D SUPPLY SHOULD BE USED, THE RESISTANCE OF FILTER

CHOXE Lg MUST g€ AaS GNEN W OR'JCR TO 81AS THE 455 AND THE 5% CCRRECTLY.

@

SCREEN GRID A-F AMPLIFIER
VOLTAGE AMPLIFICATION =100% PEAK VOLTAGE OUTPUT =60-70 V.*
T TYPE 5TO0R6C6 C4q

gz pf LOW VOLTAGE ~ C3 = 2 uf, 350 v..
T0 =~ Co= = 01 _\Lf, 350

A-F SEOND Ry = 2 ooo ~OtiM POTENTIOMETER, A-F VOLUME "CONTROL
INPUT A

ATT

Rg = Q:5-MEGOOM GR!D RESISTOR FOR FOLLOWING
R7 = 0.5 MEGOHM, 0N WATT

Rs Ty = MICROPHONE -TO ~GRID TRANSFORMER

#*TUBE ONLY; DOES NOT INCLUDE TRANSFORMER GAN
k7 #THE LOWER VALUE WILL HAVE LESS DISTORTION.
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RCA CunningHAM RADIOTRON MANUAL

AUDIO AMPLIFIER FOR USE ON

TYPE €C6 OR 77

15-VOLT D-C LINE

CLASS A - POWER OUTPUT, 4 WATTS

m TYPE 6C6 OR 77

TYPE 48

licz
LCa
< T3 SPEAKER
A
R3 R4 Iﬂ
>
Ca 15
R
RsS L °
TYPE 48 [
> > Re N
4 L 4

1I5V. DC. ¢s -
o— T

-L.C7
CHASSIS

C| =2 JfLOW VOLTAGE
C270.0) uf

C3=8 4f,LOW VOLTAGE
C4=0.03 Uf
C5,C7=2 1F, 150V
Ce= 4 UF, I50V.

@

= 500000-0HM POTENTIOMETER,
CONTROL

A-F VOLUME CON
R2=8500 OHMS, 0.1 WATT

=160 OHMS, 5 WATTS

Rg= 105 OHMS, 25 WATTS

Rg= 7000 OHMS, | WATT

L] =FILTER CHOKE, IOHENRIES AT 125MA,
60 OHMS

L2= SPEAKER FIELD, )10 VOLTS DC.

Ti = INPUT-TO-GRID TRANSFORMER

T2 = PLATE-TO~PUSH-PULL~GR'D TRANSFORMER,
RATIO PRL TO li SEC.= 1

T3= OUTPUT TRANSFORMER FOR
PUSH-PULL 48'S

HIGH—GAIN RESISTANCE ~COUPLED A-F AMPLIFIER
OVERALL VOLTAGE AMPLIFICATION=2100 *

AF.
INPUT

TYPE 79

PEAK VOLTAGE OUTPUT=T70\ %*
OUTPUT TUBE ¥ .

A=F
OUTPUT

oB-

€105 = 0.25 pf LOW VOLTAGE

=0.25 JUf, 350V
=0.08

QLla
CeCr
Cs
R

BLEEDER RESISTORS*

$ANY TUBE TYPE REQURI
THE F'ESIS OR VALUES N TﬂE PERID'BlA
ORAWN ThE POWER SUPPLY,

FROM

10 Uf ELECTROLYTIC, 350V,

Ry TO Rg = 50000 OHMS, 1 WAT T
Rg = 250000-OHM A-f VOLUME-
CONTROL POTENTOMETER
R7 = 1 MEGOHM, O. WATT
Rg,Rg = 250000 OHMS,

‘OF THE 79 TRlO(I UNITS ONLY.

ING 70\ BIAS OR
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\
65+
Rp= 500000 OHMS , 0 WATT
Ty = INPUT COUPLING TRANSFORMER

B = OUTPUT TRANSFORMER FOR
THE TUBE TYPE USED
Ey =

SRR RS

ON
DRIVEN TO FULL OQUTPUT (CLASS A)

1WATT

* ¥WiTH NEGLIGIBLE DISTORT
LESS CAN BE
S SECTION WILL DEPEND ON THE TOTAL DIRECT CURRENT



RCA CunningHAM RADIOTRON MANUAL

TYPICAL CLASS B AUDIO - FREQUENCY AMPLIFIER
QUTPUT 20 WATTS

AMPLIFIER

[P gy ey~

C1 = 0.4 Jif R2 = 1100 OHMS, 2 WATTS 13 = 2500-OHM SPEAKER. FIELD, 140 V.

C2 =10 Jif, 50V, R2,Rq™ 3500 OMMS, 1 WATT T == INPUT TRANSFORMER

€3,C4= 0:08 LIf RS = 2600 OHMS, 10 WATTS T = OUTPUT TRANSFORMER

Cx = 18 JIf, 500V, L] = 15 HENRIES AT 100 MA.;D-C T3= POWER TRANSFORMER HAVING GOOD VOLTAGE~
Cg = 8 jIf, 350V, RESISTANCE 80 OHMS OR LESS REGULATION CHARACTERISTKCS.

R1 = 250000 OHWs, Lz = 1500-OHM SPEAKER FIELD, 120 W

NOTE! SPE KERS ESPECIALLY DESIGNED FOR HIGH POWER ARE RECOMMENDE!
CIRCUT CONSTANTS SHOULLD CLOSELY APPROXIMATE THOSE GIVEN ABOVE.

PHASE INVERTER AND DRIVER FOR PUSH -PULL
RESISTANCE - COUPLED OUTPUT TUBES
VOLTAGE AMPLIFICATION =46 * PEAK VOLTAGE OUTPUT = 70V.* ¢

TYPE 79 11 OUTPUT Tuses™
o, o T
A-F
INPUT
S S A-F
oUTPUT
[«] Ry R2 2R3
-
+252v.
€1 = 4 Jf, LOW VOLTAGE R4 = 500000 OHMS, 01 WATT
C2.C3=0.1 Jf, 400 V. RS = 500000-OHM PHASING POTENTIOMETER
Cq = 0.5 JIf, LOW VOLTAGE Rg = BIAS RESISTOR FOR PUSH - PULL
Ry = 3100 OHMS, 0.1 WATT OUTPUT TUBES
Ro,Ry = 250000 OHMS, 0.5 WATT T, = OUTPUT TRANSFORMER

*OF TYPF 79 _ONLY *FWITH NEGLIGBLE DISTORT'ON.
# ANY TUBE TYPE REQUIRING 70V. BIAS OR LESS CAN BE DRIVEN TO FULL OUTPUT (CLASS A)
NOTE: A 53 MAY BE USED IN THIS CIRCUIT IN PLACE OF THE 79, IN WHICH CASE THE VOUTAGE
AMPUFICATION IS 27 AND THE PEAK VOLTAGE OUTPUT IS 81 VOLTS,
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RCA CunningHAM RADIOTRON MANUAL

CLASS A AUDIO -FREQUENCY AMPLIFIER
QUTRUT 12 WATTS

A-E AMPLIFIER POWER AMPLIFIER
YPE T TYPE 2A3

it

SPEAKER
40 MA,
+253 .
R?7 10 oTHER
3 5 ] STAGES OF
FUSE 1 RECEVER
; > VA
‘ Rg k3
Cq = QI uf R4 = 0.5= 1 MEGOHM L4 = FLTER CHOKE ; 12 HENRIES AT 175 MA,80 OHMS
C2= 5 uf,25V. R2= 2200 OHMS,1WATT L2 = FLTER CHOKE; 30 HENRIES AT 95 M A, 515 OHMS
Cy = 2Luf, 3%0v. R3 = [00-OHM POTENTIOMETER L3 = SPEAKER FIELD; 2500 OHMS, 125 Vi
C4 = 0.5 uf R4 == 5000 OHMS,1 WATT T4 = _PLATE-TO-PUSH-PULL~GRID INPUT TRANSFORMER
Cg= 254f, 75 V. Rg = 50000 OHMS, 1 WATT Tz—-'bUTPUT TRANSFORMER
Cg = 10 Jf, 400V, Rg == 345 OHMS,15 WATTS Ta= POWER TRANSFORMER HAVING GOOD VOLTAGE-~
C7 = B Mf,330V. R7 = 2560 OHMS, 0 WATTS REGULATION CHARACTERISTICS
NOTE. A SPEAKER SPECIALLY DESIGNED, RIS RECOMMENDED.
CRCUT CONSTANTS SHOULD CLOSELY APPRDXIMA. THCSE GIVEN ABOVE.
DOUBLE ~BUTTON MICROPHONE PRE —AMPLIFIER
VOLTAGE AMPLIFICATION = 200 %
T TYPE 37 OR 6C& TYPE S7 OR 6C8 T2

+275V,

R3,R1 = 50000 OHMS, .5 WATT

RgsRyg = 10000 OHMS , 0.l WAT T

R7 = 0.5 MEGOHM,0J WATT

Lt,L2,L3= 6-MLLIHENRY R=F CHOKE
Ty = MICROPHONE INPUT TRANSFORMER
To = OUTPUT COUPLING TRANSFORMER

na- 250000-0HM VOLUME-CONTROL. POTENTIOMETER e~ SINGLE~CLOSED~CIRCUIT JACK
R3,Rg = 250000 OHMS , Ol WATT 5, ="5.R.5.T. SWITCH
Rg,Rp = 2200 OHMS,0l WATT A = 8-12V. MICROPHONE BATTERY

M = DOUBLE - BUTTON MICROPHONE

% TUBES ONLY: DOES NOT INCLUDE TRANSFORMER GAIN.
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S4 PuT 9¥e

489 pue ig2

(Volts)

(PLATE SUPPLY®
(Volts)

SCREEN SUPPLY
GRID BIAS (Volts)
CATHODE RESISTOR  (Ohas)
PLATE RESISTOR  (Megohm)
GR1D RESISTOR (Megohm)

PLATE CURRENT (Milliamp.)
VOLT OUTPUT®*(Peak Volts)
VOLTAGE AMPLIFICATION

[ PLATE SUPPLY® (Volts)
SCREEN SUPPLY (Volts)
GRID BIAS (Volts)
CATHODE RESISTOR = (Ohms)
PLATE RESISTOR (neeohn;
GRID RESISTOR®  (Megobm
PLATE CURRENT (Milliamp.)
VOLT.OUTPUT " * (Peak Volts)
LVOLTAGE AMPLIFICATION

[PLATE SUPPLY® (volts)
o | SCREEN SUPPLY (Volts)
& | GRID BIAS (Volts)
© JCATHODE RESISTOR  (Ohgs)
29 PLATE RESISTOR gllcgoh-)
o |GRID RESISTOR Megoba)
| PLATE CURRENT (Milliamp.)

VOLT.OUTPUT" * (Peak Volts)

VOLTAGE AMPLIFICATION

[PLATE SUPPLY® (Volts)
o [SCREEN SUPPLY svau)
M [GRID BIAS Volts)
3 ) CATHODE RESISTOR  (Ohms)
© YPLATE RESISTOR  (Megohm
& |GRID RESISTOR®  (Megohm
& | PLATE CURRENT (Milliamp.)
& | VOLT.OUTPUT ** (Peak Volts)

(VOLTAGE AMPLIFICATION

100 135 180 250-
-1.06 -1.06 -1,10 -1.06 -1.06 -1.10 -1.06 -1 10 -1.26 -1.20 -1.30 -1.36 -1.36 '1.33 -1.3; -1.3;
10500 15400 11650 15000 6200 9150 §850 10000 4900 7100 6450 9000 3170 5200 3380 6
0.26 0.80 0.25 0.50 0.26 0.50 0.2565 0.50 0.26 0.50 0.256 0.50 0.26 0.50 0.25 g.gg
0.26 0.26 0.50 0.80 0.26 026 O0i60 0.50 0.26 0.25 0.50 0.50 0.28 0.265 0.50 0.50
0.10 0.07 0.09 0.07 0.17 0.12 0,18 0.11 0.26 0.17 0.24 0.14 0.41 0.26 0.40 0.24
11-16 10-14 15-19 14-19 17-23 17-21 20-30 18-27 26-33 24-30 32-40 30-38 33-38 28-356 36-46 35-44
30 29 36 37 42 38 50 48 48 48 &6 &6 51 48 59 §8
100 135. 180 250,
20 20 20 20 20 20 20 20 25 25 25 26 50 50 &0 50
-2,00 -2,50 ~2.16 -2.60 -1.80 -2.26 ~-1.96 -2.40 -2 10 -2,60 ~2.10 =2.60 -4.5 =5,0 =4,5 <=5.0
5550 12200 9350 19260 3800 8300 4850 10800 3700 7600 3500 7300 6500 11400 6500 11400
0.26 0.560 0.256 0.50 0.265 0.50 0.26 0.850 0.26 0.60 0.25 0.50 0.26 0.50 0.256 0.50
0.25 0.236 0.50 0.50 0.26 0.26 0.50 0.850 0.26 0.26 0.50 0.50 26 0.25 .50 0.50
0,27 0.16 0.23 0.13 0.35 0.20 0.30 0.18 0.43 0.26 0.45 0.26 0.85 0.36 0.86 0.38
28-30 25-27 36-38 32-33 38~40 32~35 48-50 42-44 50-53 46-48 65-68 64-66 56-65 55-60 65-70 65-75
35 36 47 46 36 as 83 §é §0 63 70 54 55 65 75
100 135 180 250,
-4.795 -3.76 -5.00 -5.60 -6.80 -4.75 -7.00 -7.00 -7.50 =7.00 -7.00 =7.50 =11 =10 -14 =12
16800 25800 21200 46000 21200 24300 22000 42600 16300 28000 14900 31200 17600 28500 25200 38690
0,25 0.560 0,256 0.50 0.26 0.60 0.26 0.50 0.26 0.50 0.26 0.50 0.26 0.60 0.35 0.50
0.25 0.26 0.50 0,60 0.26 0.26 0.60 0.80 0.26 .0.26 0.60 0.50 0.26 0.26 .50 .
0.28 0.14 0.23 0.12 0,32 0.19 0.31 0.18 0.46 0.26 0.47 0.24 0.63 0.35 0.55 0,32
24~26 17-22 27-329 26-27 34-36 27-30 38-42 36-40 38-40 36-38 40-44 40-45 56-60 45-56 €5-76 685-70
8.1 6.0 6.6 6.2 6.1 6.1 8.5 8.3 6.4 - 8.7 6.5 6.4 8. 6.7 6.6
100. 136 : 180 250,
20 20 20 20 28 25 25 25 30 30 30 30 62 54 §0 52
-1,10 -1.25 -1.06 =-1.26§ -1.20 -1,36 =-1.25 -1.40 -1.26 ~-1,50 -1.30 =1.5% -2 -2,2 =2.1 -2.3
3760 8450 3400 7250 3100 5600 3750 6300 2180 4560 2600 4860 3100 5700 3500 6200
0.26 0.50 0.25 0.50 0.25 0,50 0.26 0.50 0,26 0.50 0.26 0.50 0.25 0.60 0.26 0.50
0,25 0.26 0.50 0.50 0.25 0.26 0.50 0.50 0.26 0.26 0,50 0.50 0.26 0.26 0.50 0.50
0.22 0.14 0.23 0.13 0,28 0.18 0.35 0.17 0.43 0,256 0,38 0.24 0.62 0.31 0.48 0.30
1523 17-22 16-29 18-28 21-32 237-31 29-37 34-38 31-43 36-41 36-52 45-52 60~60 S50-55 60-70 é0-70
40 39 54 63 54 52 61 62 76 65 92 93 80 76 100 110

©yoltage at plate will be PLATE SUPPLY voltage pinus voltage drop in plate resistor caused by plate current.

* For the following smplifier tube.
resistor for the following asplifier tube should conform to the recommendations

The tabulated values illustrate design practice.

For any particular set of conditions, however, the grid
given on the DATA page of the type involved.

Value to left is maxizum undis-

**Developed across plate resistor of inter—stage coupling circuit including grid resistor of following tube.
torted output voltage obtainable: value to right is maximum output voltage obtainable with some distortion,

Note: In the above data, the use of a coupling condenser between, the plate resistor and the grid resistor of the follow-

ing tube is assumed.

4 0.1 microfarad condenser is usually adequate to insure good low-frequency respomse.
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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 each tube is given under its CHARACTERISTICS.
The prefix letters of the bulb designation indicste the bulb shape; as S for “straight side,” T for “tubular,”

ST for a combination of tubular and straight side, or "dome type,'' The suffix numbers of the bulb designations
indicate the nominal maximum dismeter of the bulb in eighths of inches, i. ., the dismeter of the 5-12 is 12 eighths,
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** self-bias resistor. «ve.everoueeannnin.s
** voltage amplification (gain). .. ......... 10
Carrier Wave. ..... e 18
Cathode:
coating 1
connectiol 25
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- L4 L= S 16
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plate...ooov i 3
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Demodulation. .. ..o 18
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1],V 19, 21
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secondary
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OP@FALION . cve vt e i e 24
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resistor, value of
series operation. . . .
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Formulas (see Calculation)
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current............. e
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rcs||stor....i ........
voltage supply........ tereanen
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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.

Cuamee, E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill
Book Co., Inc.

Duncan AND Drew.  Radio Telegraphy and Telephony. John Wiley and
Sons, Inc.

Henney, KemH.  Principles of Radio.  John Wiley and Sons, Inc.
Henney, KemH,  Radio Engineering Handbook. McGraw-Hill Book Co.,

Inc.

Lauer AND Brown. Radio Engineering Principles. McGraw-Hill Book
Co., Inc.

Mclwam Anp Bramverd,  High-Frequency Alternating Currents.  John
Wiley and Sons, Inc.

Morecrort, J. H.  Electron Tubes and Their Applications. John Wiley
and Sons, Inc.

Morecrort, J. H. Principles of Radio Communication. John Wiley and
Sons, Inc.

Moy anp Wosmer.  Radio Handbook. McGraw-Hill Book Co., Inc.

MO;/F_R AND Wostre.  Radio Receiving Tubes. McGraw-Hill Book Co.,
nc.

Peters, Leo J. Thermionic Vacuum Tube Circuits. McGraw-Hill Book
Co., Inc.

Proceedings of The Institute of Radio Engineers (a monthly publication.)
TermanN, Freperick E. Radio Engineering. McGraw-Hill Book Co., Inc.
The Radio Amateur’s Handbook. American Radio Relay League.
UnperHi,, C. R, Electrons at Work. McGraw-Hill Book Co., Inc.

VAI\(I: DERIBI.I., H. J. Thermionic Vacuum Tubes. McGraw-Hill Book
o., Inc.

ZworykiN AND WitsoN.  Photocells and Their Application. John Wiley
and Sons, Inc.
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