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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.

I
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HEATER

ATHODE
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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 a battery. Tubes for this service can be
designed with cathodes which give economical production of electrons and, consequently,
economical set operation. Tubes constructed primarily for economical battery operation
are not very satisfactory for use with alternating-current filament supply, due to the
variation in electron emission and potential in the space-charge region which occurs
with each alternation of the current. This 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 bes™ ublesome. These precautions include such feastures
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 vslue 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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current, or, simply, emission. |n most types of tubes, it is

LT impossible to obtain this value by measurement, since the
Satoration Point current flow is sufficiently large to change the emitting
X conditions, or to damage the tube. As a result, emission
Va values in practice are determined at some lower voltage
/ which will not harm the tube. Different results will be
/ obtained if a different cathode voltage or temperature is
/ chosen, since the cathode temperature determines the
/ number of available electrons.

NUMBER OF ELECTRONS
REACHING PLATE —

d |f space-charge effects were not present, it follows
PLATE VOLTAGE —~ that the same electron flow could be produced at a lower

plate voltage. One method of reducing the space-

charge effect is 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.

O

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 sugsgests its name. Its 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

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

the plate so that a small voltage change on the grid will have the

same effect on 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

HECATER

A negatively 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 citcuit, 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
grid and plate, plate and cathode, and grid and cathode. These capacitances, as well as
those of tubes having additional electrodes, are known as interelectrode capacitances.
Generally, the capacity between grid and plate 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
grid-plate coupling. The second and preferable method is to eliminate as much as possible
the grid-to-plate capacitance in the tube itself. This is accom-
plished by employing a fourth electrode in the tube which is PLATE
known 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
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 fow 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 practice the grid-plate capacitance is reduced from an average of 8.0 micro-
microfarads (uuf) for a triode to 0.01 uuf or less for a screen-grid tube. The reduction
permits the attainment of stable amplification from screen-grid tubes many times as high as
that pcd>ssible from three-electrode tubes. Tubes of this type are represented by the 24-A,
32 and 35.

A CATHODE

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 strong attraction to these secondary electrons and particularly so if
the plate voltage swings Eiower 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 suppressot,
is placed in the tube between the screen and plate. The family name for five-electrode
types is “‘pentode.” The suppressor is usually connected to the cathode. Because of
its negative potential with respect to the plate, it retards the flight of secondary electrons
and diverts them back to the plate, where they cannot cause trouble.

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

KREEN a0 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
wEaTeR plate voltage. In fact, the plate voltage may be as low as, or

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

copabilities of thistype. Representative of thistype are the 34 and 77.  Further advantages
in adaptability of tube design and application may be obtained by providing the suppressor

5]
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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 surtace of the plate. Although structurally a tetrode, the 48 has
the power autput 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
"” ”n H . . .
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 tuges. 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. Thus, they may be broadly classed as multi-electrode types.

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

The second class includes multiple-unit tubes such as the duplex-diode triodes 55, 75
and 85, as well as the duplex-diode pentodes 2B7 and 6B7 and the twin Class B amplifier
types 53 and 79. All of these types have two or more separate tube units. It is 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
L HEATER

Duplex-Diode Pentode

PLATE PLATE
CﬂlgSNN‘is
o
GRID Ne2 GRID N23 2 GRID N2a
GRID N2| GRID Net GRID N2.2
/\ CATHODE A CATHODE
HEATER HEATER
Triple-Grid Power Amplifier Pentaarid 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.
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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. 9 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 4, is the ratio of ¢z 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 u of a tube is useful for calculating stage
gain, as discussed on page 10.

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

The mutual conductance (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 mutua!
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 (S.) is a characteristic associated with the mixer (first
detector) function of tubes and may be defined as the ratio of the intermediate-frequency
(i-p) current in the primary of the i-f transformer to the applied radio-frequency (r-f)
voltage producing it; or more precisely, it is the limiting value of this ratio as the r-f voltage
and i-f current approach zero. When the performance of a frequency converter is
determined, conversion transconductance is used in the same way as mutual conductance
is used in single-frequency amplifier computations.

Maximum peak inverse voltage characteristic of a rectifier tube is the highest peak
voltage that a rectifier tube can safely stand in the direction opposite to that in which
it is designed to pass current. In other words, it is the safe arc-back limit with the tube
operating within the specified temperature range. Referring to Fig. 3, when plate A
of a full-wave rectifier tube is positive, current flows
from A to C, but not from B to C, because B is 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 causing
current low. The peak value of this voltage is limited
by the resistance and nature of the path between
plate B and filament. The safe value of this voltage is
that at which break-down does not occur and is
known as maximum peak inverse voltage. The 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 peak inverse
voltage. In single-phase, full-wave circuits with sine-wave input and with no condenser
across the output, the peak inverse voltage on a rectifier tube is approximately 1.4 times
the RMS value of the plate voltage applied to the tube. In single-phase, half-wave
circuits with sine-wave input and with condenser input to the filter, the peak inverse
voltage may be as high as 2.8 times the RMS value of the applied plate voltage. In
polyphase circuits, mathematical determination of peak inverse voltage requires the use of
vectors.

Fia. 3

Maximum peak plate curment is the highest peak current that a rectifier tube can
safely stand in the direction in which it is designed to pass current. The safe value of this
peak current in hot-cathode types of rectifiers is a function of the available emission and
the duration of the pulsating current flow from the rectifier tube during each half cycle.
In a given circuit, the actual value of peak plate current is largely determined by filter
constants. If a large choke is used in the filter circuit next to the rectifier tubes, the peak
plate current is not much greater than the load current, but if a large condenser is used
in the filter next to the rectifier tubes, the peak current is often many times the load current.
In order to determine accurately the peak current in any circuit, the best procedure
usually is to measure it with a peak-indicating meter or to use an oscillograph.
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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 obtasined by using a push-pull
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 incressed
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-
vo%tage vs. plate-current characteristics, the effect of an input signal (S) applied to the
grid of a tube. O s the resulting amplified plate-current variation.
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] ' =
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| H o
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= R i
Fig. 4 Fig. 5

The plate current Alowing 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. This 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 = 4 or
Plate load resistance + Plate resistance

Mutual conductance in micromhos X Plate resistance 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 the same units, either ohms or megohms. In the second formula, they must be expressed
in ohms.

These formulae apply equally well to all types of amplifier tubes. If the load 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. gince increasing the size of the load resistors lowers the
available plate voltage due to the drop through the resistor, the plate-voltage swing
obtainable is likewise reduced. This drop may be avoided by replacing the resistor with
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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.

S
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The method of applying the input signal to the grid is important. If the grid of the
tube in operation does not go positive, it is possible to use an input circuit of high
impedance, since the grid-input impedance of radio tubes is very high as long as the
grid bias is negative. If an input transformer is used, the secondary impedance is made
as high as other design conditions permit. In resistance-coupled circuits, the grid resistors
usually range in value from %4 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 interfering
station “‘riding through' on the carrier of the station to which the receiver is tuned.
Modulation-distortion is a distortion of the modulated carrier and appears as audio-
frequency distortion in the output. This effect is produced 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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last intermediate-frequency stage. The characteristics of super-control types are such as
to enable the tube to handle both large and small input signals with minimum distortion
over a wide range. This feature is obtained by a special tube structure which makes
possible variation in amplification factor with a change in grid biss. 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 weask 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 low from the sections of the cathode enclosed by the ends of the grid is
cut off. The plate current and other tube characteristics are then dependent on the
electron flow through the coarse section of the grid. This action changes the gain of the
tube so that large signals may be handled with minimum distortion due to cross-modulation
and modulation effects. Fig. 8 shows typical grid-voltage vs. plate-current curves for a
screen-grid and a super-control tube, respectively. It will be noted that while the
curves are alike at small grid-bias voltages, the plate current of the super-contro! 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 contro!.

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 grester importance than high-voltage amplification, so
that gain possibilities are sacrificed in the design of power tubes to obtain power-handling
capability. Power tubes of the triode type in Class A service are characterized by low
power-sensitivity, low plate-power-efficiency, and low distortion. Power tubes of the
pentode type are characterized by high power-sensitivity, high plate-power-efficiency,

and reldtively high distortion.
INPU § : E OUDSPEA
INPUT LOUDSPEAKER
S | ®
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Fig. 9 Fig. 10

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 increased output. The parallel connection (Fig. 9) provides twice
the output of a single tube with the same value of grid-signal voltage. The push-pull
connection (Fig. 10) requires twice the input-signal voltage, but has, in addition to
incresse in power, a number of important advantages over single-tube operation.
Distortion due to even-order harmonics and hum due to plate-supply-voltage fluctuations
are either eliminated or decidedly reduced through cancellation. Since distortion is
less than for single-tube operation, appreciably more than twice single-tube output can
be 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
plate current, grid bias, and optimum load resistance, as well as the per cent second-
harmonic distortion, can also be determined. The calculations are made graphically and
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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

S6k = mm == than that recommended for the tube. In this event
5! the maximum permissible value is chosen.
=80
g The proper load for triodes in push-pull power
& amplifiers may be determined by means of the plate
3 family and the relation E=0.6 Eo, where Eo is equal
3 to the desired operating plate voltage. The method
2 0 is to erect a vertical line at E=0.6 Eo (see Fig. 12),
g intersecting the Ec=0 curve at the point (Im). A
& load line is then drawn through Im and the Eo point

29 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.

9 PLATE z\?gusz.?% )300
[:____E?_’l | ° Fig. 12 illustrates the application of this method
€o to the case of two Type 45°s operated at Eo=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

point will be accompanied by recti-

fication and will no longer be repre- cup_YOLTS ECL o

sentative of a Class A amplifier. cp‘ﬁao“

£y = 0-203V

Tuax.

The power output for push-pull
triodes may be determined by the
following formula:

ll

MILLIAMPERES

Im Eo

PLATE

Power Output =

I, Eci=1707V

___________ =Ly TECV =2v
if Im is expressed in amperes and Eo = £ ™

In volts, power is obtained in watts. " PLATE VOLTS

Thus, for Fig. 12, power output= @V 'S THE CONTROL-GRD BIAS VOLTAGE AT TME OPERATING PQINT

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 a special plate characteristic
family of curves, illustrated in Fig. 13.

|I max. — I'min. + 1.41(Ix~ Iy)] 2Rp
32

Power Output =
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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
>

: 1
INPUT outpuT k]
vors ng’:a o OU;;’UT

_’ VOLTS FILIER

L
Fig. 16 Fig. 17
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)
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=° EYAd R Pﬂ é
Lo INPUT MV~ o—c
+
c omc ouTRUT
PP ouTeuT
voE ] : Lo
DIODE j ® T
==C
R=HEATER VOLTAGE REDUCING RESISTOR
= CONDENSER
Fis. 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. Each OUTPUT SIGNAL
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 ﬂ
offset by the effect in the other half of the wave at a {NECATIVE CR/D vOLTS
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 N > IR-F INPUT
utilized to operate a pair of headphones or a loud- Fia. 90
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. |t 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.

(18]
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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

1
DIODE i
TO GRID OF auDI0 !
J [_"Auputn ruat i
R+ OR
\-F 7!‘3 R-F OR S
INPUT 1-F R,
INPUT 4
L
- [3 +
A
-—
—=
< [
TO GRID OF AMPLIFIER TUBE B— B+
Fig. 21 Fig. 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 rectification. With full-wave
rectification, the circuit may be balanced for carrier input so that no carrier frequency
is supplied to the grid of the following amplifier and no carrier-frequency filtering is
theoretically necessary. Half-wave rectification as compared with full-wave rectification
provides approximately twice the signal output, but requires carrier-frequency filtering.
Figure 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 sudio amplifier. The triode is biased by the drop across R. This is known as
“diode biasing,” but is practical only when sufficient resistance is in the plate circuit
of the triode unit to prevent excess plate current when the voltage across R drops to
zero under conditions of no r-f input. If extremely strong signals are received with
this circuit, the bias on the triode may be carried to cut-off. In general, the amplifier unit
of duplex-diode types can be utilized just as though it were a separate tube. :

R-F GRID LEAK
CHORE

R-F CHORE

CATHODE ----

BIAS —
RESISTOR = 10
BY-PASS AMPL-
INPUT CONDENSER FIER
BY-PASS -t
CONDENSER —Li

XO0E000C

lililsls b
LY, l L
_ e,
et )
FILAMENT A= A+ B+
TRANSFORMER B-
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 bias may be
obtained from a cathode resistor (self-bias method), a C battery, or a bleeder circuit.
When a signal is applied to the grid, rectification of the carrier occurs in the plate circuit,

191 !
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since only the positive half is amplified. The grid does not draw current with grid-bias
detection, so the load on the input circuit is negligible. This is a desirable feature.
Fig. 23 illustrates this method.

The grid leak and condenser method is somewhat more sensitive than the grid-bias
method and gives its best results on weak signals. This method uses a grid 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. This voltage
may be utilized to regulate the gain of the r-f and/or i-f amplifier stages so as to maintain
essentially constant-carrier input to the audio detector. The regulation of amplifier 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 automatic-volume-control

or a.v.c.
proe? The a.v.c. circuit just described starts to
function as soon as any signal is received.
It is sometimes desirable to delay the control
action until a signal exceeding a certain mini-
mum amplitude is received. This is accom-
— lov. 4 plished by applying a negative d-c voltage to
Iehy the diode plate. In Fig. 25, a 10-volt valuz
< c2 is shown. Under this condition, the positive
— swing of the signal must be slightly more than

10 volts before diode current flows in the
circuit. Since a.v.c. action is delayed until a
certain minimum signal is received, this system
is known as delayed a.v.c., or d.a.v.c.

AUTOMATIC NOISE SUPPRESSION

Automatic suppression of receiver noise is generally accomplished by utilizing the
rectifying action of a detector tube to supply control voltage 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 efect 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
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tube. Amplification of detector output occurs when a carrier is tuned in; attenuation
due to “‘cut-off”" and zero mutusl 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 (Vy); and a controlled amplifier tube (Vs).

c
Ra 2 70GRD
'oirmmo
—F AMPLINER
Aren TUBE
INPUT

fig. 26

When ‘no signal is present in the input transformer, no plate current flows through
Vi. There is no bias voltage applied to the grid of Va2, so maximum plate current flows
through R,. The voltage developed across R, biases Vg to cut-off so that it cannot amplify.
The audio stages of the receiver are thus suppressed. When a signal voltage is developed
across the input transformer, plate current flows through V. D-c and a-f voltages are
produced across R. The d-c voltage is applied as negative bias to cut off Va. There is
then no voltage drop across Rz, 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. 97 shows a circuit employing the 55 and 57 arranged to take advantage of the
combined features of diode detection, d.a.v.c., and n.s.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; diode B is
the detector. The triode is the n.s.c. unit. When a carrier signal is applied across the
input transformer, plate current flows from diode A through R and R, back to A. The
bleeder resistor (R) provides a negative bias of 14 volts to A in order to obtain delayed
a.v.c. A.v.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
diode-load resistors (Rs and Ry) to provide negative d-c bias for the 55 triode and a-f

N.SC. AND DAVN.C. CIRCUIT

cLose~ TYPE 55 100
COUPLED L4
TO B
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TYPE 57 0.0!

ROLKF
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osaiRl 0.00I Nf
14V, [*—25V~1—23V. ‘J‘Q‘OV-— I:"}g\‘{
1 R R? l
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Fig. 27

voltage for the 57 a-f amplifier. Under signal conditions, the 55 triode is biased to
cut-off. No current flows through load resistor Rs 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 a.v.c. action since diode A is biased 14 volts
negative. Under such conditions, maximum plate current flows through Rs, 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. The overall selectivity at the secondary (L,) of
the input transformer is greater than at the secondary (Ls), so that during the detuning
process the signal on diode B is reduced to a greater extent than the signal on diode A.
The selectivity of the secondary (Ls) is less than that of Ly because Ls is more closely
coupled to the primary (L:). This arrangement can be utilized to provide the desired
suppression appreciably before the a.v.c. action increases the receiver sensitivity to
maximum.

OSCILLATION

As an oscillator, a radio tube can be employed to generate a continuously alternating
voltage. In present-day radio broadcast receivers, this application is limited practically
to superheterodyne receivers for supplying the heterodyning frequency. Several circuits
(represented in Fig. 28) may be utilized, but they all depend on feeding more energy
from the plate or output circuit to the grid or input circuit than is required to equal the
power loss in the tube. Feed-back may be produced by electrostatic or electromagnetic

<«— Fig. 28 —>»

® ® et
8- A= B+ 8~ HEATER 8%
A+ TRANSFORMER

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

FREQUENCY CONVERSION

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

One method employs a mixer tube in which the radio signal and local frequency
are applied to the same grid. The local frequency may be generated by a separate tube
or it may be generated within the mixer tube. This method generally depends on coupling
the oscillator 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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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 at the socket terminals by means of
an accurate voltmeter while the receiver is in operation. In the case of series operation
of heaters, correct adjustment can be checked by means of an ammeter in the heater circuit.

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

D-c filament or heater operation should be considered on the basis ot the source
of power. In the case of dry-battery supply, a variable resistor in series with the filament
and the battery is required to compensate for battery variations. It is also recommended
that an accurate voltmeter or milliameter be permanently installed in the receiver to insure
operation of the tubes at their rated filament voltage. Turning the set on and off by means
of the rheostat is advised to prevent over-voltage conditions after an off-period. The
voltage of dry-cells recuperates during off-periods. In the case of storage-battery supply,
air-cell-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 Ohm's law.

Supply volts — Rated volts of tube type

Required Resistance (ohms) =
Total rated filament current

Thus, if a receiver using three 32's, two 30’s, and two 31’s is to be operated from dry
batteries, the series resistor is equal to 3 volts (the voltage from two dry cells in series)
minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere (the sum of
5%0.060 ampere +9X0.130 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 9 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 adequate.
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For the case where the heaters and/or filaments of several tubes are operated in
series, the resistor value is calculated by the following formula, also derived from
Ohm’s law.

Supply volts — Total rated volts of tubes
Required Resistance (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 +2X25 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 measurement 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 primary. Unless this is done, the excess input voltage
will cause proportionally excessive voltage to be applied to the tubes. Any radio tube
may be damaged or made inoperative by excessive operating voltages.

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

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

HEATER-TO-CATHODE CONNECTION

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

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes is obtained from batteries, devices for rectifying
a.c., direct-current power lines, and small local generators. Auto radios have 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 generstor driven by the 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 applied to a
tube unless the corresponding recommended grid voltage is also supplied to the grid.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been 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.. |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 bias 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
flowing through a 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 a 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.

INPUT

8- B+

_— e
R= GRID BIASING RESISTOR T=FILAMENT TRANSFORMER C=BY-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

Resistance (ohms) =
Rated plate current in milliamperes

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 ?or 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 regulating resistor. See Figs. 31 to 33.
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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.

VARIABLE

Fig. 34

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

SHIELDING

Circuits employing high-gain tubes, particularly screen grid types, require shielding
it 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.

[27]
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The choice of a resistor or choke depends chiefly upon the permissible d-c voltage
drop through the filter. In circuits where the current is small (a few milliamperes)
resistors are practical; where the current is large, or regulation important, chokes are
more suitable.

- -C o-

b-C
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD

LEAD

I ' I\/\/\;\/VI_ I - I - I

T Tocmamd Tl
TO CATHODE TO CATHODE TO CATHODE TO CATHOOE

R=RESISTOR C=BY-PASS CONDENSER LZA-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 a high impedance to the ripple voltage. Smoothing effect is obtained
from the condensers because they are in paralle! with the load and store energy on
thz 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.

CHORE-INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER

. L L L
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< 3 3 < 3

FROM - = outRuT rroM L e FROM -
ALCT¥IER RecTner T T o™ aectren T UTVT

TUBE TuBL TuBL

&— ® ® ®

® - — @
L=FUTCR GORL  CEFLTCA CONOENSCR

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 value 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
10
INPUT LOUDSPEAKER
" CATHODE
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 38

Output-coupling devices are of two types, (1) choke-condenser and (2) transformer.
The choke-condenser type consists of an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke offers
a very low resistance to the d-c plate current component of the signal voltage but opposes
the flow of the Auctuating 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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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
filamznt circuit. This resistor should have a value such that with a new air-cell battery,
the voltage applied across the filament terminals will not initially exceed 2.15 volts.
Series operation of the filament of the 1A& 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. Hcwever, 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 —95 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  TYPICAL PENTAGRID CONVERTER CRCUIT
in a parallel path with the capacity and inductance cf U TvPe 1A6 OR IC6
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.

= £

= T _ + > 5
ISIGNAL ANODE-GAD _ FIL. SCREEN ALATE
BAS SUPRLY SsuPYY

Converter circuits employing the 1A6 may easily bz SUPRLY SR
designed to have a translation gain of approximately 40. €1 e eeo varmaLe conoensers
A typical circuit is shown which provides exceptionally G=paoome conotnsen
uniform oscillator output over the entire grid-bias range. NS AR Rn

OR PLATI
Refer to page 50 for details of oscillator coil assemblies. T A 11 AN
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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 a 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 cethode should be kept as
low as possible.

APPLICATION

As a Class A power-amplifier pentode, the 2A5 may be used either singly or in
push-pull. Recommended operating conditions are given under CHARACTERISTICS.
If a single QA5 is operated at a plate voltage of 250 volts, the self-bias resistor should
have a value of approximately 410 ohms. For two tubes in the same stage, the value of
the self-bias resistor should be 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 a Class AB power-amplifier triode, the 2A5 should be operated as 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 low 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 per cent above the rated
value under any conditions of operation; without sell-bias, the value should be limited
to 0.1 megohm.

Additional curve information is given under type 49.

AVERAGE PLATE CHARACTERISTICS
TYPeE 2AS5 TYPE 42
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For automatic-volume-control, a rectified voltage which is dependent on the r-f or
i-f carrier is usually employed. This voltage may be utilized to regulate the gain of the
r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier input to the
audio detector. Refer to discussion of automatic-volume-control methods on page 20.

The complex structure of the 2B7 permits of obtaining automatic-volume-control
voltage in a number of ways. In one case, the required voltage is obtained from the
detector circuit by utilizing the voltage drop caused by the rectified current 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. The a.v.c. action may be
postponed by applying a negative voltage to the a.v.c. diode plate. Another a.v.c.
arrangement capable of various adaptations is to use the pentode as a d-c amplifier to
supply the regulating voltage.

For r-f or i-f 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 moderate gain control by grid-bias variation without introducing cross-
modulation effects. The cut-off point and 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 incresse 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 200 volts
for more negative values of grid-bias.

For a-f amplification, the pentode unit of the 2B7 may be used in a resistance-coupled
circuit arrangement to provide high gain. Typical operating conditions for such service
are: Plate-supply voltage, 250 volts, applied through a load resistor of 0.25 megohm;
screen voltage, 50 volts; grid-bias, —4.5 volts; and plate current, 0.65 milliampere.
Grid-bias may be obtained from a fixed-voltage tap on the d-c power supply, from a
self-bias resistor, or by means of diode-biasing when the circuit is arranged so that not
less than a minimum delay bias of —3 volts is provided. The value of the resistance in the
grid-circuit should not exceed a maximum of 1.0 megohm. Additional operating condi-
tions are given on page 150.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT
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AVERAGE CHARACTERISTICS
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APPROXIMATE VALUES
c _{moyw FOR 500-1500 KC.

T \430 pUF FOR 175 KC.

C2=0.1 Mf
C3=0.l uf

C2=0.50f OR LARGER

C5=0.0001 Uf OR SMALLER

Cg=00! =0.1 Uf
€7=00005-0.001 Uf

Cg=0.l Mf OR LARGER
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R|20.5~1.0 MEGOHM

R2=1.0-1.5 MEGOHMS
R3=0.-0.2 MEGOHM

R3=0.5-1.0 MEGOHM

R5=1.0 MEGOHM

Rg=30000-100000 OHMS
R7=0.1-0.2 MEGOHMS
Ep,=VOLTAGE FOR SENSITIVITY CONTROL

NOTE' SUPPRESSOR CONNECTED TO CATHODE WITHIN BULB
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Type 6A7

PENTAGRID CONVERTER

The 6A7 is a multi-electrode type of
vacuum tube designed to perform simul-
taneously the functions of a mixer (first

RADIO
TUBES,
~=

detector) tube and of an oscillator tube
in superheterodyne circuits. Through the
use of this type, the independent control of each function is made possible within a
single tube. The 6A7 is especially suited for receivers of the automobile type, and for
receivers in which the heaters are operated in series from the power line. For general

discussion of pentagrid types, see FREQUENCY CONVERSION, page 22.

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C) o
HEATER CURRENT . .ot ettt e i e e
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate . . . ... (With shield-can)........
Grid No. 4 to Grid No. 2 (With shield-can)........
Grid No. 4 to Grid No. 1 (With shield-can)........
GridNo.1to GridNo. 2.t
Grid No. 4 to all other Electrodes (R-F input).......
Grid No. 2 to all other Electrodes (Osc. output). . . .
Grid No. 1 to all other Electrodes (Osc. input). . . ..
Plate to all other Electrodes (Mixer output).........

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

PLATE VOLTAGE. ...
SCREEN VOLTAGE (Grids No. 3 and No. 5)..
ANODE-GRID VOLTAGE (Grid No. 9).......
ANODE-GRID VOLTAGE SuppLY (Grid No. 2)*
CONTROL GRID VOLTAGE (Grid No. 4).....
TOTAL CATHODE CURRENT. .. ......vvn. ..
TypiICAL OPERATION

Plate Voltage . . ....................... 100
Screen Voltage. . ...................... 50
Anode-Grid Voltage. .. ................ 100
Control Grid Voltage (Minimum). ....... -1.5
O:scillator Grid Resistor (Grid No. 1). ... 10000
Plate Current.......................... 1.3
Screen Current. . ... 2.5
Anode-Grid Current. . ................. 3.3
Oscillator Grid Current. ... ............. 1.2
Cathode Resistor. . ..................... 150
Plate Resistance........................ 0.6
Conversion Conductance. ............... 350
Control Grid Voltage, Approximate (Con-

version conductance 2 pmhos).......... -90

o O
w w

250 max.
100 max.
200 max.
250 max.
—3 min.

14 max.

250
100
200
-3
50000
3.5
2.2
4.0
0.7
300
0.36
520

—45

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 for full-load operating conditions at average line
voltage. For service in automobile receivers, the heater terminals of the 6A7 socket
should be connected directly across a 6-volt battery. In receivers that employ a series-
heater connection, the heater of the 6A7 may be operated in series with the heaters of
other types having a 0.3 ampere rating. The current in the heater circuit should be ad-
justed to 0.3 ampere for the normal supply line voltage.

The cathode of the 6A7, when operated from o 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 line through a
rectifier. In circuits where the cathode is not directly connected to the heater, the

otential difference between them should be kept as low as possible. If the use of a
arge 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.

Cemplete 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

C = GANGED TUNING GONDENSER

Y (40 TO 350 puf)

ouTPUT C1C2:C5iCp.C7 = 0.t Pf

C3=0.00025 Pf

C4= SEE TABLE BELOW

R| = 250000 OHMS, 0.1 WATT

R2=10000-50000 OHMS, 0.1 WATT

Ra= OSCILLATOR-ANODE (GRID N22)
VOLTAGE -DROPPING RESISTOR

R4=150-300 OHMS, 0.l WATT

Rs = SCREEN (GRIDS N2 345)FILTER RESISTOR

L = 60-MILLIHENRY R-F CHOKE

T = 465-KC 1-F TRANSFORMER

) O] ) @®
GRID N24_ GRID N22 GRIDS N2345 PLATE

BIAS SUPPLY  SUPPLY SUPPLY  SUPPLY
COIL-DESIGN DETAILS
FREQUENCY BAND
MEGACYCLES 0.1$ TO G.40 0.55 TO 1.5 1.5 T0 40 { 407010 | 10 TO 25
ASSEMBLY_Ne ! | 2 2 3 3
[ TURNS]WIRE % |[TURNS| WIRE % |TURNS| WIRE W [TURNS| WIRE % |TURNS| WIRE % | TURNS] WIRE #)
R-F COIL_ (L)) |l 422 [36SSE| 116_[30SSE| 146 D2ENAM| 36.2 |30ENAM| 10-1 [30ENAM| 4.4 |20ENAM
0SC. GRID COIL (L2) || 198 [36SSE| 80 [3GSSE| 92 [32ENAM| 30.9 [30ENAM| 9.7 [30ENAM| 4.3 [20ENAM|
0SC. PLATE COIL (L3)| 60 [36SSE| 30 |30SSC| 20 |32ENAM| 12 |30ENAM| 12 [36ENAM| 6 [36INAM
OSC.TRACKING COND(Ca)| W7 LU 400 P 1070 Buf | 2900 uUf | 7300 upf
Ne | NS 2 Ne 3
MULTI-LAYER COILS SINGLE-LAYER COILS SINGLE -LAYER COILS
g
45 b= Y L
# (" T % ("]
" it
005 — s
[apPROX. = 2
T = CAERIE
2 e P 1 h,, | [
GRID NEI CATHODE 5 GRID Ne2
217 ga GRID N£2 GRID N® I "CATHODE B¢
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MUTUAL CONDUCTANCE (9 yy) MICROMHOS
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Type 6D6

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6D6 is a triple-grid super-control ’
amplifier tube recommended for service ”;’;DT’T”;:L o c
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.

CHARACTERISTICS
HEATER VOLTAGE (A. C.or D. C)......... 6.3 Volts
HEATER CURRENT . . .o i v it 0.3 Ampere
PLATE VOLTAGE. . ..o 100 250 max.  Volts
SCREEN VOLTAGE. ...ttt eiiiiiiinen 100 100 max.  Volts
GRID VOLTAGE (Minimum). . .............. -3 -3 Volts
SUPPRESSOR . « o e vieee et iiee e eeienaeen Connected to cathode at socket
PLATE CURRENT. ..o v eiiie e e e viee e 8 8.9 Milliamperes
SCREEN CURRENT. .t ve et ieeie e iie i 2.2 2.0 Milliamperes
PLATE RESISTANCE. .+« o oeeiiiiiieene 0.25 0.8 Megohm
AMPLIFICATION FACTOR. . . ...t 375 19280
MUTUAL CONDUCTANCE. .. .vvvveeeeennn.. 1500 1600 Micromhos
MuTuAL CONDUCTANCE (At —40 volts bias) 10 10 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.010 max. uuf
INPUT CAPACITANCE. ..o ove i iie e 4.7 upf
OUTPUT CAPACITANCE. . .o ov v eeeienennn 6.5 uuf
BuLB (For dimensions, see Page 151, Fig. 8)................... ST-12
AP . et e Small Metal
BASE . i 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 obtsined 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 control 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 obtsined 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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@ Radiotron
Type 6F7
TRIODE-PENTODE

The 6F7 is a heater type of tube com-
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
other except for the common cathode,
the 6F7 may be adapted to circuit
design in several ways.

TRIODE PLATE

<PENTODE CRID-METAL TOP CAP
BOTTOM VIEW

. CHARACTERISTICS
HEATER VOLTAGE (A. C.orD.C). ool 6.3 Volts
HEATER CURRENT . .ttt et it e et e e e e ieenas 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES
Triode Unit—Grid toPlate. . ................... 2.0 upf
Gridto Cathode. .. ............... 2.5 puf
Plate to Cathode. . ... in.t. 3.0 upf
Pentode Unit—Grid to Plate (With shield-can). .. ... 0.008 max.  puf
|nput ............................ 3.2 puf
OUtpUt. oo 12.5 upf
BuLs (For dimensions, see Page 151, Fig. 7)................... ST-12
AP . e Small Metal
BASE . « o Small 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 290000 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.. .. .................... — 100 Volts
GridVoltage. . . ..........c... L. t —10* Volts
Oscillator Peak Voltage Input........... — 7 Volts
D-CGridCurrent..........ccovovoo... 0.15 0 Milliampere
D-C Plate Current. ..o oo, .41t 2.8 Milliamperes
Screen Current. . ...l — 0.6 Milliampere
Plate Resistance. ...................... — 2.0 Megohms
Conversion Transconductance. . ......... — 300 Micromhos

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

tt Oscillator conditions should be adijusted 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 each other for per-
forming any of the functions expected of single-unit types with similar characteristics.
Circuit design for the 6F7, therefore, will follow conventional practice.

As a frequency converter, the &F7 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-bias 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 PLATE CHARACTERISTICS
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Type 24-A

SCREEN-GRID RADIO-
FREQUENCY AMPLIFIER

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

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C) ... 2.5 Volts
HEATER CURRENT . ... oot 1.75 Amperes
PLATE VOLTAGE*. ... ... ... ... 180 250 Volts
SCREEN VOLTAGE (Maximum).............. 90 90 Volts
GRID VOLTAGE. ..ot eeeeie i -3 -3 Volts
PLATE CURRENT. ..o 4 4 Milliamperes
SCREEN CURRENT (Maximum). .............. 1.7 1.7 Milliamperes
PLATE RESISTANCE. . v oot 0.4 0.6 Megohm
AMPLIFICATION FACTOR. .. ............... 400 630
MUTUAL CONDUCTANCE. .. .oovvvveeene s 1000 1050 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. uuf
INPUT CAPACITANCE. ..ot 5.3 uuf
QOUTPUT CAPACITANCE. ..o o e 10.5 uuf
BuLs (For dimensions, see Page 151, Fig. 12).................. ST-14
AP e e Small Metal
BASE . o i Medium 5-Pin
* Maximum plate voltage = 275 volts.
INSTALLATION

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

For heater operstion and cathode connection, refer to type 2AS.

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

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

APPLICATION ™

As a radio-frequency amplifier, the 24-A should be operated at the voltages given
under CHARACTERISTICS.

As a grid-bias detector, the 24-A may be operated under the following typical
conditions: Plate-supply voltage of 9250 volts applied through a plate-coupling of
0.95 megohm, a screen voltage of 20 to 45 volts, and a negative grid bias of approximately
5 volts adjusted so that a plate current of 0.1 milliampere 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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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 equivalent impedance; screen voltage up to 45 volts; grid condenser of
0.000925uf; and grid leak of 1 to 5 megohms.

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

As an audio-frequency amplifier in resistance-coupled circuits, the 32 may be 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 vo?ts,- plate current, 0.25 milliampere (approxi-
mate); grid voltage, —1 volt; and a grid resistor, 0.25 to 2.0 megohms.

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 modulstion-distortion over the entire range of received signals. Its design is
such as to permit easy control of a large range of signal voltages without the use of focal-
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
HEATER VOLTAGE (A. C.orD.C).ovveiiiiiiinat 2.5 Volts
HEATER CURRENT . .ot e et e eee et iieie e e ans 1.75 Amperes
PLATE VOLTAGE*. ... .. i 180 250 Volts
SCREEN VOLTAGE (Maximum). ............. 90 90 Volts
GRID VOLTAGE, Variable (Minimum)........ -3 -3 Volts
PLATE CURRENT ..ottt e e eeeann 6.3 6.5 Milliamperes
SCREEN CURRENT (Maximum). .............. 2.5 2.5 Milliamperes
PLATE RESISTANCE. . v vvve e viineenn 0.3 0.4 Megohm
AMPLIFICATION FACTOR. . . ....... ... ..., 305 490
MUTUAL CONDUCTANCE. . ..o eeeeens 1020 1050 Micromhos
MUTUAL CONDUCTANCE (At —40 volts bias) 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. uuf
INPUT CAPACITANCE. «« ot vveeeeeeenn, 5.3 puf
OUTPUT CAPACITANCE . « v v e eeeeeeaeans 10.5 uuf
BuLB (For dimensions, see Page 151, Fig. 12).................. ST-14
AP e e e Small Metal
BASE . i 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. [n order to utilize the full volume-control range
of the 35, an available grid-bias voltage of approximately 50 volts will be required,
depending on the circuit design and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor.

As a mixer in superheterodyne receivers, the 35 may be used under the following
conditions: Plate voltage, 250 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 intermediaste-frequency
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).ovvinie el 6.3 Volts
HEATER CURRENT. .. e e e e e it 0.4 Ampere
PLATE VOLTAGE.......... 100 135 180 9250 max.  Volts
SCREEN VOLTAGE......... 100 135 180 9250 max.  Volts
GRID VOLTAGE. ... ... -7 —-10 =-13.5 —18 Volts
PLATE CURRENT. ... vvvtnn 9.0 12.5 18.5 32 Milliamperes
SCREEN CURRENT.......... 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE (Approx.)103500 94000 81000 68000 Ohms
AMPLIF. FACTOR (Approx.). 150 150 150 150
MuUTUAL CONDUCTANCE... 1450 1600 1850 2200 Micromhos
LOAD RESISTANCE. ........ 12000 10400 9000 7600 Ohms
GELF-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)................... ST-1¢2
BASE. o ottt e 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.
Suficient 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 41's should be placed on the positive side. Furthermore, since most
6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters is required
to take care of the additional 0.1-ampere heater current of the 41. Each 6.3-volt tube
of the 0.3-ampere type in the series circuit should, therefore, be shunted by a bleeder
resistance of 63 ohms.
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The cathode circuit in ““d-c power line” or “universal” receivers 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. The
potential difference thus introduced between heater 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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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 possible.

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

AVERAGE PLATE CHARACTERISTICS
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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. C). ot 2.0 Volts
FILAMENT CURRENT .« ¢ e e ittt e e 0.12 Ampere
BuLB (For dimensions, see Page 151, Fig. 11).................. ST-14
BASE . v vt e e e e Medium 5-Pin

PLATE VOLTAGE . « . oottt e eee e eeeeieae e 180 max.  Volts
PEAK PLATE CURRENT. ..ottt e iaeneans 50 max.  Milliamperes
TypICAL OPERATION (2 tubes)
Plate Voltage . . .. ocvv vl 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 it it et it et i eeaeans 135 max.  Volts

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

PLATE CURRENT . .o vttt ittt e 6.0 Milliamperes
PLATE RESISTANCE . .. ottt e e e it 4175 Ohms
AMPLIFICATION FACTOR. .. ..o o oo 4.7

MUTUAL CONDUCTANCE . .+ v v veeiee e e 1125 Micromhos
LOAD RESISTANCE. « oot ie e e i e e 11000* Ohms
POWER QUTPUT (Approximate). . .....covveeeennnn.. 0.170 Watt

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

INSTALLATION
The base pins of the 49 fir'the standard five-contact 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 1AG6.

APPLICATION
Refer to APPLICATION for type 46.
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As a bissed 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*. ... et 100 250 250 Volts
SCREEN VOULTAGE . ettt it it it 36 50 100 max. Volts

GRID VOLTAGE. ... ..ot -9 -2 —4.3 Volts
CATHODE RESISTOR....vvivitieeiieeeieian e 12500 3000 10000 Ohms
SUPPRESSOR. ..ttt tieaie e Connected to cathode at socket

CATHODE CURRENT (No signal). .« .vvviianiiiinann.. 0.16 0.65 0.43 Milliampere
PLATE RESISTOR ... etitiiiieeie et eaiiaeens 0.95 0.925 0.50 Mesgohm
PLOCKING CONDENSER.¢..vvevieeeee e 0.01 0.03 0.03 uf

GRID RESISTORY.....ivviientns e 0.25 0.95 0.25 Megohm

R-F SIGNAL (RMS)** 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 209, the voltage output for the 100-volt plate supply is 14 pesk
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 value sufficient to insure full audio output from a type 2AS.

Detector bias may be obtained from a bleeder circuit, from a resistor in the 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. [f resistance coupling is used, a plate-supply
voltage of 250 volts may be applied through a plate-coupling resistor of 0.1 to 0.25
megohm.

As a mixer in superheterodyne circuits, the 77 can be employed, but a tube having
super-control characteristics is to be preferred, especially if signals of large magnitude
are to be received, and if supplementary volume control is to be obtained in this stage.

AVERAGE PLATE CHARACTERISTICS

—
TYPE 77
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OUTPUT CHARACTERISTICS
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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 moke 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 winding.

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Radio-frequency choke coils, connected in series with each plate
lead and placed within the shielding if used, are usually necessary in receivers having high
sensitivity. The inductance of the chokes should be one millihenry or more.

A fuse having a rating approximately 50% in excess of normal load requirements
should be inserted in the primary of the power transformer to prevent damage in case of
excessive current which may low 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 degree into the surrounding space outside the plates.
This glow caused by the mercury vapor; is an inhe-ent operating characteristic of the 89.
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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.

HALF -WAVE DETECTOR
DIODE BIASED AMPLIFIER

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
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APPROXIMATE VALUES

=

C2= aluf
Cc3= aipf

Ca = QSPF OR LARGER
Cs = Q8 OR LARGER
Cg = 001-04pfF

C7 = 00005-Q00IUF
Ca = QIUFf OR LARGER

150 4 P FOR $00-1500 KC.
450 U F FOR 175 KC.
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Cg= Q000! jJf OR SMALLER
R| =Q5-1.0 MEGOHM
Rp = 1.0-1.5 MEGOHMS
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_Class B Power Amplifier—Triode Connection
(Grids No. 1 and No. 2 tied together; gnd No. 3 tied to plate)
PLATE VOLTAGE. ...ttt iee e 250 max.  Volts
PEAK PLATE CURRENT . . o\t eeeieeinieaeaeainens 90 max.  Milliamperes

AVERAGE GRID DISSIPATION (Grids No. 1 and No. 9). 0.35 max. Watt
TypPICAL OPERATION (2 tubes)

Plate Voltage. ..o 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 Output, Approximate (2 tubes)............. 3.5 Watts
INSTALLATION

The base pins of the 89 fit the standard six-contact socket which may be installed to
hold the tube in any position. Sufficient ventilation should be provided to circulate
air freely 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 stage. OPERATION CHARACTERISTICS

For Class A Pentode Operation of the 89, TVPE 89 ‘ l
the grid (No. 3) adjacent to the plate is tied a1 -
to the cathode and thus serves as the suppressor, | TS A O TrL 88 s | D
while the other two grids (No. 1 and No. 2) :ﬁwiﬁfﬁgﬁ:@:{%& , «
serve as the screen-grid and control-grid respec-  curiut L, rLATE 10 AATE = s Do E
tively. Operation of the tube is then similar to 32 ”"‘”’;::‘;ﬁif;ﬁ;ﬁ;“:‘&“zwg
any Class A power-output pentode. = ¥ 3 -

For either method of Class A operation the  ©2s ,"&,/‘pb/? 23 2
self-bias resistor should be shunted by a suitable JI/ </ e e
filter network to avoid degenerative effects at 5 & | 3 &L

X A N (] - 8, 0

low audio frequencies. The use of two 89's in s 4> 1y
push-pull eliminates the necessity for shunting // g S
the resistor. The value of the self-bias resistor $ o LA s 40§
required for two tubes in the same stage is ap- & ] ) o b
proximately one-half that for a single tube. B T S

When the 89 is operated as a Class A ©  BRivER siGNAL voLTS (Rus) © °

Amplifier (triode or pentode), transformer- or
impedance-coupling devices are recommended. If, however, resistance coupling is
used, a resistance of 1.0 megohm may be employed, provided the heater voltage does
not rise more 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. 9) 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
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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-lesk 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-c 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 milliamperes. This tube consists of two electrodes (a cathode and
an anode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced
glow in operation. This type has an S-17 bulb (see page 151) and a medium 4-pin base.
Socket 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 primary of a power
transformer to absorb the voltage variations normal to a-c power lines. The operating
current of this tube is 1.7 amperes for a voltage range of 40 to 60 volts drop in the tube.

The 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
I ODE T ONER 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, 1C6 30, 32 1A6, 1C6, 34 —
9A3, 2AS, | 2A6, 287, 24-A, 27, 35, 2A6, 287, | 2A7, 24.A,
2.5 45, 46, 47, 55, 56, 57, 58 2A7 24.A, 21, | 135,57, 58 82
53,59 55, 56, 57
33 20 22, 99 — 99 — -
50 [112A,71.A 01.A, 40, 112-A — 00-A, 01.A, - 523, 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, 17, 6A7,6F1 | 6F1,36,37,|  6F1, 36, 1.y, 84
19, 89 78, 85 15,76,71, | 39/44, 71,
85 18
15 10, 50 — — - — ‘81
12.6 — — — .= — 1273
250 43 — — — -— 2525
300 48 — - . Z Z
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has reached constant temperature, the electronic emission is read on the meter. Readings
which are well below the average for a particular tube type indicate that the total number
of available electrons has been so reduced that the tube is no longer able to function

properly.

ovac~S

Fig. 39 Fig. 40

A mutual conductance test takes into account a fundamentsl 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. 49 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

DIRECT= 0

(1) cuRRENT
METER T
A= |
Al ” Egi=t v 3
i

G =l

A-C
1), MILLIAMMETEE
(DYNAMOMETEP
TYPE)

4o} “foand e

Fig. 41 Fig. 42

approximate actual operating conditions. The alternating component of the plate current
is read by means of an a-c ammeter of the dynamometer type. The mutual conductance of
the tube is equal to the a-c plate current divided by the input-signal voltage. If a one-volt
RMS signal is applied to the grid, the plate-current-meter reading in millismperes multiplied
by one thousand is the value of mutual conductance in micromhos.
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The power output test probably gives the best correlation between test results and
actual operating performance of a tube. In the case of voltage amplifiers, the power
output is indicative of the amplification and output voltages obtainable from the tube.
In the case of power output tubes, the performance of the tube is closely checked.
Consequently, although more complicated to set up, the power output test will give
closer correlation with actual performance than any other single test.

Fig. 43 shows the fundamental circuit of a power output test for Class A operation
of tubes. The diagram illustrates the method for a pentode. The a-c output voltage 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

0.405

Power Output (watts) =

0-¢
MILLIAMMETER

A~C
INPUT

ANAMA

]

Fig. 44

ESSENTIAL TUBE TESTER REQUIREMENTS

1. It is desirable tha_t 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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Circuit Section

The circuit diagrams given on the following pages have been carefully chosen, not
necessarily to illustrate commercial practice, but rather to show many different uses of
radio tubes. All of the circuits are conservatively designed to give reliable and 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
individua!l requirements of the set builder. In addition, suitable, well-made tuned-
circuit parts can c?enerally be purchased at very reasonable cost. Information on the
characteristics and 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
PENTAGRID CONVERTER
TYPE 2A7

R-F AMPLIFIER
TYPE 58

-F PLIF DIODE DETECTOR
! YQ%ELlsalsR DELAYED Av.C.
TYPE 55

1 T +140V. +20v.
= i - =
° 1
1.0 AMP |i
FUSE R
gl | |
= - - -
sV, el T Te [c
AC, pil TYPE 523 ? ’
L= Ca=r
o— : M 8
) c —
" q-l'n., Rg Cio
| F Q00
: == T
(S
= L
T T 7 L
SPEAKER
c=o4 pe R4=25000 OHMS, | WATT
C|=OSCILLATOR PAODING CONDENSER Rg =500000~OHM A~F VOLUME=-CONTROL
C23GANGED VARIABLE CONDENSER POTENTIOMETER
€320.00045 uf Rg =1 MEGOHM
€420.0001 Uf R7=200 OHMS, 5 WATTS
€5=0.01 Jf . Rg = 25000 OHMS, 10 WATTS
Cg=! Uf, 350 VOLTS Rg=14000 OHMS, | WATT
C7=8 Uf ELECTROLYTIC,500 VOLTS L= 60~85 MILLIMENRY R-F CHOKE
Cg=8 Uf ELECTROLYTIC, 30 VOLTS L= 1000-OHM SPEAKER FIELD,1I0 VOLTS
C9=0.25 Ut L= 20-30 HENRY FILTER CHOKE,600 OHMS
C0=0.02 Mf 1) =175-KC |-F TRANSFORMER
R'= 250000 OMMS, 0.1 WATT T2 = PLATE-TO-PUSH-PULL ~GRID TRANSFORMER
R|= 300 OHMS, | WATT T3 = OUTPUT TRANSFORMER FOR PUSH-PULL 2A5'S
R2220000 OHMS, 0.5 WATT T2=POWER TRANSFORMER

worc: 3230000100000 QHMS | WATT
R 1Al XIMATE POWER OUTPUT OF 2AS STAGE. 6.0 WATTS. TME CONSTANTS OF THE THREE R=F TRA| Sl'. Ll 0
DEPEND UPON THE FREQUENCY RANGE AND GENEAAL LATOUT O ThE SET. " NSTORMERS TarTe ANO Tc Witk
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SUPERHETERODYNE AUTOMOBILE RECEIVER
WITH DELAYED AV.C.

R-F AMPLIFIER
TYPE 6D6

PENTAGRID CONVERTER
TYPE 6A

1-F AMPLIFIER
TYPE 6D6

DIODE DETECTOR, AV.C.,
TYPE 687

T2
CE{*
- N 2
3,
Ci Ca7 '
c
Q}; Rz czs
Ry,
Rio
R 1¢3
F ety

L

\

TO HEATERS 1
& e-voLt b,
STORAGE BATTERY

€1C2,C3= GANGED VARIABLE CONDENSERS
€4,C8/CrnC22.C27 = 0.05 Uf, 100 V.
€5.C91C24:C32 = 0.1 Uf
CH:CNCI0CINCI6:CI8.C19vC26,C29=0.1 LUf, 250 V.
Ci2=0SCILLATOR TRACKING CONDENSER
€13:C14 = TRIMMER CONDENSERS
C15=0.00025 Uf

C20=0-00045 Bf

C21,C28=0.0001 L f

C23=8 Uf\ 250 V.

C25 =8 Uf. LOW VOLTAGE

C30= 25 M f ELECTROLYTIC, 25V.

€31 = 0.02 Bf, 350 V.

®

Rz

\

T
¢
He,
-Av-B,GROUND  tiB0V.

SPEAKER

RisR4.R8\R|g = 250000 OHMS, 0. WAT T
R2,RQ = 300 OHMS, O-I WATT
R3)Rj0= 40000 OHMS, 0.5 WATT
Rg = 200 OHMS, 0.1 WATT
R = 25000 OHMS, 0.1 WATT
R7 = 0000 OHMS, 0.5 WATT
R)| = 100000 OHMS, 0.1 WATT

= 500000-OHM POTENTIOIMETER,
A-F VOLUME CONTRCL
Ri3,R(6:R|g = 0.5 MECOHM, O.1WAT T
Ri4R;7 = 1 MEGOHM, 0.1 WATT

N ]

Rig

T3

Rig = 3500 OHMS, 0. WATT

R20=600 OHMS, 0.5 WATT

R2) = 10000 OHMS, | WATT

L1,L2.L3=60-MILLINENRY R-F CHOKES

T, T2= 175KC. [-F TRANSFORMERS

T35 OUTPUT TRANSFORMER FOR
A SINGLE 41

NON ~ RADIATING REGENERATIVE SHCRT-WAVE RECEIVER ¢
2.5-VOLT A-C TYPES

DETECTOR
TYPE 58

&

R-F_AMPLIFIER
TYPE_58

T

ANTENNA
SYSTEM

A-F AMPLIFIER
TYPE_56

{

C1,.Co= 35 UUFf MIDGET TYPE
C3fa=100 UUf MIDGET TYPE
Cs5,06.C72 =001 pf MICA TYPE
Cg=01 uf

CgCy1p=0.00025 |If MICA TYPE

Cy =1 Uf, 200V.

C»=8-25 uf ELECTROLYTIC, 25V.
R "= 300 OHMS, 1 WATT

Ry =100

Rg =175000 OHMS ,1 WATT
Rg= 2-5 MEGOHMS, 0.1 WATT
Rg = 250000 OHMS, 1 WATT
Ry =1 MEGOHM , 04 WATT
Rg = 2500 OHMS ,1 WATT

-r-;o/'»%s_

R2 =10000-0HM WIRE -WOUND

POTENTIOME TER
000 OHMS,1 WATT

Rg =15000 OHMS , § WAT TS
Ryp=50000 -OHM POTENTIOMETER.

REGENERATION CONTROL

B8-MILLIHENRY R=F CHOKE
300-500 HENRY A-F- CHOKE
EADPHONE JACK

Sy = S.R.5.T. SWITCH

* |F A'B-BATTERY SUPPLY IS USED INSTEAD OF A POWER PACK, THE LEFT END OF POTENTIOMETER Rig SHOULD BE
CONNECTED TO +45V. OR+625V. AND Rg AND Rjy SHOULD BE OMITTED. A "8-SUPPLY ‘AS LOW AS‘ 125V, CAN BE

USED. WITH MINOR CIRCUIT CHANGES.

[142)



RCA CunningHAM RabiorroNn MANUAL

BATTERY-OPERATED SUPERHETERODYNE

R-F_AMPLIFIER
TYPE 34

PENTAGRID
CONVERTER
TYPE IC6

2.0-VOLT TYPES

1=F_AMPLIFIER
TYPE 34

DiODE ADETECTOR
TYPE 30

A-F_AMPLIFIER
TYPE_30

L +isv.

10 (+)
YV FILAMEN
Mg FILAMENTS

.=
C. Cg 8 =GANGED VARIABLE CONDENSERS
9=

00025 pif
Cs.Ca.Cne C21,C23=0.05 Pf

C6:£7,€13,C14,€15,C17:C)8,C19 =01 P
C|0=OSCILLATOR TRACKING CONDENSER

c...c.a TRIMMER CONDENSERS |
i €20=0.00045 Uf
© €22=0.0001 N !
C24,C25=0.003 Pf !
R, Ri5,R|7 =100000 OHMS, 0.1 WAFT

SPEMER T4

R5=50000 OHMS,0.l WATT

AM?LIFIER

R2,R|0=70000 OHMS, 0. WATT
R3, Rg,R|| =1000 OHMS; 0.1 WATT
Ra,Rg,RI2,Ri3,Ri4,Ri8 =0.5 MEGOHM,
0.1 WATT

RG 220000 OHMS, 0.5 WATT

R7, Ri9 235000 OHMS. 0.

5 WATT
Ri6=0.5-MEGOHM POTENTIOMETER,
A~F VOLUME CONTROL'
R20=7500 OHMS, 0.1 WATT
R5|=2000 OHMS, 0.1 WATT

NOTE  IF A SINGLE 2.0-' VbLT CELL OF A LEAD STORAGE BATTERles USED FOR THE A-BATTERY, R23 IS OMITTED

j R,
T 17,
u I

2

DRIVER 23

TYPE 30

Rzz 7000 OHMS, 0.1 WATT

.4-OHM FILAMENT RESISTOR

T|,T 175-KC. 1-F TRANSFORMERS
%LASS B INPUT TRANSFORMER

Y4‘CLASS B OUTPUT TRANSFORMER

"A'=FOUR N26 DRY Ci

-V. C=BATTERY

S|=D.P.S.T. SWITCH

FOR TYPE 19

ELLS,
N SERIES-PARALLEL
J=THREE NEAVY-DUIY 45-V. B-BATTERIES

SEE DATA UNDER INSTALLATION ON TYPE 30 FOR ADDITIONAL INFORMATION ON FILAMENT SUPPLIES.

® |

qATTERY OPERATED SHORT-WAVE RECEIVER

R-F AMPquER
TYPE 34

2.0-VCOLT TYPES

ANTENNA
SYSTEM

DETECTOR POWER AMPLIF IER
TYPE 34 TYPE 33
L3 Cu
Leo3 Bl v
Ra: R7

3

6 0
-22.5V. +61.5V.

C,C2 2100 YUF MIDGET TYPE
C3,C4 =35 UUF MIDGET TYPE
C5.C6:C7.C) = 0.05 Pf
Cg\Ci0 = 0-00025 HJ £
Co=14£, 100 V.

= 8000 OHMS., 0.1 WATT

=-A -B,t+C,tA

R2 =50000-OHM POTENTIOMETER,
R-F VOLUME CONTROL

R3 = 2-5 MEGOHMS, 0.1 WATT

R4 = FILAMENT RHEOSTAT

Rs = 50000-OHM POTENTIOMETER,
REGENERATION CONTROL
Rg 2250000 OHMS, 0.1 WATT
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+45V.

\

n

A-F
OuTPUT

=13.5V.

+135V.

R7=500000-OHM POTENTIOMETER,

A-F VOLUME CONTROL

LiL2:L3= B-MILLIHENRY R-F CHOKE

L4=300-500 HENRY CHOKE
=OUTPUT TRANSFORMER FOR
A SINGLE 33

S| =D.P.S.T. BATTERY SWITCH
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A-C AND D-C SUPERHETERODYNE RECEIVER

Y PENTAGRID CONVERTER  I-f AMPLIFIER DETECTOR POWER AMPLIFIER
< TYPE 6A7 TYPE 78 TYPE 43

AAAAAAAAA,
D
34

VWV

e

- - 7
RECTIFIER Id [
TYPE 2525 C = GANGED TUNING CONDENSER R = 12500 OHMS , 1 WATT
o'~ Q002 uf RG= 250000 OHMS , 1 WATT
nsv. o1 uf R7= 500000 OHMS, 0.1 WATT
AC. OSCILLATOR PADDING CONDENSER aa= 625 OHMS , 2 WATTS
OR 0 Of Rg= 20000-OHM BLEEDER , 1 WATT
D.C. 0.00025 U f Ri0= 150 OHMS, 25 WATTS
o acl (f Ryj= 60000 OHMS , 0.5 WATT
FUSE 8 JIf, 200V. R‘2= 35000 OHMS, 0.5 WATT
T 1 uf = 60-MILLIHENRY R-F CHOKE
" 2525 43 7! 50000~ OHM VOLUME-CONTROL Ly = 2000-OHM_SPEAKER FIELD, 100V.
POTENTIOME TER L= FILTER CHOKE; MAX. RESISTANCE 200
X N TN O, =150 OHMS, { WATT MS; INDUCTANCE AS LARGE AS PRACTICAL
v ) 10000 OHMS, 0.5 WATT T4= 465-KC |-F TRANSFORMER
SERIES-HEATER CIRQUIT Rg= 430 OHMS , 'y WATT T2= OUTPUT TRANSFORMER FOR SINGLE 43

NOTE 2 THE MECMANICAL LAYOUT OF THE SET WILL DETERMINE TO A LARGE (XYENY 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

IST R-F STAGE 2ND R—F STAGE DETECTOR TYPE 6c6

TYPE 6D 6 TYPE 606

ic N

AUDIO AMPLIFIER
TYPE 76

Cs

N
1

QUTPUT

f

+87kv. O+13sv.

A.C. OR D.C.
c =30 uuf TRIMMER R3= 18000 OHMS, 0.1 WATT
cy =001 -04 puf R4 =150 OHMS,0.f WATT
cz,c., = 0.00025 M f RS = 50000-0UM. POTENTIOME TER:
3= uf REGENERATION CONTROL
Cs= 0. uf RE= 2000 OHMS,0.1 WATT
Ce=8 JUf, 15V. P7@ 50000 OHMS , 1 WATT
R =2-35 MEGOHMS R° 0000 OHMS, TAPERED; R-F VOLUME CONTROL
Ry = 250000 OHMS , 1 WATT L =10- 50 MILLIHENRY R-F CHOKE
R2=1 MEGOHM o 0.1 WATT X = 300500 HENRY| A-F CHOKE, 2 MA,

NOTE YVPES 56,57, AND 58 MAY BE USED IN THIS CIRCUIT IN PLACE OF THE 76,8C8, AND 606 RESPECTIVELY, PROVIDLD
THEY ARE OPERATED AT THEIR RECOMMENDED HEATER, SCREEN,PLATE AND GRID BIAS VOLTAGES.
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TUNED RADIO - FREQUENCY RECEIVER
2-VOLT FILAMENT TYPES

DETECTOR ! ST AUDIO
TYPE 30

L TYPE 30

TYPE

b

| ST R-F 2ND R-F
TYPE 34 TYPE 34

L |
15 _
o 625]90 135
R2
Cy=0.9 Uf, 200 V. -3TO-22.5V.
C2 = 0.00025 uf R L
Ry RHEOS TAT [
R 2= 50000-0OHM VOLUME - CONTROL x
POTENTIOMETER Gt
L = 60-MILLIHENRY R-F CHOKE 1S7.8VOLTS ————=3
X = D.P.S.T, SWITCH A- A+ B- Be

POWER AJ&[‘PLIFI(“

TO
SPEAKER

NOTE: IT\HE BLEEDER, WHICH SHOULO HAVEOHASEUSTABLE TAPS TOGIVE THE VOLTAGES INDICATED, CAN HAVE

TOTAL RESISTANCE OF 30000

®

OPTIONAL DETECTOR AND AMPLIFIER FOR ABOVE CIRCUIT
DETECTOR

CCa=1 uf, 200V,
€3=0.00025 uf

C4q =04 JIf, 300 V. o
Ry =100000 OHMS, 1 WATT R—F
Ry =20000 OHMS, 1 WATT INPUT

R3 =0.5 MEGOHM
Lyls = 60-MILLINENRY R-F CHOKE
Ty =OUTPUT TRANSFORMER

TO BLEEDER

-6 V. APPROX.

TYPE 32

POWEPR AMPLIFIER
TYPE 33

TO RHEO- +675V. +135v.
STAT
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TUNED R-F RECEIVER WITH AVC. AND CLASS AB 45S-OUTPUT I12WATTS

~F AMPLIFIER R-F AMPLIFIER R-F. AMPLIF IER DETECTOR,AVC.  DRIVER
TYPE 5B TYPE 58 TYPE 58 TYPE 55 TYPE 56
Cas

+

o—"
(}AE - RECTIFIER
TYPE 80

f2

L o6
S 26 | R,y 5140V
/7 SPEAKER
L 120 2l | =
= _\av. = POWER

-sev]_Rao e AMPLIFIER
€1,€2.C3C4 =GANGED TUNING CONDENSERS  Ri0,R17 = 0.5 MEGOHM, Ol WAT T R3=100-OHM WIRE-WOUND POTENTIOMETER
Cs5 TO Cip = Ot UF R|J = | MEGOHM, 0.l WATT FOR PLATE CURRENT ADUUSTMENT OF 45'S
Ci7 €2) = 0.0001 UF R|2= 500000-OHM POTENTIOMETER, L|,L2.L3,L4 60-MLLIHENRY R-F CHOKES
C18vC20:C22 = 0.05 U f A-F VOLUME CONTROL L5 =20-30 HENRY, 465-OHM FILTER
Ci9,C24 = 8 Uf ELECTROLYTIC, 25V, R|5,R2| = 50000 OHMS, 0. WAT T CHOKE, 120 MA. (SEE NOTE)
C23=0.03 Uf Ri6 = 50000 OHMS, 0.5 WATT L = 30-HENRY, 450-OHM FILTER
C25=16 LUf ELECTROLYTIC, 450 V. Rig = 2700 OHMS, 0.1 WATT CHOKE , 120 MA
C26 =8 Uf ELECTROLYTIC, 350 V. R|g = 20000-OHM \ARABLE RESISTOR, L7 = 30- HENRY, 200 OHM FILTER
Co7=8Uf ELECTROLYTIC, 150 V. TONE CONTROL CHOKE
C2g = 0.0005 U f R20= 150000 OHMS, 0.1 WATT Ty = SPECIAL INPUT TRANSFORMER
R,R4,R7,R13,R14 = 100 000 OHMS, 0.1 WAT T R22= 25000-0HM, 25-WATT T2 = SPECIAL OUTPUT TRANSFORMER,
R2/R5:R8 = 300 OHMS, O.| WAT T BLEEOER, TAPPED 6900 OHMS PLATE-TO-PLATE LOAD 5000 OHMS
R3R6.Rg = 20000 OHMS, 0.5 WATT FROM +254V. T3 = POWER TRANSFORMER

NOTE: A SPEAKER DESIGNED FOR HIGH POWER AND HAVING ITS OWN D-C FIELD SUPPLY SHOULD BE USED. THL RESISTANCE OF FILTER
CHOXKE L5 MUST BE AS GIVEN IN ORDER TO BIAS THE 45'S AND THE 55 CORRECTL

@

SCREEN GRID A-F AMPLIFIER
VOLTAGE AMPLIFICATION =100% PEAK VOLTAGE OUTPUT =60-70 V. %
s TYPE S7 OR6C6

01 }Jf LOW VOLTAGE Ca =2Uf, 350 v
= 04 uf,3
250000 OHM POTENTIOME TER, A-F vowM[ “CONTROL
100000 OHMS, 0.1 WATT
3500 OHMS, 0.1 WATT
250000 OHMS, 0.1 WATT
50000 OHMS, 0.1 WATT
0.5-MEGOHM _ GRID RESISTOR FOR FOLLOWING
SELF - BIASED TUBE
0.5 MEGOHM, 0.1 WATT
MICROPHONE -TO -GRID TRANSFORMER

*TUBE ONLY; DOES NOT INCLUDE TRANSFORMER GAIN
#THE LOWER VALUE WILL HAVE LESS DISTORTION.

A-F
INPUT

nunann IF "

fin

:;I/; /%4 7/M/",d/é-w/
Aee ~ged /b}ébe‘aﬁ/'/%&(é
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AUDIO AMPLIFIER FOR USE ON 115=VOLT D-C- LINE
CLASS A - POWER OUTPUT, 4 WATTS

TYPE 6C6 OR 77 - TYPE 6C6 OR 77 TYPE 48
— =
A-F
INPUT Ty SPEAKER
L2
TYPE 48[
Rg
< _ Fan q
FUSE 7
|
115V DC B
o J&s TC =105 OHMS, 25WATTS
- Lc7 Rg= 7000 OHMS, | WATT
T erasss R = 500000-OHM POTENTIOMETER,  L; = FILTER CHOKE, IOHENRIES AT 125 MA,,
N A-F VOLUME CONTROL 0 OHMS
=2 UALOW VOLTAGE R2=8500 OHMS, 0.1 WATT L2= SPEAKER FIELD, IO VOLTS DC.

C2=0.01 Uf R32100000 OHMS, O WATT T = INPUT-TO-GRID TRANSFORMER

C3=8 U, LOW VOLTAGE R4=| MEGOHM, 0. WATT T2= PLATE-TO-PUSH-PULL-GRID TRANSFORMER,

C4=003 uf R5=1500 OHMS, O.1 WAT T RATIO PRI TO l& SEC. = Il

C5,C7=2 0F, 150V -R§= 125 OHMS, 2 WATTS T3= OUTPUT TRANSFORMER FOR

Ce= 41F, 150V, R72 (60 OHMS, 5 WATTS PUSH- PULL 48'S

HIGH=GAIN RESISTANCE —COUPLED A-F AMPLIFIER
OVERALL VOLTAGE AMPLIFICATION=2100 ¢ PEAK VOLTAGE OUTPUT=70\V.**
TYPE 79 e OUTPUT TUBE ¥

| T

A-F
0T oUTPUT
VA
B-
C1C2C5= 0.25 P, LOW VOLTAGE Ry TORg = 50000 OHMS,1 WAT T RO = 500000 OHMS , 0. WATT
C3Cq  =0.25 Jf, 350V Rg = 250000-OHM A-F VOLUME- Ty = INPUT COUPLING TRANSFORMER
CeCy =0.05 uf CONTROL POTENTOMETER T = OUTPUT TRANSFORMER FOR
Cg = 10 Uf ELECTROLYTIC,350V. R7 = 1 MEGOHM, Ol WATT THE TUBE TYPE USED
R = BLEEDER RESISTORS® Rg,Rg = 250000 OHMS, t WATT € = GRID-BIAS VOLTAGE FOR
OUTPUT TUBE USED
®OF THE 79 TRIODE UNITS ONLY. ¢ eWITH NEGLIG\BLE OIS TORTION.
BaNy TUBE TYPE REQUIRING 70% BIAS OR LESS CAN BE DRIVEN TO FULL OUTPUT (CLASS A).

'[&;‘/E EESISTDR VALUES 'N TeiE GRID BIAS SCCTON WILL DEPEND ON THE TOTAL DIRECT CURRENT
Wi

FROM THE POWER SU
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TYPICAL CLASS B AUDIO -~ FREQUENCY AMPLIFIER
OUTPUT 20 WATTS

DRIVER WER_AMPLIFI SPEAKER
TYPE 59 PO TYP %FER Ng[lﬂ

SPEAKER
| Ne2

107 TOBTMA., 400\

Cy = 0.1 pf RZ = 1100 OHMS, 2 WATTS L3 = 2500-OHM SPEAKER.FIELD, 140 W

C2 =10 Lf, 50V, R3,Rq = 3500 OHMS,1 WATT Ty = INPUT TRANSFORMER

C3,C4="0.06 Uf R5 = 2600 OHMS, 10 WATTS To = OUTPUT TRANSFORMER

C5 =16 Uf, S00V. L} = 15 HENRIES ‘AT 100 MA.;D=C Ty= POWER TRANSFORMER HAVING GOOD VOLTAGE=
Cg = 8 jif,350V. RESISTANCE 80 OHMS OR LESS REGULATION CHARACTERISTCS.

Ry = 250000 OHMS, L2 = 1500-OHM SPEAKER FIELD,120 V.
1WATT

NOTE. SPEAKERS ESPECIALLY DESIGNED FOR HIGH POWER ARE RECOMMENDED.
CIRCUIT CONSTANTS SHOULD CLOSELY APPROXIMATE THOSE GIVEN ABOVE,

PHASE INVERTER AND DRIVER FOR PUSH -PULL
RESISTANCE -COUPLED OUTPUT TUBES
VOLTAGE AMPLIFICATION =46 ¢ PEAKR VOLTAGE QUTPUT =70\V.s ®

TYPE 79 ouTPUT TUBES®
T
A-F
OUTPUT
=
Ci = 4 f, LOW VOLTAGE R4 = 500000 OHMS, O.1 WATT
C2C3=0.1 if, 400 V., RS = 500000-OHM PHASING POTENTIOMETER
Cq = 0.5 Jf, LOW VOLTAGE Rg = BIAS RESISTOR FOR PUSH - PULL
Ry = 3100 OHMS, 0.1 WAT T OQUTPUT TUBES
R2,Ry = 250000 OHMS, 0.5 WATT T, = OUTPUT TRANSFORMER

* OF TYPE 79 ONLY ®3WITH NEGLIGIBLE DISTORTION.
2 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 VOLTAGE
AMPUFICATION IS 27 AND THE PEAK VOLTAGE OUTPUT IS 81 VOLTS.
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PLATE SUPPLY® (Volts) 100~ 135 180 250
& | SCREEN SUPPLY (Volts) - - - - - - - - = = _ g = -
| GRID BIAS (Volts) -1.05 -1.05 -1.10 -1.05 ~-1.05 -1.10 -1.06 =110 -1.25 =-1.20 -1.30 -1.30 -1.30 -1.30 -1.35 =1.35
o | CATHODE RESISTOR  (Ohms) 10500 15400 11550 15000 6200 9160 5850 10000 4800- 7100 5450 9000 3170 5200 3380
39 PLATE RESISTOR  (Megohm) 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 g?gg
| GR1D RESISTOR (Megobm) 0.25 0.25 0,50 0.50 0.26 025 0,50 0.50 0.25 0.25 0.50 0.50 0.25 0.25 0.50 0.50
| PLATE CURRENT (Milliasp.) 0.10 0.07 0.09 0.07 0.17 0.12 0.18 0.11 0.25 0.17 0.24 0.14 0.41 0.26 0.40 0.24
VOLT OUTPUT®®(Peak Volts) 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 28-35 36-46 35-44

VOLTAGE AMPLIFICATION 30 29 36 37 42 38 50 48 48 6 56 55 51 48 59 58
[ PLATE SUPPLY® (Volts) 100— 135 180 250
& | SCREEN SUPPLY (Volts) 20 20 20 20 20 20 20 20 25 25 25 25 50 50 50 50
J|GRID BIAS (Volts) =-2,00 -2.50 =~2.15 =-2.60 ~-1.80 =-2.25 -1.95 =2.40 =2 10 -2.60 ~2.10 =2.60 -4.5 =5.0 =-4.5 =5.0
2 J CATHODE RESISTOR  (Ohms) 5550 12200 9350 19250 3800 83000 4850 10900 3700 7600 3500 7300 6500 11400 6500 11400
89 PLATE RESISTOR  (Megobm) 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.26 0,50
o | GRID RESISTOR (Negobm) 0.25 0.25 0.50 0.50 0.25 0.26 0.50 0.50 0.25 0.25 0.50 0.50 0.25 0.26 0.50 0,50
T pLATE CURRENT (Milliasp.) 0.27 0.15 0.23 0.13 0.35 0.20 0.30 0.16 0.43 0.26 0.45 0.26 0.65 0.35 0.65 0.35
VOLT.OUTPUT ** (Peak Volts) 28-30 25-27 36-38 32-33 3840 32~35 48-60 42-44 50-53 45-48 65-68 64~66 55-65 55-60 65-70 65-75
VOLTAGE AMPLIFICATION 35 36 47 46 36 38 $3 56 50 53 63 70 54 55 65 75
(PLATE SUPPLY® (volts) -. 100- 135 180 250
on | SCREEN SUPPLY (Volts) - - " = - - - - - - - -
o |GRID BIAS (Volts) -4.75 -3.75 -6.00 -5.50 —6.80 —4.75 -7. oo -7.00 ~=7.50 -7‘00 -7. oo -7.50 -11 -10 -14 -12
© JCATHODE RESISTOR ~ (Obms) 16800 25800 21200 46000 21200 24300 22000 42500 16300 28000 14900 31200 17600 28500 25200 38690
39 PLATE RESISTOR  (Megobm) 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 0.25 0.50 .0.25 0.50 0.25 0.50
o |GRID RESISTOR®  (Megobm) 0.25 0.25 93.50 0.50 0.25 0.25 0.80 0.50 0.25 .0.25 0.50 0.50 0.26 0.25 0,50 0,60
| PLATE CURRENT .(Millismp.) 0.28 0.14 0.23 0.12 0.32 0.19 0.31 0.16 0.46 0.25 0.47 0.24 0.63 0.35 0.55 0,32
VOLT.OUTPUT® *(Peak Volts) 24-26 17-22 27-28 26-27 34-36 27-30 38-42 36-40 38-40 36-38 40-44 40-45 55-60 45-56 65-75 6670
VOLTAGE AMPLIFICATION 6.1 8.0 8.6 6.2 6.1 8.1 6.5 6.3 6.4 6.4 6.7 6.5 6.4 6.3 6.7 6.6
PLATE SUPPLY® (Volts) 100 136 180 250.
o |SCREEN SUPPLY (Volts) 20 20 20 20 286 25 25 25 30 30 30 30 52 54 50 52
' (GRID BIAS (Volts) -1.10 -1,25 =-1.05 -1.2§ -1.20 -1.36 =-1.25 -1.40 =-1.2§ -1.50 -1,30 -1.56 -2 =2,2 =2.1 -2.3

JJCATHODE RESISTOR (Ohms) 3760 6450 3400 7250 3100 5600 3750 6300 2180 4550 2600 4850 3100 6700 3500 6200
® Y PLATE RESISTOR (Megohn) 0.25 0.50 0.25§ 0.50 0.25 0.50 0.25 0.50 0.26 0.50 0.25 0.50 0.26 0.0 0.26 0.50

2 |GRID RESISTOR® (Negoham) 0.26 0.26 0.50 0.50 0.25 0.25 0.50 0.50 0.25 0.26 0.50 0.50 0.25 0.25 0.50 0.50
& | PLATE CURRENT (Nilliamp.) 0.22 0.14 0.23 0.13 0.29 0.18 0.25 0.17 0.43 0.25 0.38 0.24 0.52 0.31 0.48 0.30
& | VOLT.OUTPUT"*(Peak Volts) 15-23 17-22 16-29 18-28 21-32 27-31 29-37 34-38 31-43 36-41 36-52 45-52 50~-60 50-55 6070 60-70

VOLTAGE AMPLIFICATION 40 39 54 53 54 52 61 62 76 85 92 93 80 75 100 110

®yoltage at plate mill be PLATE SUPPLY voltage minus voltage drop in plate resistor caused by plate current.

* For the following amplifier tube. The tabulated values illustrate design practice. For any particular set of conditions, however, the grid
resistor for the following amplifier tube should conform to the recommendations given on the DATA page of the type involved.

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

Note: In the above data, the use of a coupling condenser between the plate resistor and the grid resistor of the follow-
ing tube is assumed. A 0.1 microfarad condenser is usually adequate to insure good low-frequency .response.
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Qutline 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 desianation indicate the bulb shape, as S for “’straight side,” T for “tubuler,”

ST for a combination of tubular and straisht side, or ‘'dome type,’’ The suffix numbers of the bulb designations
indicate the nominal maximum diameter of the bulb in eighths of inches, i. e., the diameter of the 5-12 is 12 eighths,
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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.

CHarree, E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill
Book Co., Inc.
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Sons, Inc. ‘

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

|nc.

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

Mclowan Anp Branero.  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.

Mover aNdD Wostee,  Radio Handbook.  McGraw-Hill Book Co., Inc.
Mover aND Wostre.  Radio Receiving Tubes. McGraw-Hill Book Co.,

Inc.

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

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

Van Der B, H. J.  Thermionic Vacuum Tubes. McGraw-Hill Book

Co., Inc.

ZWORYKIN AND WILSON.  Photocells and Their Application. John Wiley
and Sons, Inc.
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To the Radio Amateur

The RCA Radiotron Division
. offers an extensive line of RCA
deForest transmitting tubes for

amateur and experimental use

Technical information on these

types may be obtained from

.AMATEUR RADIO SECTION
: RCA RADIOTRON DIVISION

RCA MANUFACTURING COMPANY, INC.
CAMDEN, NEW JERSEY

e BRUSL S WP S S

Fal bt T

Radio amateurs are invited to

B oaeeemiememanen W WEUISL QLI e

communicate with this section,
| ~ which is devoted solely to
their interests
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	INSTALLATION

	APPLICATION
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	APPLICATION
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	As Push-Pull Class AB Amplifier (Triode Connection)

	INSTALLATION

	APPLICATION


	Type 2A6
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	APPLICATION
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	CHARACTERISTICS

	Diode Units

	INSTALLATION

	APPLICATION
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	CHARACTERISTICS
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	APPLICATION
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	CHARACTERISTICS

	INSTALLATION

	APPLICATION
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	CHARACTERISTICS
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	INSTALLATION

	APPLICATION



	inninq a diot

	Type 6B7

	CHARACTERISTICS
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	Diode Units

	INSTALLATION

	APPLICATION
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	Radiotron
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	CHARACTERISTICS

	INSTALLATION

	APPLICATION


	Type 6D6

	CHARACTERISTICS

	INSTALLATION

	APPLICATION
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	INSTALLATION

	APPLICATION


	Type 12Z3

	CHARACTERISTICS

	INSTALLATION

	APPLICATION


	Type 25Z5

	CHARACTERISTICS

	INSTALLATION

	APPLICATION


	Type 01-A

	CHARACTERISTICS

	INSTALLATION AND APPLICATION



	^unninqham Ra d iet ran

	Type 1-v

	CHARACTERISTICS

	INSTALLATION

	APPLICATION



	inninqham/RAD^

	Type 10

	CHARACTERISTICS

	INSTALLATION AND APPLICATION

	CHARACTERISTICS

	As Class B Power Amplifier

	INSTALLATION

	APPLICATION


	Type 22

	CHARACTERISTICS

	INSTALLATION

	APPLICATION



	nninqham/radkJ\ Radiofron

	CHARACTERISTICS

	INSTALLATION

	APPLICATION"
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	CHARACTERISTICS

	INSTALLATION AND APPLICATION
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	INSTALLATION AND APPLICATION
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	CHARACTERISTICS

	INSTALLATION

	APPLICATION
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	INSTALLATION
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	inninq a diet

	INSTALLATION
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	INSTALLATION
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	INSTALLATION
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	INSTALLATION
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	INSTALLATION
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	INSTALLATION

	APPLICATION



	i n n i n q a diet
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	INSTALLATION AND APPLICATION
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	INSTALLATION



	mninqham/RAD^ adiotron

	CHARACTERISTICS
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	INSTALLATION

	APPLICATION
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	INSTALLATION

	APPLICATION
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	INSTALLATION

	APPLICATION



	mninqha a diotro
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	CHARACTERISTICS

	MERCURY-VAPOR RECTIFIER CONSIDERATIONS

	INSTALLATION

	APPLICATION



	<2.u n n î n q h a m W Radiotron

	Type 83

	CHARACTERISTICS

	INSTALLATION

	APPLICATION



	2,u nninqham/RÄ Kadictron xSx

	Type 83-v

	CHARACTERISTICS

	INSTALLATION

	APPLICATION



	nnm

	Type 84

	CHARACTERISTICS

	INSTALLATION

	APPLICATION



	/^eunninqham v±7 Radiotron

	Type 85

	CHARACTERISTICS

	Triode Unit—As Class A Amplifier

	Diode Units

	INSTALLATION

	APPLICATION


	Type 89

	CHARACTERISTICS

	Class A Power Amplifier—Triode Connection

	Class A Power Amplifier—Pentode Connection

	Class B Power Amplifier—Triode Connection

	INSTALLATION

	APPLICATION


	Types V99 and X99

	CHARACTERISTICS

	INSTALLATION

	APPLICATION

	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.



	/Ä£unninqham Radiotron

	Type 112-A

	CHARACTERISTICS

	INSTALLATION AND APPLICATION

	ADDITIONAL TUBE TYPES




	Radio Tube Testing
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	SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST
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	Circuit Section

	OPERATING CONDITIONS FOR RESISTANCE COUPLED A-F


	Outline Dimensions of RCA Cunningham Radiotrons

	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.

	Underhill, C. R. Electrons at V/ork. McGraw-Hill Book Co., Inc.
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