TECHNICAL SERIES RC-12 . N
| PRICE 25 CENTS -




‘RCA RADIOTRON DIVISION
RCA. MANUFACTURING COMPANY, INC.
o HARRISON, NEW JERSEY

Division Sales Offices

| EASTERN WESTERN
© CAMDEN,N.J. . CHICAGO, ILL:
FRONT-& COOPER STS. 590 N. MICHIGAN AVE..

DISTRICT SALEQ OFFICES, IN PRINCIPAL, CITIES
< ‘l;. ) . e - { ot

,"

I . VR B O

, -
@%":3:2;*,:,?




THE |
1 hd | Amé
RS ringham e
MANUAL

-

i TECHNICAL SERIES
RC-12




Copyright, 1934
by
RCA RADIOTRON CO., Inc.

Printed in U. 5. A,



oreword

The RCA CunnincHam RabiotRon Manual, like its pre-
ceding editions, has been prepared especially to assist those

who work or experiment with radio tubes and circuits.

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

that additions and numerous revisions have been made.

Material on the individual tube types is arranged starting
with the new three-symbol types in numerical-alphsbetical
sequence. Other two- and three-digit types follow in numerical

sequence on the basis of the last two digits.

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

others technically interested in radio tubes.

Commercial Engineering Section

RCA RADIOTRON DIVISION
RCA MANUFACTURING COMPANY, INC.

Harrison, New Jersey
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Electrons and Electrodes

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

ELECTRONS

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

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

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

Electron movement may be accelerated by the 4 “lition of energy. Heat is one form
of energy which can be conveniently used to speed up the electron. For example, if the
temperature of a metal is gradually raised, the electrons gain velocity. When the metal
becomes hot enoush to glow, some electrons may acquire sufficient speed to break away
from their nuclei. This action is utilized in the radio tube to produce the necessary
electron supply.

CATHODES

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

A filament, or directly heated cathode, may be further classified by identifying the
filament or electron-emitting material. The materials in regular use are tungsten, thoriated-
tungsten, and metals which have been coated with alkaline-earth oxides. Tungsten
filaments are made from the pure metal. Since they must operate at high temperatures (a
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dazzling white) to emit sufficient electrons, a relatively large amount of filament power is
required. Thoriasted-tungsten filaments are drawn from tungsten slugs which have been
impregnated with thoria. Due to the thorium, these filaments liberate electrons at @ more
moderste temperature (& bright yellow) and sre, therefore, much more economical of
filament power than are pure tungsten filaments. Alksline earths are usually applied by
coating a nickel alloy wire or ribbon with 4 mixture containing the materials. This coating,
which is dried in a substantia! layer on the filament, requires only a very low temperature
{a dull red) to produce a copious supply of electrons. Coasted filaments operate very
efficiently and require relatively little filament power. However, each of these cathode
materials has special advantsges which determine the choice for a particular application.
In general, tubes made with filament-cathodes or heater-cathodes and designed for use
in radio receivers utilize the coated construction.

-CATHODE

INSULATED
HEATER

CATHODE
INSULATED
HEATER

{ (11

DIRECTLY HEATED CATHQDES 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 voltege 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 notbes™ ablesome. These precautions include such features
as the utilization of massive filaments which minimize temperature fluctustions, the use of
filaments which have sufficient excess electron emission so that ¢ very large tempersture
change is required to reduce the emission below the value needed for normsl tube
operation, and the proportioning of tube parts to minimize the electrostatic and magnetic
effects produced by alternating current on the filament. The 96 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 materisl and & heater contsined 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-¢ 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 separastion of the heater from the sleeve and active cathode surface.

(21
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DIODES

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

PLATE

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

If a negative potential is supplied to the plate, the free electrons in the space sur-
rounding the cathode will be forced back to the cathode, and no plate current will
flow. T?IUS, the tube permits electrons to flow from
the cathode to the plate but not from the plate to the

cathode. If an alternating voltage is applied to the &
plate, the plate is alternately made positive and 2
negative. Plate current flows only during the time &
when the plate is positive. This phenomenon makes §
the tube useful as a rectifier of alternating current, G-I v
that is, to provide a current llow always in the same of | —[\
direction. Rectifying action is utilized in a-c receivers 3 f
i

to convert a.c, to d.c. for supplying “B,” “C,” and I
screen voltages to the other tubes in the receiver
circuit. Rectifier tubes may have one plate and one
cathode. The 871 is of this form and is called a half-
wave rectifier, since current can flow only during one-
half of the alternating-current cycle. When two
plates and one or more cathodes are used in the .me
tube, current may be obtained on both halves of the
a-c cycle. The 80, 82, 83 and 5Z3 are examples of this type and sre called fuli-
wave rectifiers.

T ALTERNATING

: VOLTAGE INPUT

[

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

Beyond & certain plate voltage, however, additional plate voltege has little effect
in increasing the plate current because all of the electrons emitted by the cathode are
being drawn to the plate. This maximum current is called saturation current, and because
itis an indication of the total number of electrons emitted, it is also known as the emission

[3]
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‘ current, or, simply, emission. In most types of tubes, it is
1] impossible to obtain this value by measurement, since the
Isataration Point current flow is sufficiently large to change the emitting
X conditions, or to damsge the tube. As a result, emission

Va values in practice are determined at some lower voltage
/ which wiﬁ not harm the tube. Different results will be
obtained if a different cathode voltage or temperature is
4 chosen, since the cathode temperature determines the
/’ number of available electrons.

NUMBER OF ELECTRONS

REACHING PLATE w3
N

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

TRIODES

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

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

respect to the cathode, the plate current correspondingly increases

cRiD or decreases. The grid is located much nearer the cathode thsn

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

same effect on tb ‘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

HMUATER

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 cathede is
called the controf-grid circuit, or more simply, the input circuit. Similarly, the circuit con-
nected between the plate and cathode is called the plate circuit, or the output circuit.

4]
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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, a5 well as
those of tubes having additional electrodes, are known as interelectrode capacitances.
Generally, the capacitz between grid and pfate 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 preferab?e 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 FLATE
known as the screen. The screen is placed between the plate and

the grid and thus mskes s four-electrode tube, or “tetrode.” With SCREEN
this type of tube, intricate circuits and balancing difficulties may

be climinated. Since the screen voltage largely determines the /\ caTHoot

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

HEATER

PENTODES

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

The plate-current limitation is removed when a fifth electrode, known as the suppressor,
is placed in the tube between the screen and plate. The family name for five-electrode
types is “pentode.” The suppressor is usually connected to the cathode. Because of
its negative potential with respect to the plate, it retards the flight of secondary electrons
and diverts them back to the plate, where they cannot cause trouble.

The suppressor is utilized st 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
suppresson hat the plate swing can be made very large, Tubes of this

scReen cRtp 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
bater late voltage. In fact, the plate voltage may be as low as, or

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

capabilities of this type. Representative of this type are 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 surface of the plate. Although structurally a tetrode, the 48 has
the power output capacity of a pentode.

MULTI-ELECTRODE and MULTI-UNIT TUBES

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

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

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

The second class includes multiple-unit tubes such as the duplex-diode triodes 55, 75
and 85, as well as the duplex-diode pentodes 2B7 and 687 and the twin Class B amplifier
types 53 and 79. All of these types have two or more separate tube units. ltis in-
teresting to note that the 80 is one of the earliest illustrations of multi-unit tubes.

PLATE
SUPPRESSOR
SCREEN GRID
DIODE PLATE
/A DIODE PLATE

CATHODE
L HEATER

Duptex-Diode Pentode

PLATE PLATE
GRIDS N2 3
GRID N22 g:g Ng? * GRID n2a
Ne GRID Net GRID Ne.2
/\ CATHODE ‘ CATHODE
HEATER HEATER
Triple-Grid Power Amplifier Pentasrid Converter

A third class combines features of each of the previous classes. Typical of this class
are the 9A7 and the A7 pentagrid converter types. These are tubes having an unusually
large number of electrodes (seven, exclusive of heater), all of which affect the same
electron stream and yet perform independently two operations (oscillator and mixer for
superheterodyne circuits) simultaneously,

[6]



Radio Tube Characteristics

The term “"CHARACTERISTICS™ is used to identify the distinguishing electrical
features and values of a radio tube. These values may be shown in curve form or they
may be tabulated. When given in curve form, they are called characteristic curves and
may be used for the determination of tube performance and the caleulation of additional
tube factors,

Tube characteristics are obtained from electrical measurements of ¢ 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 obtsined with different d-c potentials applied to the tube electrodes
while Dynamic Characteristics are the values obtsined with an a-c voltage on the control
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 obtsined 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. 2 gives the transfer characteristic family of curves for
the same tube,

: Jf r/ K 3/
§e 7 7 8T g

2 T / b3

S8 / -_‘5.45'/ //
RV, 191/ 1/
B ¢,
Ay YT

[+ 50 [}

1 150 2086 250 - P =
PLATE VOLTS . GRID VOLTS

Fig. 1 Fig. ¢

Dynamic characteristics include amplification factor, plate resistance, mutual con-
ductance, and certain detector characteristics, and may be shown in curve form for
varistions in tube operating conditions.

The amplification factor, or z, is the ratio of ¢ 2 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 o 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 alternating current. It is the ratio of a small change in plate
voltage to the corresponding change in plate current and is expressed in ohms, the unit
of resistance. Thus, if a change of 0.001 ampere is produced by a plate voltage variation
of 20 volts, the plate resistance is 20 divided by 0.001, i.e., $0000 ohms.

The mutual conductance (gw), 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.,

{71
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0.001 mho. A "‘mho” is the unit of conductance and was named by spelling ohm back-
wards. For convenience, a millionth of a mho, or a micromho, is used to express mutual
conductance. So, in the example, 0.001 mho times a million equals 1000 micromhos.

The mutual conductance characteristic of a tube is very useful when comparing its
performance capabilities with those of the same type in similar applications. However,
the usefulness of this characteristic is limited when comparing different types for any
service. For example, the 112-A has a mutual conductance of 1800 micromhos at
180 volts on the plate ond —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 volits 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 1192-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 computastions,

Maximum peak inverse voltage characteristic of ¢ rectifier tube is the highest peak
voltage that & rectifier tube can safely stand in the direction opposite to that in which
it is gesigned 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 causin
current fow. The peak value of this voltage is limite
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 rels-
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 actus! peak voltage
to a value higher than that calculated for sine-wave voltages. Therefore, the actual
inverse voltage, and not the calculated velue, 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 pesk inverse
voltage may be as high as 2.8 times the RMS value of the applied plate voltage. In
polyphase circuits, mathematical determination of peak inverse voltage requires the use of
vectors,

Maximum peak plate cument is the highest peak current that 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 tyoes of rectifiers is a function of the available emission and
the duration of the pulsating current low 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 pesk 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 pesk-indicating meter or to use an oscillograph.

Fig, 3
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Radio Tube Applications

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

AMPLIFICATION

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

A Class A amplifier is an amplifier in which the grid bias and the exciting grid voltage
are such that the plate current through the tube Hows at all times. The idesl Class A
amplifier is one in which the alternating component of the plate current is an exact repro-
duction of the form of the alternating grid voltage, and the plste current lows during the
360 electrical degrees of the cycle. The characteristics of a Class A amplifier are low
efficiency and output.

A Class B amplifier is an amplifier in which the grid bias is approximately equal to
the cut-off value so that the plate current is approximately zero when no exciting grid
voltage is applied, and so that the plate current in each tube flows during approximately
one-half of each cycle when an exciting grid voltage is present. The ideal Class B amplifier
is one in which the slternating component of plate current is an exact replica of the
alternating grid voltage for the half cycle when the grid is positive with respect to the
bias voltage, and the plate current flows during 180 electrics! degrees of the cycle. The
characteristics of a Class B amplifier are medium efficiency and output.

A Class C amplifier is an amplifier in which the grid bias is appreciably beyond the
cut-off value so that the plate current in each tube is zero when no exciting grid voltage is
present, and so that the plate current flows in each tube for appreciably less than one-
hall of each cycle when an exciting grid voltage is present. Class C smplifiers find
application where high plate-circuit eHficiency is & paramount requirement and where
departures from linesrity between input and output are permissibie. The characteristics
of a Class C amplifier are high plate-circuit eFiciency and high power output.

It is sometimes convenient to have terms to identify amplifier services when tubes are
operated under conditions intermediste to those of Class A and Class B, or to those of
Class B and Class C. The proposal has been mide that such conditions be classified as
Class AB and Class BC, respectively. It is sometimes also of interest to know whether
grid current is expected to FE)W under rated full-joad conditions. The proposals follow:

(1) A Class AB amplifier is one in which the grid bias and the exciting arid voltage are such that the plate
current flows during appreciably more then 180 _electricel desrees, but less than 360 electrical dearees of the
cycle. This has been called Class “A prime.” The characteristics of a Class AB amplifier are efficiency and
output intermediste to those of 8 Class A and a Class B amplifier. The no-signal plate current and atterdant
dissipation may be made substantially les sthan is possible with Class A amplifiers.

(2 A Class BC amplifier is an amplifier In which the grid biss and the exciting grid voltage are such ther
the plate current fows during less than 180 electrical dearees, but vet for s considerable part of the cycle,
The characteristics of a Class BC amplifier are efficiency and output intermediate to those of a Class B and 2
Class C amplifier. Class BC amplifiers are not in general use.

£33 To denote that grid current does not flow during any part of the input cycle, add the suffix 1 to the
fetter or letters of the class identification. The suffix 2 is used to denote that grid current flows during some
part of the cycle.

For radio-frequency amplifiers which operate into & selective tuned circuit, as in
radio transmitter applications, or under requirements where distortion is not an important
factor, any of the above classes of amplifiers may be used, either with a single tube or a
push-pull stage. For sudio-frequency amplifiers in which distortion is an important
factor, only Class A amplifiers permit single-tube operation. In this case, operating
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conditions are chosen so that distortion is kept below the conventionsl 5% for triodes
and the conventional 7 to 109, for tetrodes or pentodes. With Class A amplifiers, reduced
distortion with improved power performance can be obtsined 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, s radio tube is used to reproduce grid voltage varia-
tions across an impedance or a resistance in the plate circuit. These variations are essentially
of the same form as the input signal voltage impressed on the grid, but of increased
amplitude. This is sccomplished by operating the tube at & suitsble grid bias so that
the applied grid-input voltage produces plate-current varistions 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 obtsined. Fig. 4 gives
a %rdphical illustration of this method of amplification and shows, by means of the grid-
voltage vs. plate-current characteristics, the effect of an input signal (S) applied to the
grid of a tube. O is the resulting amplified plate-current varistion.
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3 4
I3
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©
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o a
Fig. 4 Fig. 5

The plate current lowing through the plate-load resistor (R) of Fig. 5 causes a voltage
drop which varies directly with the plate current. The ratio of this voitage variation
produced in the load resistor to the grid-input voltage is & measure of the voltage am-
plification, or gain, of the tube stage. This retio 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 & 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 smplification
per stage due to the tube is expressed by the following convenient formulae:

Amplification factor X Plate load resistance

Voltage Amplification =
Plate load resistance + Plate resistance

Mutusl conductance in micromhos X Plate resistance X Plate load resistance

1000000 X (Plete resistance + Plate load resistance)

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

These formulae spply equally well to all types of amplifier tubes. 1f 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 ?oad 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 replscing the resistor with

[10]



RCA CunningHAM RADIOTRON MANUAL

an inductsnce. 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.

104 PR B
F4 SN IS B, ey
3 I
E | et
] 1.5
& VOLTAGE AMPLIFICATION v8.LOAD RESISTANCE
& FOR THEGRETICAL TRIODE HAVING!
5 5 PLATE RESISTANCE S10000 OHMS e—
< AMPLIFICATION FACTORSIO
w MUTUAL CONDUCTANCE = 1000 MICROMHOS
©
5_2.5l
3
3

o 100000 200000 300000 400000 500000

LOAD RESISTANCE -OHMS
Fig. 6

The method of applying the input signal to the grid is important. If the grid of the
tube in operation does not go positive, it is possible to use an input circuit of high
impedance, since the grid-input impedance of radio tubes is very high as long as tae
grid bias is negative, If an input transformer is used, the secondary impedance is made
as high as other design conditions permit. In resistance-coupled circuits, the grid resistors
usually range in value from 34 to 2 megohms, depending upon the type of tube and
the circuit. Too high a resistance may result in instability, while too low a value of grid
resistance may result in low gain. The most suitable value will ysually have to be deter-
mined by experiment.

A super-contro] amplifier tube is a modified construction of a screen grid type and
is designed to reduce modulation-distortion and cross-modulstion in radio-frequency
stages. Cross-modulation is the effect produced in s 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 asudio-
frequency distortion in the output. This effect is produced b?: a radio-frequency amplifier
stage opersting 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 festure is obtained by a special tube structure which makes
possible variation in amplification factor with a change in grid bias. A cross-section of
the structure of a typical super-control tube is shown in %ig. 7. This type differs from
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other screen grid tubes chiefly in the construction of the control grid, which is wound
with coarse spacing at the middle and with close spacing at the ends. When weak signals
and low grid bias are applied to the tube, the effect of the non-uniform turn spacing
of the grid on csthode 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 Aow 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 50 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-control tube
drops quite slowly with large values of bias voltage. This slow change makes it possible
for the tube to handle large signals satisfactorily. Since super-control types can accom-
modate large and small signals, they are particularly suitable for use in sets having
automatic volume control.

As a Class A power amplifier, a radio tube is used in the output stage of radio receivers
to supply relatively large amounts of power to the loudspeaker. For this application,
large power output is of much 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 relatively high distortion.
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A Class A power amplifier is also used as a driver to supply power to a Class AB
or a Class B output stage. Either triodes or pentodes as driver tubes may be used, but
triodes are usually prefersble 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 perallel connection (Fig. 9) provides twice
the output of a single tube with the same value of grid-signal voltage. The push-pull
connection (Fig. 10) requires twice the input-signal voltage, but has, in addition to
increase in power, a number of important advantsges over single-tube operation.
Distortion due to even-order harmonics and hum due to plate-supply-voltage fluctustions
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 calculsted 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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are illustrated by Fig. 11 for given conditions. The procedure is as follows: A straight
line XY is drawn through the point P on the plate family of curves. This point is deter-
mined by the tentatively chosen values of plate voltage and plate current. The slope of
the line XY corresponds to the value of load resistance tentatively chosen. The slope
of XY is determined by adjusting a line through P so that the voltage value (at the inter-
section of the line with the zero-current axis) divided by the current value (ot the inter-
section of the line with the zero-voltage axis) gives the desired trial load resistance.
A more direct method is to draw any convenient line AB having the proper slope, and
then to draw XY parallel to it and through P. To draw AB, cheoose any convenient
voltage value on the zero-current axis. A line drawn through this point and given the
proper slope must intersect the zero-voltage axis at a current value equal to the chosen
voltage divided by the chosen resistance value.

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

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

Power Output =

# Eis in volts and [ in milliamperes, power output is in milliwatts.

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

Tmax. =+ Imin.
. ? ————*-——9 - lo
Tuax.
'f.,f, __________ Per cent $nd Harmonic Distortion = —-}—-—I—‘~ X 100
max. ~ T min.

Example: Determine the undistorted
power output of a 3-electrode tube ot ¢
plate voltage of 250 volts, a plate current
of 34 milliamperes, a nesative arid voltage
of 50 valts and a plate load of 3900 ohms,
g}i‘ven the plate characteristic curves as
shown.

Procedure: Draw throush point (P)
which represents proposed operating con-
S ditions, line XY with slope corresponding
to 3900-0hm load. This may be done by
drawing XY parallel to line AB. The
line AB is drewn between point (M) at
250 volts and zero current, and point (2}
at zero volts and current equal to 250 volts

34

PLATE MILLIAMPERES

a 750 25 366 % divided by plate foad of 3900 ohms, i.c.,
puate vours N8 250 + 3900 = 0064 ampers or 64
Fia. 11 milliamperes.

Substituting values from curves in above power ormula:

(66 —~73 X (360-130)
Power Output = ——————8————- = 1700 milliwatts

Substituting values rom curves in above distortion formula:
0.066 + 0.007
e — (3,003 4

2nd Harmonic Distortion = e X% 100 = 4.9%,
0.066 — 0.007

It is customary to make the final selection of load resistance such that the distortion as
caleulated above does not exceed 5 per cent, a value which experience has shown to
be permissible. Several approximations of load resistance may be necessary to obtain the
optimum value for the trisl value of plate current. Ordinerily, the plate load resistance
for optimum conditions is spproximately equal to twice the plate resistance.
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To check the trial plate current, calculations should be made for d-¢ plate currents
sbove and below the trial value. The most suitable value with its corresponding grid
bias can then be selected, unless the value is higher
than that recommended for the tube. In this event
the maximum permissible value is chosen.

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

PLATE MILLIAMPERES (1}

Fig. 12 illustrates the application of this methed
to the case of two Type 45°s operated at Eo=250

fig. 12 volts. Then
Eo — 0.6 Fo 100
Plate-to-Plate Load =w—m——o— 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
equa? to one-half the grid bias voltage required to produce plate-current cut-off at a
plate voltage of 1.4Eo. 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 velue permissible without departing from Class A
conditions, Operation beyond this
Eoint will be accompanied by recti-

cation and will no longer be repre- cap_youTS FCLE 2
sentative of a Class A amplifier. dﬁ«@'
ey = 0.203Y
The power output for push-pull g fuax .
triodes may be determined by the ¥
following formula: 2
|
o
x . 4 1, Eop s ¥
Im Eo E /
Power Output = é /
Iy € 51707V
SN, B vonpum et N 1% Ecr=ay
. = T
if Im is expressed in amperes and Eo = + ey

- s 0
in volts, power is obtained in watts, PLATE wOLTS
Thus, for Fig. 12, power output== %Y 'S THE CONTSOLWGRID BIAS YOLTAGE AT THE QPEBATING POINT

0.008 X 950 + 5, or 4.8 watts. Fig. 13

Power output for pentodes as Class A amplifiers can be calculoted in much the same
way a3 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 Qutput =
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If 1 15 in amperes and E in volts, then
E max, — E min.
P = e i OB,
Imax. — 1 min,
and power output is obtained in watts.
I max. — Imin, — 2 o

X 100
I mex.— [ min, -+ 1.41 (Ix = Iy}

Per cent 2nd Harmonic Distortion =

1 max. = Imin. — 141 Ix —1Iy)
I max. = Imin. + 1.41 (Ix — Iy)

Per cent 3rd Harmonic Distortion =

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

The conversion curves given in Fig. 14 are es- CONVERSION FAGTORS FOR PENTODES
pecially useful for power tricdes and pentodes (either oL 02 04 ...Q

in single or push-pull operation) in calculating from i
published operating conditions other operating con-
ditions to meet special plate-voltage requirements.
To use these curves, first determine the ratic of the
new plate voltage to the published plate voltage 2
nearest the desired new conditions, The ratio, the N y
Voltage Conversion Factor (Fe), is then used to de- 4 ~ //
termine the new screen voltage and/or the new con-
trol grid voltage. Factors for calculating the other
new operating conditions are read directly from the
curves of Fig. 14,

3 NG

o @

Fe applies to screen voltage, control grid voltage
and plate voltage.

\

o ©

Fi applies to plate current and to screen current.
Fp applies to power output.

Fr applies to load resistance and ff*

Fem applies to mutual conductance.

o
A

™

GCONMVERSION FACTORS F{,Fp Fr,Fgm

©
P

P

These curves are quite accurate except for over- b
biased operation. Thus, for the 45 and 2A3 at volt-  °° 7
ages greater than 180 wvolts, the conversion factors  ©o°
cannot be used unless adjustment is made to keep plate
dissipation within safe limits. The best guide to the
recommended maximum plate dissipation is the prod-
uct of the maximum recommended plate voltage and ool Ll 1 L llAlL
maximum recommended plate current for the tube type

VOLTAGE CONVERSION FAGTOR (Fe)
under consideration. Fig. 14

Class AB power amplifiers consist of a push-pull stage of power output triodes op-
erated somewhat over-biased as compared with Class A amplifiers. Usually the input
transformer has a small step-down ratio of primary to secondary in order that the stage
may be driven to the point where & small amount of grid current flows on full signal with-
out appreciable distortion. For small input signals, the amplifier performs as a Class A
amplifier; for full-input signal, its operation is similar to that of a Class B audio amplifier.
Since the amplifier operates on most input signals as a Class A amplifier, power output
tubes designed for Class A service are best adapted to use in Class AB amplifiers. The
driver power required to operate the stage at full output is small. It is necessary, how-
gver, to supw the bias voltage for the Class AB stage from a fixed supply if the maximum
output capabilities of the stage are to be obtained.
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Class B power amplifiers for audio applications are of interest where large power
output is required. In Class B service the tube is operated so that the plate current is
relatively low with no grid excitation. When a signal of sufficient magnitude is applied
to the grid, there will be no plate-current flow over a substantial part of the negative half-
cycle. In other words, plate current flows only during the least negative excursions of
the signal voltage. A considerable amount of second and higher even-order-harmonic
distortion is thus introduced into the power output of a sing?e tube. However, with
two tubes in & balanced push-pull circuit, the even harmonics are eliminated from the
power output. In such a circuit, therefore, two tubes may be employed as Class B
amplifiers to supply virtually undistorted output. Certain types such as the 19, 53, and
79 combine in one bulb two Class B amplifier triodes, so that only one tube is required
for the last audio stage.

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

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

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

The d-¢ plate current required in Class B circuits fluctuates under normal operating
conditions. The power supply, therefore, should have good regulation to maintsin proper
operating voltages regardless of the current drain. For this
purpose, a suitably designed power-unit should be em-  oviamic TRaNSFER cARacTERISTICS

ployed. The rectifier tube should have ressonably good T

regulation over the operating range. In some circuit de- PRTE VLTS = 0% Aa
signs, & vacuum type of rectifier tube can be used, while in A
others a mercury-vapor type may be needed to provide the *

required regulation. As a factor in obtaining good regu- a o
lation, the filter chokes and the transformer windings should T e 7’

have [ow resistance. In the design of a power supply for a - 'Eigra%i—s / 8

Class B amplifier, consideration should be given to eco- $
nomical distribution of losses. Also, the power supply 0 40 420 /bt
should be designed to take care of the average power A £ e
requirements with sufficient regulation to meet the peak- & © One sice oF

b
-

power demands. o~ 8
e — RIS
The grid (or grids) of a Class B amplifier tube is operated =
sufficiently positive to cause grid current to flow in its yaRrT !
input circuit. This feature imposes a further requirement 2 E
on the preceding amplifier stage which must supply not d 25
only the necessary input voltage to the output stage, but A P
it must be capable of doing so under conditions where INSTANTANEGUS GRID vOLTS{eq ()

appreciable power is taken by the grid of the Class B

amplifier ube. Since the power necessary to swing the grid positive is partially dependent
on the plate load of the Class B tube, and since the efficiency of power transfer from the
preceding stage is dependent on transformer design, it is apparent that the design of a
Class B sudio power amplifier requires thet more than ordinary attention be given to
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the effects groduced by the component parts of the circuit, For this reason, the design
of a Class B audio amplifier with its driver stage is somewhat more involved than for &
Class A system.

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

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

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

RECTIFICATION

The rectifying action of a diode finds an important application in supplying & receiver
with d-c power from an a-c line. A typical arrangement for this application includes a
rectifier tube, a filter, and a voltage divider. The rectifying action of the tube is explained
briefly under DIQDES, page 3. The filter's action is explained on page 28; its function
is to smooth out the ripple of the tube output, as indicated in Fig. 15. The voltage divider
is used to cut down the output voltage to the values required by the plates, screens, and
grids of the tubes in the receiver.

A half-wave-rectifier and a full-wave rectifier circuit are shown in Figs. 16 and 17,
respectively. The full-wave form rectifies both halves of an alternating voltage, so that
outputs of each half-cycle are supplied alternately to the filter circuit, This action occurs
at twice the supply frequency and thus makes filtering and regulation problems simpler to
handle than for the half-wave circuit. Further rectifier operating information and circuits
are given under each rectifier tube type and in the” CIRCUIT SECTION,

A voltage-doubler rectifier circuit of simple form is shown in Fig. 18. The d-c voltage
output of this circuit is approximately twice that obtainable from a hslf-wave rectifier
operated on the same a-c voltage supply. In Fig, 18,
two diodes are shown connected to two condensers. ”V\ /\

One diode is reversed electrically with respect to the o T
other. This arrangement provides rectification of each { \J \V \J
half-cycle of the a-c supply. Furthermore, during the =

period that one dicde is rectifying, the condenser % FECER T
; NN N &

across the other diode is discharging through the load
and the conducting diode. As a result, the voltage
across the foad is the sum of the d-c output voltage of
the conducting tube and the discharge voltage of the
condenser. Since the total d-c voltage across the load,
therefore, is approximately twice the d-c voltage ob-
tainable from a half-wave rectifier, this circuit is called
a voltege-doubler. Like a full-wave rectifier circuit,
filrering is simpler, since the doubler circuit gives an
output with & ripple frequency twice that of the
supply line. A tube specially designed for voltage-
doubler requirements is the 9575. It contains in a
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single bulb two separate diodes of the heater-cathode type. Fig. 19 shows o circuit
diagram employing this tube as a voltage doubler.

HALF-WAVE RECTIFIER FULL~ WAVE RECTIFIER

: l
INPUT H QUTPUT +
VOLTS =] 0 INPUT ouTPyT
f FILTER YOLTS ¢
B FUL'_I'ER

P
3
Fig. 16 Fig. 17
TYPE
1 . 2528
DIODE o
& @ FOre
e © 1How
== RMS 33 qu ©
L@ WPUT AN ot
+
A e QUTPUT
SUPPLY ouTRUT P:
VOLTAGE, = =
DIODE e e

R=HEATER VOLTAGE REDUCING RESISTOR
~a CONDENSER

Fig. 18 Fig. 19

DETECTION

In radio-broadcast transmission, the radio-frequency carrier wave is modulated by
the microphone pick-up at the studio. In reception, the operation of separating the
audio component (speech and music) from the r-f wave is known as demadulation, 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
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 4
offset by the effect in the other half of the wave at 8 [NEGATIVE SR VGLTS
rate equal to the carrier frequency, 8 frequency much
too high to operate any sudic system. If, however,
one-half of the carrier wave can be eliminated, the
audio variations of the other half of the carrier may be
utilized to operate a pair of headphones or & loud- Fia. 90
spesker (Fig. 20). 8

The ¢limination {either partially or completely) of the neutralizing effect of one-half
of the carrier wave is the function of the detector. It rectifies the carrier—permits &
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 sudio 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-biss 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 suitsble as &
detector when freedom Ffrom 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-distartion detecting action. Fig. 21 shows
half-wave diode detector circuit. The audio signal voltage is developed across the
load resistance (R).

DUPLEX-QIQRE TRIODE

31 TO GRIDOF D0
WamPLFER TUBE

RF OR
I-F A-F OR
INPUT

jnd R,
IPUT ¢

e,

TO GRID OF AMPLIFIER TUBE S oY

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-weve
rectification, the circuit may be balanced for carrier input so that no carrier frequency
is supplied to the grid of the following emplifier and no carrier-frequency filtering is
theoretically necessary. Half-wave rectigcation as compared with full-wave rectification
provides approximately twice the signal output, but requires carrier-frequency filtering.
Figure 992 illustrates full-wave diode detection by means of a duplex-dicde triode
type, such as the 55. The two diodes are used as a full-wave detector feeding the tricde
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 scross R drops to
zero under conditions of no r-f input. I extremely strong signels 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.

5
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Fig. 23 Fig. 24

The grid-bias method of detection makes use of a tube which is operated with a
grid bias such that the plate current with no signal is practically zero. The biss may be
obtained from & cathoje resister (self-biss method), & C battery, or a bleeder circuit.
When a signal is applied to the grid, rectification of the carrier occurs in the plate circuit,

{19}




RCA Cunningham Rapiorron MAnUAL

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 voitage which is
dependent on a radio-frequency or intermediste-frequency carrier signal, This voltage
may be utilized to regulate the gain of the r-f and/or i-f smplifier 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 tnis 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 sutomatically lowers
the bias on the controlled tubes so that the sensitivity of the receiver increases to maintain
normal volume. Conversely, a stronger input signal increases the voltage drop across R,
biases the control tubes more negatively so that the receiver sensitivity decreases to hold
the receiver output at normal volume. This
action is known as automatic-volume-control
or a.v.c.

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

BIGDE

R«F OR
i=F
INPUT

RO 4 plished by applying a negative d-c voltage tc

I the diode plate. In Fig. 25, a 10-volt valuz

Ry < 2 is shown. Under this condition, the positive
“-C""I"‘/\"\N“_l - swing of the signal must be slightly more than
T 10 volts before diode current flows in the

: circuit. Since a.wv.c. action is delayed until a

Fig. 25 certain minimum signal is received, this system

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

"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-Freauency amplifier stages are cut out until a desired carrier
signal is fully tuned in. This effect may be obtained by a change in voltage on control
grid, screen, or suppressor of the audio-frequency amplifier tube. The use of the control
grid is probably preferable, since the voltage required for the control operation is small
and the current required for the desired voltage change is extremely small. The control
tube is known as the noise-suppression-control tube, n.s.c. tube, Q tube, or squelch
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tube. Amplification of detector output cccurs when a carrier is tuned in; attenuation
due to “cut-off” and zero mutual conductance occurs when the carrier input is lacking
or small. Fig. 26 illustrates s simple scheme of securing autbmatic noise suppression when
using & diode detector (Vy); a triade n.s.c. tube (Va); and a controlled smplifier tube (V).

if TOGRD
Wor auo
RJW CR ==C AR;F:;LB!?.ER
1NPUT <y
L Ps
- &
[}
JrlellaE

fig. 26

When no signal is present in the input transformer, no plate current lows through
Vy. There is no bias voltage applied to the arid of Vg, so maximum plate current flows
through Rs. The voltage developed across R; biases Vs to cut-off so that it cannot amplify.
The audio stages of the receiver are thus suppressed. When a signal voltage is developed
across the input transformer, plate current flows through Vy. 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 Ry, so Ve operates with minimum fixed bias. Vs then functions
as a regular amplifier for the a-f voltage applied through Cq from R.

Fig. 27 shows a circuit employing the 55 and 57 arranged to take advantage of the
combined features of dicde detection, d.a.v.c., and ns.c. The diodes, A and B, of
the 55 are employed to secure these effects. Diode A is the d.a.v.c. unit; dicde 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 Ry back to A, The
bleeder resistor (R) provides a negative bias of 14 volts to A in order to obtain delayed
av.c. Aw.c. voltage is obtained across Ry 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 (Ry and Ry) to provide negative d-¢ bias for the 55 triode and -
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CLOSE= TYPE 85 1051 TYPE 57 01 if
COUPLED L,
To A-F
PRIMARY oyTPUT

P o [
1-F JLiggle F.OS
NPUTT
B+ @ ) R4
050 ..
E Rau ;
00001 .
-t 0.050
ai 0,001 jf
14 V- 25V i £
L R R7 l

8- fi= MEGOHM B+

fig. 27

voltage for the 57 a-f amplifier. Under signal conditions, the 55 triode is bissed 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 Ry, 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
ioudspeaker,

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 & small amount of detuning, the signal actuating
the n.s.c. tube must be reduced more sharply than that supplying the av.c. tube. One
convenient method is shown in Fig. 97. Tﬁe 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 (L1). This arrangement can be utilized to provide the desired
suppression appreciably before the aw.c. action increases the receiver sensitivity to
maximum.

OSULLATION

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

&

w— fig. 28 ——m

B- A- B+ 6~  HEATER &+
At TRARSFORMER

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 o frequency-converter device.

One method employs a mixer tube in which the radio signal ond local frequency
are applied to the same grid. The local frequency may be generated by a separate tube
of it may be generated within the mixer tube. This method generally depends on coupling
the oscillator and mixer circuits by either capacitive or inductive means.

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

With this latter arrangement, the cathode and the first

PLATE two grids may be regarded theoretically as s composite

GRIDS Ned cathode which supplies & modulated electron stream. This

SRID e modulated cathode-stream may be further controlled and

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

[\ Acamooe a3, for example, in the pentagrid converters 2A7 and 6AT7;

earaR see Fig. 29. Grid No. 1 is the control grid for the oscillstor

Fia. 25 ortion of the tube, Grid No. 2 is the anode for the oscil-

8 ator. Grids No, 3 and No. 5, connected together within

the tube, are used to accelerate the electron stream from the cathode. In addition, grids

No. 3 and No. 5 electrostatically shield the signal control grid No. 4 from the other

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

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

Assembling Radio Tubes
(23]
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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. Instellation 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. Additions! 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. Cn the other hand, high cathode voltage causes
rapid evaporation of cathode material and shortened life. To insure proper tube opers-
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 hester voltage supply may be a direct-current source (a battery or a
d-c power line) or an alternating-current power line, depending on the type of service
and type of tube. Frequently, a resistor (either variable or fixed) is used with a d-c supply
to permit compensation for battery voltage variations or to adjust the tube voltage at
the socket terminals to the correct value. Ordinarily, a step-down transformer is used
with an a-c supply to provide the proper filament or heater voltage. Receivers, however,
intended for operation on both d-c and a-c power lines have the heaters connected in
series with a suitable resistor and supplied directly from the power line.

D-c filament or heater operation should be considered on the basis of the source
of power. In the case of dry-battery supply, s variable resistor in series with the flament
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 sfter an off-period. The
voltage of dry-cells recuperates during off-periods. In the case of storage-battery supply,
sir-cell-battery supply, or d-¢ 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 storsge-
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 zasily 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 & 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 @ volts (voltage rating for these tubes) divided by 0.56 ampere (the sum of
5X0.060 ampere 92X 0,130 ampere), i.e., approximately 1.8 ohms. Since this resistor
should be variable to allow adjustment for battery depreciation, it is advisable to obtsin
the next larger commercial size, although any value between 2 and 3 ohms will be
quite sstisfactory. 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 totsl Flament current in
amperes. Thus, for the example above, 1X056=0.56 watts. In this case, the velue’
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 formuls, also derived from

Ohm'’s law.

Supply volts = Total rated volts of tubes
Required Resistance {chms =

Rated amperes of tubes

Thus, if & 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 1920 volts (the supply voltage}
minus 62.6 volts (the sum of 2X6.3 volts +2X 95 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 o 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 trensformer
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
m3y 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 Auctustions
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 sdjusted, 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 ususlly required. This resistance
sheuld be of such value that, for normal line voltage, tubes will operate at their rated
heater or filament current. The method for calculating the resistor value is given above.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from a.c., should be connected
either to the mid-tap on the heater-supply winding or to the mid-tap of & 50-chm
{approximate) resistor shunted across the winding. This practice follows the recom-
mendation that no biss 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 & 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 hester-cathode types when operated from a
storage battery, the cathode circuit is tied in either directly or through biasing resistors
to the negative battery terminal. When a series-heater arrangement is used, the cathode
circuits should be tied in either directly or through bissing 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 YOLTAGE 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 & number of devices for obtaining & high-voltage d-c
supply either from the car storage-battery or from a generator driven by the car engine.
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The maximum plate voltage value for any twbe 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 YOLTAGE SUPPLY

The recommended grid voltages for dilferent operating conditions have been care-
tutly 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 4 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 terminsl, or to the cathode terminsl 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. If bias voltages are obtsined 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 csthode 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 slong 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.

M"“’ T

B- B«

o= L s
R= GRID BIASING RESISTOR TzFILAMENT TRANSFORMER  C=BY-PASS CONDENSER
Fig. 30

The size of the resistance for seif-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 chms. [f 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 sbove for screen grid tubes or pentodes, the cathode
current is the sum of the screen and the plate current.

Grid voltage variation for the r-f amplifier stages is a convenient and frequently
used method for controlling receiver volume. The variable voltage supplied to the
grid is obtained from a bleeder circuit by means of a potentiometer; by the seif-bias
method using & variable resistor; or, with automatic volume control (av.c.), from a
bleeder circuit by means of changes in bleeder current caused by the av.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 tge grid. This requirement may be met by
3 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 s radio tube is usually obtained from a tep 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.

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

SHIELDING

Circuits employing high-gain tubes, perticularly screen grid types, require shielding
if stable operation and high-gain per stage asre 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]




RCA CunningHAM RapioRON ManuUAL

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 (s few milliamperes)
resistors are practical; where the current is large, or regulation important, chokes are
more suitable,

D-C D-C o-C D€
YOLTAGE VOLTAGE VOLTAGE VOLYAGE
LEAD LEAD LEAD LEAC

L

. R L
e Teamd Tcomel
TG CATHODE TO CATHODE TO CATHODE TO CATHODE

R=RESISTOR CHHY-PASS CONDENSER L=AF 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 st the lowest frequency amplified
should not be more than one-fifth of the impedance of the filter choke or resistor at that
frequency. Better results will be obtained in special cases if the ratio is not more than
one-tenth. Radio-frequency circuits, particularly at high frequencies, require high-
quality condensers. Mica condensers are preferable. Where stage shields are em-
ployed, filters should be placed within the shield.

Another important application of filters is to smooth the output of a rectifier tube,
See RECTIFICATION. A smoothing filter usually consists of condensers and iron-core
chokes, as in Fig. 37. In any filter design problem, the load impedance must be considered
as an integral part of the filter because the load is such an important factor in filter per-
formance. Smoothing effect is obtained from the chokes because they are in series with
the load and offer s high impedance to the ripple voltage. Smoothing effect is obtained
from the condensers because they are in parallel with the load and store energy on
the voltage peaks; this energy is released on the voltage dips and serves to maintain the
voltage at the load substantially constant.

Smoothing filters are classified as choke-input or condenser-input according to
whether a choke or condenser is placed next to the rectifier tube. See Fig. 37. The
CIRCUIT SECTION gives a number of examples of rectifier circuits with recommended
filter constants.

CHORE-INPUT TYPE FRTER CONDENSER-INRUT TYPE FILTER CONDENSER FILTER
& TEY St GETT g o T
. L [N L
weuT N wur T
4 [ < [
FROM ES = ama TROM Wby ER Fawe L
RICTHIER secTeer T T ourew recrrer TV
TuBE TUBE . TUBE
® ® @

L=FAYER CHORE CEFILTER CONDENSER

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 s 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-¢
output voltage will be somewhat lower than with the input-condenser method for &
given a-c plate voltage. However, improved regulation together with lower peak
current will be obtained.
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QUTPUT-COUPLING DEVICES

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

PLATE

jezeer
10-3CH

PLATE TO
To CHOKE | oubsPEAKER
INPUT LOUDSPEAKER
& CATHODE
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 38

Qutput-coupling devices are of two types, (1) choke-condenser and () 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 snd B-supply. The choke offers
a very low resistance to the d-c plate current component of the signal voltage but opposes
the Aow of the Ructuating component. A by-pass condenser of 2 to 6 uf supplies a path
to the speaker winding for the signal voltage. The transformer type is constructed with
two separate windings, a primary and a secondary, wound on an iron core. This construc-
tion permits of designing each winding to meet the requirements of its position in the
circuit. Typica! 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 ond Assembly of the 58
[29]




VIEWS OF RADIO TUBE

(1) Corbonizing interior walls of glass bulbs—This machine places
¢ bend of carbon dust within the bulb—then neatly cleans the
tor and bottom section of the bulb.

(8) Gauging bulbs—Uniform bulb dimensions sre essential for
making quality tubes with modern hish-speed equipment.

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

(4) Winding grids—CGrid-winding machines sutomatically wind
the correct number of turns for each grid,

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

(6) Gauging grids—inside and outside diameters are measured
to 0.001 inch.

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

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

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

(103 inspecting finished tubes—Each tube is carefully tested
before it is packed in its individual sealed carton,
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Type 1A6

PENTAGRID CONVERTER

The 1AG is a multi-electrode type of X))
vacuum tube designed to perform simul-  Zoap neaern 1om car
taneously the function of a mixer tube BOTTOM  VIEW
and of an oscillator tube in superhetero-
dyne circuits. Through its use, the inde-
pendent control of each function is made possible within a single tube. The 1A6 is
designed especially for use in battery-operated receivers. In such service, this tube
replaces the two tubes required in conventional circuits and gives improved perform-
ance. For general discussion of pentagrid types, see Frequency Conversion, page 22.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). oo 2.0 Volts
FILAMENT CURRENT .« + + v v e e e eee e e e 0.060 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate. ... .. (With shield-can)..... ... 0.25 puf
Grid Ne. 4 to Grid No. 2 (With shield-can)..... ... 0.2 puf
Grid No. 4 to Grid No. 1 (With shield-can)..... ... 0.1 unf
GridNo, 1toGridNo. 2. ..o o o 0.8 upf
Grid No. 4 to all other Electrodes (R-F input)....... 10.5 uuf
Grid No. ¢ to all other Electrodes (Osc. output). . . . 6 wuf
Grid No. 1 to all other Electrodes (Osc. input). . . .. 5 ppuf
Plate to all other Electrodes (Mixeroutput)......... 9 ik
BuLs (For dimensions, see Page 151, Fig. 7)................... ST-12
AP . e e Small Metal
BASE. ot e Small 6-Pin
) Converter Service
PLATE VOLTAGE. .ot e et iii e cnnenenns 180 max.  Volts
SCREEN VOLTAGE (Grids No. 3and 5). . ............ 67.5 max.  Volts
ANODE-GRID VOLTAGE(Grid No. @), . ............. 135 max.  Volts
ANODE-GRID VOLTAGESUPPLY® . ... ... 180 max.  Volts
.. CONTROL GRID VOLTAGE (Grid No. 4). . ........ ... —~3min.  Volts
TOTAL CATHODE CURRENT. v e vt cv et ens O max. Milliamperes
TypiCAL QOPERATION
Plate Voltage . v . ..o 135 180 Volts
Screen Voltage............ e 67.5 67.5 Volts
Anode-Grid Voltage. . ................. 135 135 Volts
Anode-Grid Voltage Supply ............ 135 180* Volts
Control Grid Voltage. . ................ -3 -3 Volts
Oscillstor Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
Plate Current. . ... .o v 1.2 1.3 Milliamperes
Sereen Current. oo e i 2.5 2.4 Millismperes
Anode-Grid Current. . ................. 2.3 9.3 Milliamperes
Oscillator Grid Current. . ... o 0.2 0.2 Milliampere
Total Cathode Current. . ................ 6.9 6.9 Milliamperes
Plate Resistance. . ..o vvvrineninnn s 0.4 0.5 Megohm
Conversion Conductance................ 275 300 Micromhos
Conversion Conductance (at —29.5 volts on
Grid No. 4) . oo i 4 4 Micromhos

* Applied throush 20000-chm dropping resistor.

The mutual conductance of the oscillator portion (not oscillsting) of the 1A% is 425 micromhos under the
following conditions: Plate voltage, 135 to T80 volts; screen voltege, 67.5 volts; anode-grid voltage (no
voltage-dropping resistor), 135 volts; and zero oscillator grid volts. Under these same conditions the
anode-grid current is 2.3 milliamperes. :
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INSTALLATION

The base pins of the 1AS6 require the use of a standard six-contact socket which
should be instalied to hold the tube in a vertical position,

The coated filament of the 1AS 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 o permanently installed voltmeter to insure the proper
filament voltage. For operation from a 2-volt lead storage-cell, the 1A6 requires no
filament resistor. Operation from an air-cell battery requires a fixed resistor in the
filament circuit. This resistor should have a value such that with a new air-cell battery,
the voltage applied across the filament terminals will not initially exceed 2.15 volts.
Series operation of the filament of the 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 cther stages.

APPLICATION

As a frequency converter in superheterodyne circuits, the 1AG can supply the local
oscillator frequency and at the same time mix it with the radic-input frequency to provide
the desired intermediste 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. However, it should be noted that the 1C6
requires additional filament current. The voltage applied to the anode-grid (No. 2) of
the 1AS 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
voitage. Adijustment of the circuit should be such that the cathode current is approxi-
mately 6 milljiamperes. Under no condition of adjustment should the cathode current
exceed the recommended maximum value of 9 milliamperes.

The bias voltage applied to agrid 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 1AG 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  rvricaL penTacrD convERTER CROUT
in a parallel path with the capacity and inductance ¢f  [RERAT 7 e oiics
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. I this is not done, r-f voltage
feed-back will occur between plate and srid 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 upf. E‘

Converter circuits employing the TA6 may easily bz BAS SURLY SUPRYSURLY Sy
designed to have a translation gain of approximately 40. | ESMAL (o cronsens
A typical circuit is shown which provides exceptionally E8= PADDNG CONDENSER

uniform oscillator output over the entire grid-bias range. ?g@g@ggﬂ&m’f& W
Refer to page 50 for details of oscillator coil assemblies. R1= GBIt ATo8 CAID LAk -2
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Type 1C6

PENTAGRID CONVERTER

The 1C6 is a multi-electrode type of o
vacuum tube designed to perform simul-  ompmearin oo car
taneously the function of a mixer tube BOTIOM VIEW
and of an oscillator tube in superhetero-
dyne circuits. Through its use, the inde-
pendent control of each function is made possible within a single tube. The 1C6 is
designed especially for use in battery-operated receivers, In such service, this tube
replaces the two tubes required in conventional circuits and gives improved perform-
ance. ltis especially usetul in multi-range receivers which are often designed to cover
frequencies as high as 20 mesacycles. For general discussion of pentagrid types, see
FREQUENCY CONVERSION, page 29.

CHARACTERISTICS
FILAMENT VOLTAGED. C). ..o 2.0 Volts
FILAMENT CURRENT. ..o oot e e e e 0.120 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.}
Grid No. 4 to Plate. ... .. (With shield-can)........ 0.3 wuf
Grid No. 4 to Grid No. 2 (With shield-can)..... ... 0.3 upf
Grid No. 4 to Grid No. 1 (With shield-can)..... ... 0.15 wunf
Grid No. Tto GridNo. €. ool 1.5 uuf
Grid No. 4 to all other Electrodes (R-F input)....... 10 uuf
Grid No. 2 to all other Electrodes (Osc. output). . .. 6 puf
Grid No. 1 to all other Efectrodes (Osc. input). . ... 6 uuf
Plate to all other Electrodes (Mixer output)......... 10 ik
BuLs (For dimensions, see Page 151, Fig. 7)................... §T-18
AP e e Small Metal
BASE. . ....... S Small 6-Pin
Converter Service
PLATE VOLTAGE. ..o ie i e 180 mex.  Volts
ScreeN VOLTAGE (Grids No. 3and 5)... ... ... .. 67.5max. Volts
ANODE-GRID VOLTAGE (Grid No. 2). . .......... ... 135 max.  Volts
ANODE-GRID VOLTAGE SUPPLY* ... ... ... .. ... 180 max.  Volts
CONTROL GRID VOLTAGE (Grid No. 4). .. .......... —3 min.  Volts
TOTAL CATHODE CURRENT. ...t 9 max. Milliamperes
TypiCAL OPERATION i
Plate Voltage . . ....................... 135 180 Volts
Screen Voltage........................ 67.5 67.5 Volts
Anode-Grid Voltage Supply . ........... 135* 180% Volts
Control Grid Voltage. .. ............... -3 -3 Volts
Oscillator Grid Resistor (Grid No. 1). ..., 50000 50000 Ohms
Plate Current. . ...cvov e, 1.3 1.5 Milliamperes
Screen Current (Approximate)............ 2 9 Milliamperes
Anode-Grid Current. . ................. 2.6 3.3 Milliamperes
Oscillator Grid Current. . ... ..o ... 0.9 0.2 Milliampere
Total Cathode Current (Approximate). . ... 6.5 7 Milliamperes
Plate Resistance. .. ... . .. ..o ... 0.55 0.75 Megohm
Conversion Conductance. ............... 300 395 Micromhos
Conversion Conductance (At —14 volts on
Grid No. 4). ..... e 4 4 Micromhos

Applied throush 20000-chm dropping resistor.

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

APPLICATION

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

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

This tube, which is similar to the 1A6 although not directly interchangeable with
it, requires twice the filament current of the latter, but offers the feature of an extended
operating range at the higher frequencies. This feature is of particular value in the design
of multi-range receivers, since the oscillator section of the 1C6 has sufficient mutual
conductance to function at frequencies as high as 95 megacycles. In order to cover this
same range of operation, the 1A6 requires the use of a triode connected in parallel
with the oscillator section for frequencies above 10 megacycles.

The maximum conversion transconductance is obtained with an oscillator-grid current
of slightly less than 0.2 milliampere. The size, inductance, and coupling of the osciflator-
grid and plate coils will determine this value. The coupling of these coils should be
adjusted to make the oscillator-grid current the proper value (approximately 0.9 milli-
ampere) when a grid condenser of 250 uuf and & grid leak of 50000 ohms are used.
Refer to page 50 ?or details of oscillator-coil assemblies.
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POWER AMPLIFIER TRIODE

The 2A3 is a three-electrode, high-
vacuum type of power amplifier tube for
use in the power-cutput stage of a-c op- BOTTOM VIEW
erated receivers. The exceptionally large
power-handling ability of the 2A3 is the
result of its design features. Among these are its extremely high mutual conductance
and its highly efficient cathode which is composed of a large number of coated filaments
arranged in series-parallel. This unusual feature provides a very large effective cethode
aree and thus makes possible the desirable characteristics of the A3,

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.or D.COo v 2.5 Volts
FILAMENT CURRENT . ..ottt ie i e et 2.5 Amperes
GRID-PLATE CAPACITANCE. ..o e 13 upf
GRID-FILAMENT CAPACITANCE . - .o i e i Q uuf
PLATE-FILAMENT CAPACITANCE . o oo it e veaeenn 4 puf
Buts (For dimensions, see Page 151, Fig. 13).................. ST16
BASE . i e e e e Medium 4-Pin
As Single-Tube Class A Amplifier
FILAMENT VOLTAGE (AL C) e 9.5 Volts
PLATE VOLTAGE . « vttt v teiin e 250 max.  Volts
GRID VOLTAGE®.......... T —45 Volts
PLATE CURRENT . - o vttt e e v e iee e 60 Milliamperes
PLATE RESISTANCE. oo v et e vt e e e e e e e e e 800 Ohms
AMPLIFICATION FACTOR. ... .o oo s 4.9
MUTUAL CONDUCTANCE . . et eie i veecvnnee s 5250 Micromhos
LOAD RESISTANCE. ot vt iv st eaeieaaasnnen 2500 Ohms
SELF-BIAS RESISTOR . vt et e e 750 Ohms
UNDISTORTED POWER OUTPUT. ..ot i e 3.5 Watts
As Push-Pull Class AB Amplifier (Two Tubes)
Fixed-Bias Self-Bias
FILAMENT VOLTAGE(A. C) oo 2.5 2.5 Volts
PLATE VOLTAGE (Maximum)............... 300 300 Volts
GRID VOLTAGE® . it ieveenns —62 —62 Volts
SELF-BIASRESISTOR. ..o e cieee e — 750 Ohms
PLATE CURRENT (Pertube)................. 40 40 Milliamperes
LOAD RESISTANCE {Plate-to-plate)........... 3000 5000 Ohms
TOTAL HARMONIC DISTORTION. ... .. ... .. 2.5 5 Per cent
POWEROQUTPUT v e eieeiees 15 10 Watts

* Grid volts measured from mid-point of a-¢ operated filsment.

INSTALLATION

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

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

The values recommended for push-pull operation are different than the conven-
tional ones usually given on the basis of characteristics for a single tube. The values
shown for Push-Pull Class AB operation cover operation with fixed-bias and with
self-bias, and have been determined on the basis of no grid current flow during the
most positive swing of the input signal and of cancellation of second-hsrmonic distortion
by virtue of the push-pull circuit. The self-biss resistor should preferably be shunted
by a suitable filter network to minimize grid-bias variations produced by current surges
in the self-bias resistor. .

When 2A3’s are operated in push-pull, it is desirable to provide means for adjusting
independently the bias on each tube. This requirement is a result of the very high mutual
conductance of these tubes—5250 micromhos. Thisvery high value makes the 2A3 some-
what critical as to grid-bias voltage, since a very small biss-voltage change produces a
very large change in plate current. 1t is obvious, therefore, that the difference in plate
current between two tubes may be sufficient to unbalance the system seriously. To avoid
this possibility, simple methods of independent self-bias adjustment may be used, such
as (1) input transformer with two independent secondary windings, or (2) filament
transformer with two independent Rlament windings. With either of these methods, each
tube can be biased separately so as to obtain circuit balance.

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

Additional curve information is given on page 35.

AVERAGE PLATE CHARACTERISTICS
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Type 2A5

POWER AMPLIFIER PENTODE

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

CHARACTERISTICS
HeaTER VOLTAGE(A. C.or D.CH ool e 2.5 Volts
FHEATER CURRENT . ..o v oot ieeee e 1.75 Amperes
BuLB (For dimensions, see Page 151, Fig. 11)............... ... ST-14
BASE. .ttt e Medium 6-Pin

As Single-Tube Class A Amplifier

Pentode Connection  1riode Connection
Screen tied to plate

PLATE VOLTAGE. oot 950 max. 250 max.  Volts
SCREEN VOLTAGE. v . oo ov e veieennns 250 max. — Volts

GRID VOLTAGE. . .......... AN —~16.5 -90 Volts

PLATE CURRENT. . ..ivie e i e e 34 31 Milliamperes
SCREEN CURRENT. . ...t nnn.. 6.5 — Milliamperes
PLATE RESISTANCE. ...t 100000 approx. 2700 Chms
AMPLIFICATION FACTOR. .. ........... 290 approx. 6.9

MuTUAL CONDUCTANCE. .. . oo, 2200 2300 Micromhos
LOAD RESISTANCE, . . ... v i 7000 3000 Chms
TOTAL HARMONIC DISTORTION. .. .. ... 7 5 Per cent
POWER QUTPUT. . ..ot 3 0.65 W atts

As Push-Pull Class AB Amplifier (Triode Connection)

Screen tied to plate

Fixed-Bias Self-Bias

PLATEVOLTAGE. ... oo 350 max. 350 max. Volts

GRID VOLTAGE . o+ e i s —38 — Volts
SELF-BIAS RESISTOR. oo v eieeveeens - 730 Ohms
ZERO-SIGNAL PLATE CURRENT (Per tube) 21 21 Milliamperes
LOAD RESISTANCE (Plate-to-plate). . . ... 8000 8000 Chms
ToTAL HARMONIC DISTORTION. . . .. ... 5 5 Per cent
POwWER QUTPUT (2 tubes). . ........... 18% 15¢ Watts

¥ WWith one 2A5 driver (connected as triode) at plate voltage of 250 volts; grid voltage, — 20 volts; and plate
load, approximately 24600 ohms. Input transformer ratio, primary to one-haif secondary is 1.6.

t With one 2AS driver {(connected as triode? at plate voltage of 250 volts; grid voltage, — 20 volts; and plate
load, approximately 25200 ohms. Input transtormer ratio, primary to one-haif secondary, is 1.74.

INSTALLATION

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

The bulb of this tube will become very hot under certain conditions of operation.
Sufficient ventilation should be provided to prevent overheating.
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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-losd operating conditions at average line voltage.

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

APPLICATION

As a Class A power-amplifier pentode, the 2A5 may be used either singly or in
push-pull. Recommended operating conditions are given under CHARACTERISTICS.
If a single 2A5 is operated at ¢ plate voltage of 950 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 & 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 flow during the
most positive swing of the input signal and of cancellation of second-harmonic distortion
by virtue of the push-pull circuit.

Self-bias resistors should be shunted by a filter network to avoid degeneration at
the low audio-frequencies. The flter 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 self-bias, the value should be limited
to 0.1 megohm.

Additional curve information is given under type 49.

AVERAGE PLATE CHARACTERISTICS
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Type 2A6
DUPLEX-DIODE HIGH-MU

TRICDE
The 2A6 is a 2.5-volt heater type of :
tube consisting of two diodes and a e Ghup T 108 CaP
high-mu triode in a single bulb. ft is for BOTTOM VIEW

use as a combined detector, amplifier, and
automatic-volume-control tube in a-¢ re-
ceivers designed for its charactenst;cs For diode-detector considerations, refer to
page 19.

CHARACTERISTICS

HEATER VOLTAGE(A. C.oor D. Con i ce et 2.5 Volts
HEATER CURRENT . .ottt v et v e e e v e eeieannans c.8 Ampere
GRID-PLATE CAPACITANCE. .10 v it v eineenneninns 1.7 upf
GRID-CATHODE CAPACITANCE. « v v eeiineenanns 1.7 puf
PLATE-CATHODE CAPACITANCE. v .ot eivnee e 3.8 put
BuLB (For dimensions, see Page 151, Fig. 7). ..o vvrenonnns. ST-12
L A Small Metal
BASE . o i e e e e Small 6-Pin

Triode Unit—As Class A Amplifier
PLATE WOLTAGE. « ot oo v ittt eere e iiiaeeenen 250 max.  Volts
GRIDVOLTAGE. vt cnereneeeaannns -2 Volts
AMPLIFICATION FACTOR. ... . e 100
PLATE RESISTANCE ... ..ottt it ireniacnens SRR 91000 Ohms
MUTUAL CONDUCTANCE . « v ovneevsevr e eovesinis 1100 Micromhos
PLATE CURRENT. .. ... e 0.8 Milliampere

Diode Units

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

INSTALLATION
The base pins of the 9AS fit the standard six-contect socket which may be installed
to hold the tube in any position.
Heater operation and cathode connection are the same as for the type 2A5,

APPLICATION

The 2A6 in many respects is similar in application to the 55. The outstanding differ-
ence, however, is that the 2A6 has a high-mu tricde. For this reason, the tube is recom-
mended for use only in resistance-coupled circuits. Furthermore, diode-biasing of the
triode unit is not suitable because of the probability of triode plate-current cut-off, even
with relatively small signal voltages applied to the diode circuit.

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

The 9A7 is a multi-electrode type of ¢
vacuum tube designed to perform simul- O Nea-HETAL TP Cap
taneously the functions of a mixer (first BOTTOM  viEw

detector) tube and of an oscillator tube in
erheterodyne circuits. Through the use
of this type, the mdepemfent contro| of each function is made posstble within a smgl
tube. The 2A7 is intended especislly for use in a-c receivers avnr{? a 9.5-volt heater

supplyg For general discussion of pentagrid types, see FREQUENCY CONVERSION,
page 22.
CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C) vt i 2.5 Volts
HEATER CURRENT . ittt vt vt e s ieaiv v eaivaenes 0.8 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)
Grid No. 4 to Plate...... With shield-can)........ 0.3 puf
Grid No. 4 to Grid No. 2 (With shield-can)........ 0.15 unf
Grid No. 4 to Grid No. 1 (With shield-can)........ 0.15 uuf
GridNo.1to GridNo. Q... oo inee .t 1.0 unf
Grid No. 4 to alf other Electrodes (R-F input)....... 8.5 upuf
Grid No. 2 to all other Electrodes (Osc. output). . .. 5.5 uuf
Grid No. 1 to all other Electrodes (Osc. input). . ... 7.0 unf
Plate to all other Electrodes (Mixer output)......... 9.0 uuf
Butg (For dimensions, see Page 151, Fig. 7).. ..., .. ... ot ST-12
L F Small Metal
BASE .« it e e - Small 7-Pin
As Frequency Converter
PLATEVOLTAGE. . ..o 250 max.  Volts
SCREEN VOLTAGE (Grids No. 3and No. 5).......... 100 max.  Volts
ANODE-GRID VOLTAGE (Grid No. @), ... ..o veiinn 200 max.  Volts
ANODE-GRID VOLTAGE SuppLy (Grid No. 2)*..... ... 950 max. Vol
CONTROL GRID VOLTAGE (Grid No. 4). ............ —3min.  Volts
TOTAL CATHODE CURRENT. ..ot i ineeee e 14 max.  Millismperes
TypICAL OPERATION
Plate Voltage . ... ..................... 100 250 Volts
ScreenVoltage. ....................... 50 100 Voalts
Anode-Grid Voltage. .. ............ . 100 200 Volts
Control Grid Voltage (Minimum) . . . .. ... =1.5 -3 Volts
Oscillator Grid Resistor (Grid Ne. 1). . ... 10000 50000 Chms
Plate Current. ... oo v et 1.3 3.5 Milliamperes
Screen Current. ........ e 2.5 2.9 Milliamperes
Anode-Grid Current. .................. 3.3 4.0 Milliamperes
Oscillator Grid Current............. ... 1.9 0.7 Milliamperes
Cathode Resistor...........oviviiioin. 150 300 Chms
Plate Resistance. ....................... 0.6 0.36 Megohm
Conversion Conductance................ 350 520 Micromhos
Control Grid Voltage, Approximate (Con-
version conductance = 2 umhos). . ..... —Q0 —45 Volts
* Voltages in excess of 200 volts require use of 20000-chm voltage dropping resistor.
INSTALLATION

The base pins of the 2A7 fit the seven-contact (0.75-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.

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

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

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

CHARACTERISTICS.

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

PLATE VOLTAGE. . ... cie e 100 250 250 Volts
SCREEN VOLTAGE (Grids No. 3 and No. 5).... 50 75 100 Volts
ANODE-GRID (No. 2) VOUTAGE. ......00ns ‘e 100 100 250* Volts
GRID (No. TIRESISTOR. .« vnee et 1000025000 25000-50000 50000-100000 Ohms

* Applied through resistor of 20000 ohms.

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

Since the capacity between grid No. 4 and plate is in o perallel path with the capacity
and inductance of the plate load, it is important to use a load capacity of sufficient size
to limit the magnitude of the r-f voltage built up across the load. [f 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 pﬁte circuit should be
not less than 50 uuf.

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

AVERAGE PLATE CHARACTERISTICS
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Type 2B7

DUPLEX-DIODE PENTODE

The 9B7 is a heater type of tube con-
sisting of two diodes and a pentode in a
single bulb. ltisrecommended for service BOTIOM VIEW
as a combined detector, amplifier (radio-
frequency, intermediate-frequency or
audio-frequency), and automatic-volume-control tube in radio receivers. The 2B7 is
intended especially for use in a-c receivers having 2.5-volt heater supply. For diode-
detector considerations, refer to page 19.

The two diodes and the pentode in this tube are independent of each other except
for the common cathode sleeve, which has one emitting surface for the dicdes and another
for the pentode. This independence of cperation permits of desirable flexibility in circuit
arrangement and design. The pentode unit of the 2B7 provides a means for obtaining
high gain in the amplification of (1) the r-f or i-f input to the diode (s) or (9) the de-
modulated output of the diode (). :

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD. CHoe oo 2.5 Volts
FHEATER CURRENT . o ov e iecenanneanannns 0.8 Ampere
GriD-PLATE CAPACITANCE (With shield-can). . ....... 0,007 max.  upf
INPUT CAPACITANCE . ..ot e e s ccvinre e 3.5 uuf
OUTPUT CAPACITANCE . v et ee e ivencnrrnens 9.5 uuf
BULB (For dimensions, see Page 1571, Fig. 7)......oovvnnnnnn, ST-12
AP e e e e Small Metal
BASE . it e et e Small 7-Pin

Pentode Unit—As Class A Amplifier
PLATE VOLTAGE.......... 100 180 250 250 max.  Volts
SCREEN VOLTAGE. ........ 100 75 100 195 max.  Volts
GRID VOLTAGE. ... vv . -3 -3 -3 -3 Volts
PLATE CURRENT. .......... 5.8 3.4 6.0 9.0 Milliamperes
SCREEN CURRENT.......... 1.7 0.9 1.5 2.3 Milliamperes
PLATE RESISTANCE. . . ..... 0.3 1.0 0.8 0.65 Megohm
AMPLIFICATION FACTOR. . . 285 840 800 730
MUTUAL CONDUCTANCE... 950 840 1000 1125 Micromhos
GRID VOLTAGE (Approx.)*. —17 —13 -17 —91 Volts

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

INSTALLATION
The base pins of the 2B7 fit the seven-contact (0.75-inch pin-circle diameter) socket
which may be installed to hold the tube in any position.
For heater operation and cathede connection, refer to type 2A5.
Complete shielding of detector circuits employing the 9B7 is generally necessary
to prevent r-f or i-f coupling between the diode circuits and the circuits of other stages.

APPLICATION
The 2B7 is recommended for performing the simultaneous functions of automatic-
volume-control, detection, and ampﬁﬁcation.
For detection, the diodes of this tube may be utilized in a full-wave circuit or in
a half-wave circuit. In the latter case, one plate only or the two plates in parallel may
be employed. The use of the half-wave arrangement will provide approximately twice
the rectified voltage as compared with the full-wave arrangement.
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For automatic-volume-control, a rectified voltage which is dependent on the r-f or
i-f carrier is usually employed. This voltage may be utilized to regulate the gain of the
r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier input to the
sudio detector. Refer to jiscussion of automatic-volume-contro| 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 obtsined 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 av.c. diode plate. Ancther av.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 an(? the ability to handle the larger signals may be
altered by choice of screen voltage to suit the requirements of the circuit. To assist in
making this choice, different operating conditions for representative screen voltages are
given under CHARACTERISTICS. :

For many types of circuits a convenient and practical method of obtaining the desired
benefit of the extended cut-off is to supply the screen voltage from a high-voltage tap
through & series resistor. This arrangement provides automatically an increase in the
voltage applied to the screen as the grid-bias is made more negative, with the result that
the maximum signal-handling ability is obtsined. 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 9B7 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
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c :{lwpuf FOR 500 ~1500 KC.
15 Nasp pureor 115 1e.

Cp=0.4 i

C3=0. U

C4q=0.5Mf OR LARGER

C5=0.0001 J3f OR SMALLER

Ce=00!1 =0.1 JIf

C7=00005-5.00t Uf

chm MFf OR LARGER

R|=0.51.0 MEGOHM
Rp=1.0~ 1.5 MEGOHMS

R3=0.4 ~0.2 MEGOHM
Ry=0.5-1.0 MEGOHM
Rg=1.0 MEGOHM

Rg=30000~100000 OHMS
R720.1-0.2 MEGOHMS
£, = VOLTAGE FOR SENSITIVITY CONTROL
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Type 5Z3
FULL-WAVE RECTIFIER

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

4 ATE PLATE,
SRS

ing very large direct-current require- BOTTOM VIEW
ments.,
CHARACTERISTICS
FILAMENT VOLTAGE(A. C) . oo 5.0 Volis
FILAMENT CURRENT. ..o vt it i e eicanieieanens 3.0 Amperes
A-C PLATE VOLTAGE PERPLATE(RMS). .. ... ....... 500 max. Volts
D-C OUTPUT CURRENT .+ v oo vt e e v v eeen e 250 max.  Milliamperes
BuLe (For dimensions, see Page 151, Fig. 13)...........oouuss. ST-16
BASE . o e Medium 4-Pin .
INSTALLATION

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

The ;oated ﬁl?ment of the 5Z3 is intended to oper- OPERATION CHARACTERISTICS
ate from the a-c line through a step-down transformer. ] [T ]
The voltage applied to the filament terminals should be [Ef=30yoLTs

. " JCONDENSER INPUT 7O FILTER
the rated value of 5.0 volts under operating conditions '%1*5 WNPUT TOFILTER | o
and average line voltage. The high current taken by the n £
filament makes it imperative that all connections in the || Ho w ok
filament circuit be of low resistance and of adequate N ~ e
current-carrying capacity. O §
et I ook
- -
APPLICATION N i s
e .Y [
As a full-wave rectifier, the 573 may be operated N"ﬁ:t___ 3008
with condenser-input or choke-input filter under condi- <o = 5
tions not to exceed the rating given under CHARAC- LT 2008
TERISTICS.  Filter circuits are discussed on page 28. 9
As a half-wave rectifier, one or more 5Z3’s may be

8

. N 40 80 120 180 200 240 280
operated with plates connected in parallel. For ex- D-C LOAD MILLIAMPERES

ample, two 523's so arranged in a full-wave circuit

can supply twice the output current of a single tube.

In this service, the plates of each 573 are tied together at the socket. The allowable
voltage and load conditions per tube are the same as for full-wave service.
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Type 6 A4

POWER-AMPLIFIER PENTODE

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

CHARACTERISTICS

FILAMENT VOLTAGE(A. C.orD. C). oo oot 6.3 Volts
FILAMENT CURRENT. ..o iii e ieeeeans 0.3 Ampere
PLATE VOLTAGE.......... 100 135 165 180 max.  Volts
SCREEN VOLTAGE. ........ 100 138 165 180 max.  Volts

.GRID VOLTAGE* ... . ... —6.5 -9 -1 —-12 Volts
PLATE CURRENT. ..., vvutn s 9 14 20 29 Milliamperes
SCREEN CURRENT. ... ... .. 1.6 2.5 3.5 3.9 Milliamg eres
PLATE RESIST. (Approx.). .. 83250 592600 48000 45500 Ohms
AmPLIFL. FACTOR (Approx.) 100 100 100 100
MutuAL CONDUCTANCE... 1200 1900 2100 2200 Micromhes
LOAD RESISTANCE......... 11000 9500 8000 8000 Ohms
TOTAL HAR. DISTORTION. . 9 9 9 Q Per cent
SELF-BIAS RESISTOR. ... .. .. 615 545 470 465 Ohms
POWER QUTPUT........... 0.31 0.7 1.2 1.4 Watts
BULB (For dimensions, see Page 151, Fig. 11).................. ST.14
BASE . Lt e e e e Medium 5-Pin

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

INSTALLATION

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

The coated filament of the 6A4 is primarily intended for operation from a six volt
storage battery. In such service, the filament terminals of the socket are connected
directly across the battery. Socket terminal No. 1 should be connected to the
positive battery terminal.

APPLICATION

For the power amplifier stage, the 6A4 is recommended either singly or in push-
pull combination. Transformer or impedance input-coupling devices are recommended.
Il, however, resistance coupling is employed, the grid resistor should not exceed 0.5
megohm. A family of plate characteristics for the 6A4 is shown on page 42.
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Type 6 A6

CLASS B TWIN AMPLIFIER

The 6A6 is a heater-cathode type of
tube combining in one bulb two high-mu
triodes designed for Class B operation, BOTIOM VIEW
The triode units have separate external
terminals for all electrodes except the
cathodes and heaters, so that circuit design is similar to that of Class B amplifiers utilizing
two tubes in the output stage. The 6AG may also be used as a Class A amplifier (with
triode units connected in parallel} to drive a 6AS as a Class B smplifier in the output stage.

CATHODE

PLATE {%
{riot-2

CHARACTERISTICS
HeaTER VOLTAGE (A. C.orD.CHooeee ool 6.3 Veits
HEATER CURRENT .« ottt e vttt iireie e ciaenes 0.8 Ampere
Buts (For dimensions, see Page 151, Fig. 11).................. ST-14
BASE . i e Medium 7-Pin

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

INSTALLATION AND APPLICATION

The base pins of the 6A6 fit the seven-contact (0.855-inch pin-circle diameter)
socket which may be installed to hold the tube in any position. SuFficient ventilation
should be provided to circulate air freely around the tube to prevent overheating.

The heater is designed to operate at 6.3 volts. In a series-heater circuit emploving
several 6.3-volt types and one or more 6A6's, the heaters of the 6AG’s should be placed
on the positive side. Furthermore, since most 6.3-volt types have 0.3-ampere heaters, o
bleeder circuit across these heaters is required to take care of the additional 0.5-ampere
heater current of the 6A6’s. Each 6.3-volt tube of the 0.3-ampere type in the series
circuit should, therefore, be shunted by a bleeder resistance of 13 ohms.

Refer to APPLICATION and curves on type 53.

AVERAGE PLATE CHARACTERI STICS
CLASS A OPERATION - EACH TRIODE UNIT

TYPE 53 TYee 6AS
Ef=25 VOLTS  E£=83 vOLTS
! A
K
vl
3™
b 7S5 S i
s o
@
. — /
&
%,
g / / /
it L, W
£ / L~ rd
B
E A < / /f/
‘ / -
7
/ o= Lop
2 Rp =60 055 gt $13
/ Rp = ;7-4.? .
| -—*‘?”__‘_-_—-'"
40 80 120 160 260 243
PLATE YOLYTS
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PENTAGRID CONVERTER

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

RADIC
\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).ooviiiii i
HEATER CURRENT . ..ottt et ie e iee 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. ... vi i
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. .. ...t
TypICAL OPERATION

Plate Voltage . . ... 100
Screen Voltage. ....................... 50
Anode-Grid Voltage. .. ................ 100
Control Grid Voltage (Minimum)........ -1.5
Oscillator Grid Resistor (Grid No. 1). . ... 10000
Plate Current...ooovvvieeiiii.n, 1.3
ScreenCurrent. . ..o L 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

[ele
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-chm voltage-dropping resistor.
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INSTALLATION

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

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

The cathode of the 6A7, when operated from a transformer, should preferably
be connected directly to the electrical mid-point of the heater circuit. When it is operated
in receivers employing a 6-volt storage battery for the heater supply, the cathode circuit
is tied in either directly or through bias resistors to the negative battery terminal. In
“transformerless’” receivers with a series-heater circuit, the cathode circuit of the 6A7
is tied in either directly or through bias resistors to the negative side of the d-c plate
supply which is furnished either by the d-c power line or by the a-c line through &
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. |f the use of a
arge resistor is necessary between the heater and cathode of the 6A7 in some circuit
gczsiglns‘r it should be by-passed by a suitable filter network or objectionable hum may

evelop.

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

APPLICATION
Refer to APPLICATION on the type 9A7.

TYPICAL PENTAGRID CONVERTER CIRCUIT
TYPES 2A7 & BA7

C % GANGED TUNING GONDENSER
(40 TG 350 PUF)

€1.82:CeiCgCr = O PP

Ca= 0.00025 Bf

C4= SEE TABLE BELOW

Ry = 250000 OHMS, .1 WATT

Rp= 10000 ~50000 OHMS, 0.1 WATT

Ra* OSCILLATOR~ANODE (GRID N2 2)
VOLTAGE ~DROPPING RESISTOR

R4= 150- 300 OHMS, 0.1 WATT

Rs = SCREEN (GRIDS N2 34 5)FILTER RESISTOR

L = 60-MILLIHENRY R-F CHOKE

T = 485~KC I-F TRANSFORMER

) © o
GRID N2 4 GRID N2 2 GRIDS N23&5 PLATE
BIAS SUPPLY SUPPLY SUPPLY SuPpPLY

COIL-DESIGN DETAILS
FREQUENCY BAND
MECACYCLES 045 T0 0.40 0.55 TO L85 1570 40 | 407010 | 10 TO 25

ASSEMBLY N¥ i 2 2 L .2 | 3
[TURNS|WIRE % | TURNS| WIRE % |[TURNS| WIRE % |TURNS| WIRE % | TURNS] WIRE %] TURNS| WIRE %]
R-F COI. (L|) 422 |36SSE| 116 |30SSE | 146 ISPINAM| 36.2 3OENAM| 101 [30ENAM| 4.4 [20ENAM|
osC. GRID COI {L2) || 198 136358€! 80 30SSE| 92 B2EMAM| 30.9 AOLNAM| 9.7 |30ENAM| 4.3 [206NAM
O3C. PLATE COIL (L3}l 80 [365SE] 30 [3088E] 20 [32EMAM] 12 I30ENAM] (2 [BBENAMI 6 [36INAM

OSC. TRACKING COND (Call U7 DUF 400 BUf W7o Lps | 2900 uf | 7300 BUF
HE T NE 2 NE 3
MULTI-LAYER COILS SINGLE-LAYER COILS SINGLE ~LAYER COILS
(AT % | ]
Pl e ; T
005 T
[ APPROX. 32
-

- 3 Lot k3
7 2] L3 K/ 2
% ek | e | AR
SRID N CATHODE GRID K22
NE gy CRID NeZ SRID NI CarndhE B

1501




DIODE PLATE

Type 6B7
DUPLEX-DIODE PENTODE

The 6B7 is a heater type of tube con-
sisting of two diodes and a pentode in a
single bulb. ltis recommended for service
as combined detector, amplifier (radio-
frequency, intermediate-frequency or
audio-frequency), and automatic-volume-contro! tube in radio receivers. The 6B7 is
especially suited for receivers of the automobile type, and for receivers in which the
heaters are operated in series from the power line. Except for the difference in heater
voltage, this type is identical in design and application to the 2B7.

BOTIOM VIEW

For diode-detector considerations, refer to page 19.

CHARACTERISTICS
HEATER VOLTAGE(A. C.or D.C) oo 6.3 Volts
HEATER CURRENT. ..ottt eiiaas 0.3 Ampere
GRID-PLATE CAPACITANCE (With shield-can).......... 0.007 max.  upt
INPUT CAPACITANCE. . oot ei i e e 3.5 euf
QOUTPUT CAPACITANCE . ot e e eieninns 9.5 uuf
BuLe (For dimensions, see Page 151, Fig. 7).......... .. .. ... ST-12
AP . e Small Metal
BASE . o Small 7-Pin

Pentode Unit—As Class A Amplifier

PLATE VOLTAGE. ......... 100 180 250 250 max. Volts
SCREEN VOLTAGE. ........ 100 75 100 195 max.  Volts

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

PLATE CURRENT. ... ..... 5.8 3.4 6.0 .0 Milliamperes
SCREEN CURRENT.......... 1.7 0.9 1.5 2.3 Milliamperes
PLATE RESISTANCE. . ...... 0.3 1.0 0.8 0.65 Megohm
AMPLIFICATION FACTOR. . . 285 840 80O 730

MUTUAL CONDUCTANCE... 950 840 1000 1185 Micromhos
GRID BIAS VOLT. (Approx.)* —17 -13 —17 —91 Yolts

* For cathode current cut-off.

Diode Units

Two diode plates are placed around a cathode, the sleeve of which is common to
the pentode unit. Each diode plate has its own base pin, Operation curves for the
diode units sre given under type 2B7, page 45.

INSTALLATION
Refer to INSTALLATION on the type 6A7.

APPLICATION
Refer to APPLICATION on the type 2B7.
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Type 6C6

TRIPLE-GRID DETECTOR,
AMPLIFIER

The 6C6 is a triple-grid tube of the
heater-cathode type recommended for
service as a biasedpdetector in radio re-
ceivers designed for its characteristics, es-
pecially those of the mobile type employ-
ing a 6-volt heater supply. In such service, this tube is capable of delivering a large
audio-frequency output voltage with relatively small input voltage. Significant among
its electrical Features are its sharp plate current “cut-off”” with respect to grid voltage.
The 6C6 is constructed with an internal shield connected to the cathode within the tube.

i
i CRID-METAL TOP CAP
BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.or D.C) oo S 6.3 Volts
HEATER CURRENT .. ..o et 0.3 Ampere
PLATE VOLTAGE. . e o ieien e eeiiaanans 100 950 max.  Volts
SCREEN VOLTAGE. ..ot iiei e en 100 100 max.  Volts
GRIDVOLTAGE* . ... . e -3 -3 Volts
SUPPRESSOR . « oot ettt e e e Connected to cathode at socket
PLATE CURRENT. o e e et e e e 2 2 Milliamperes
SCREEN CURRENT. ...ttt iie e 0.5 0.5 Milliampere
PLATE RESISTANCE . .. ..o 1.0 Greater than 1.5 Megohms
AMPLIFICATION FACTOR. . ........ ... .... 1185  Greater than 1500
MUTUAL CONDUCTANCE. .o oo iee e 1185 1225 Micromhos
GRrID VOLTAGE (Approximate)t............ -7 -7 Volts
GRrIp-PLATE CAPACITANCE (With shield-can). 0.010 max. upf
INPUT CAPACITANCE. ..o oo v iv v ereeeen e 5.0 puf
OUTPUT CAPACITANCE. .. ov v et v e 6.5 upf
Buts (For dimensions, see Page 151, Fig. 8)................. .. ST12
N 3 S Small Metal
BASE . vttt e e e Small 6-Pin

*If a arid-coupling resistor is used, its meximum value should not exceed 1.0 megohm.
t For cathode current cut-off,

INSTALLATION

The base pins of the 6C6 fit the standard six-contact socket which may be installed
to hold the tube in any position.

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

The screen voltage may be obtained from a potentiometer or bleeder circuit across
the B-supply source. Due to the screen-current characteristics of the 6C8, the use of a
resistor in series with the high-voltage supply may be employed for obtaining the screen
voltage provided the cathode-resistor method of bias control is used. This method,
however, is not recommended. if the high-voltage B-supply exceeds 950 valts.

Complete shielding of detector circuits employing the 6C6 is generally necessary,
since considerable voltage at carrier frequency is usually present in the plate circuit
even though the latter is by-passed with a low impedance condenser. Two-section filters
in the plate circuit are frequently necessary to prevent radio-frequency feed-back to

the input of the detector.
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In receivers employing a built-in loudspeaker, acoustic shielding may be necessary
to prevent microphonic ?eed-back when a strong radio-frequency carrier voltage is
present on the tube electrodes. [t should be noted slso that condenser plates may cause
an sudio how! due to mechanical feed-back from the speaker.

APPLICATION

As a biased detector, the 6C6 can deliver a large audio-frequency output voltage
of good quality with a fairly small radio-frequency signal input. Typical recommended
conditions for the 6C6 as a biased detector are as follows:

PLATE SUPPLY™®. . e eeirarannens 250 250 250 250 Volts
SCREEN VOLTAGE.. ... 50 33 100 max 100 max Volts
GRID VOLTAGE. ........... BN -2 -1.7 =~3.9 ~4.3 Volts
CATHODE RESISTOR. ..o e i iaanneas 3000 8000 4000 10000 Ohms

SUPPRESSOR. Lt ieieeean e edcnenenns Connected to cathode st socket
CATHODE CURRENT (Nosignal).....o.......... 0.65 Q.21 Q.97 .43 Milliampere

PLATE RESISTOR. ..o, .25 0.50 0.25 0.50 Megohm
BLOCKING CONDENSER. ........ooiniii. . 0.03 0.03 0.03 0.03 uf

GRID RESISTORT ovviine e Q.25 0.95 0.25 .25 Megohm
REFSIGNALRMSI®* . .. 1.18 1.21 1.38 1.37 Volts

* \/oltage at plate will be PLATE SUPPLY voltage less voltage drop in plate resistor caused by plate current,

1 For the followina amplifier tube.

*% W/ith these signal voltages modulated 209, the voltage output under each set of operating conditions is
17 peak volts at the grid of the following amplifier, 3 value sulficient to insure full sudio outout from & type 2A5.

Detector bias may be obtained from a bleeder circuit, from a resistor in the cathode
circuit, or from a partial self-biasing circuit. The cathode-resistor method permits of
higher ocutput 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 &Cé6
may be operated as shown for the type 77 on page 150.

As a radio-frequency amplifier pentode, the 6C6 may be used particularly in applica-
tions where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control-grid voltage (or both) may be varied
to control the receiver volume. When larger signals are involved, a super-control amplifier
tube should be employed to prevent the occurrence of excessive cross-modulation and
modulation-distortion.  Recommended operating conditions for amplifier service are
given under CHARACTERISTICS.

As an audio-frequency amplifier triode, the 6C6 should have its screen and suppressor
connected to the plate. Operating conditions for triode service in transformer or
impedance coupled circuits are: Plate voltage, 250 volts; grid voltage, —8 velts; and
plate current, 7 milliamperes, approximate. If resistance-coupling is used, a plate-supply
voltage of 250 volts may be applied through a plate-coupling resistor of 0.1 to 0.25 megohm.

AVERAGE PLATE CHARACTERISTICS
T | ] B
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Type 6D6

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6D6 is a triple-grid super-control
amplifier tube recommended for service '*‘;2;”;:”3‘;;&"
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-contro!. The 6D6 is constructed with an internal shield connected to the cathode
within the tube.

CHARACTERISTICS
HEATER VOLTAGE (A. C.orD. C)......... 6.3 Volts
HEATER CURRENT . . .ottt eei i enes 0.3 Ampere
PLATE VOLTAGE. ..o et 100 250 max.  Volts
SCREEN VOLTAGE. .. oot it eeeeeieaennns 100 100 max.  Volts
GRID VOLTAGE (Minimum). ............... -3 -3 Volts
SUPPRESSOR .« o ettt viiiee e eiaiaaeeanns Connected to cathode at socket
PLATE CURRENT. .\ v eiiieieiieiinnas 8 8.2 Millismperes
SCREEN CURRENT . vttt ie e iie e iiaannnn 2.2 2.0 Milliamperes
PLATERESISTANCE. . o« oo iiii e 0.925 0.8 Megohm
AMPLIFICATION FACTOR. . . ...t 375 1280
MUTUAL CONDUCTANCE. ..o vviveeennnn, 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 vveeieeeeenees 4.7 uuf
OUTPUT CAPACITANCE. . .o ovieeeeeennnns 6.5 uuf
BuLB (For dimensions, see Page 151, Fig. 8)............c.uutn ST-12
AP ettt e e e e e e Small Metal
BASE . o i e 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 obtsined, depending on
receiver requirements, from a potentiometer across a fixed supply voltage or by the
usz of a variable self-bias resistor in the cathode circuit.

The screen voltage may be obtained from a potentiometer or bleeder circuit across
the B-supply source. Due to the screen current characteristics of the 6D6, a resistor
in series with the high-voltage supply may be employed for obtaining the screen voltage
provided the cathode-resistor method of bias control is used. This method, however, is
not recommended if the high-voltage B-supply exceeds 250 volts. Furthermore, it
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should be noted that the use of a resistor in the screen circuit will have an effect on
the change in plate resistance with variation in suppressor voltsge in case the suppressor
is utilized for contro! purposes.

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

Shielding requirements are similar to those for type 6C6.

APPLICATION

As a radio-frequency amplifier, the 6D6 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote “cut-of™
feature, and its flexible sdaptability 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 reslize 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
rathode 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 6D8, 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 allowsble because
the screen and the plate current are reduced simultaneously by a sufficient amount to
ptevent damage to the tube. It should be recognized in general that the series-resistor
method of obtaining screen voltage from a higher voltage supply necessitates the use
of the variable cathode-resistor method of controlling volume. When screen and control-
grid voltages are obtained in this manner, the remote “cut-off " advantage of the 6D6
may be fully realized.

As a mixer in superheterodyne circuits, the 6D6 may be used to advantage. It is
capable of producing, under the proper conditions of grid and local oscillator voltage,
a gain in the mixer stage of about one-third that which can be obtained in an intermediate-
frequency amplifier stage. . In addition, this gsin can be controlled as in the case of the
radio-frequency amplifier by varying the grid bias either from a separste 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 & 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 osciflator peak swing).
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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 adspted to circuit
design in several ways.

TRIODE PLATE

4PENTODE GRID-METAL TOP CAP
BOTTOM VIEW

. CHARACTERISTICS
HEATER VOLTAGE(A. C.orD.C). oo 6.3 Volts
HEATER CURRENT . o oottt et e i e e e ee i e 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES
Triode Unit—Grid toPlate. . ................... 2.0 uuf
Gridto Cathode . ................. 2.5 puf
Plate to Cathode. . ........... ... 3.0 puuf
Pentode Unit—Grid to Plate (With shield-can). . .... 0.008 max.  puf
Input. oo 3.2 wpf
Output. oo 12.5 upf
BuLs (For dimensions, see Page 151, Fig. 7)................... ST-12
AP . e Small Metal
BASE. i Smal!l 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

Plate Voltage (Maximum)...............
Screen Voltage. ......................
Grid Voltage. .. ..oovvo Ll
Oscillator Peak Voltage Input...........
D-CGridCurrent.....................
D-CPlate Current.....................
Screen Current. . ..oovvviiiiia..
Plate Resistance. ......................

Triode Unit Pentode Unit

100° 250 Volts
— 100 Volts
—10* Volts

7 Volts

0 Milliampere
8 Milliamperes

.6 Milliampere
0 Megohms

0 Micromhos

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

t1 Oscillator conditions should be adjusted so that plate current does not exceed maximum of 4 milliamperes.
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INSTALLATION
Refer to INSTALLATION on type 6A7.

APPLICATION

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

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

AVERAGE PI,..Eﬁ‘!;g gélmﬁACTER!STICS
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AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

T T
TYPE 6F7 2
Eg=6.3 VOLTS L&

inav

E

x‘i‘«%
\ - \bo( Zs

A

PLATE MILLIAMPERES

™~

T
\ 3
~
\ Y \
?\\\\
..
)
N

/ /
L / A // /‘&
/; ‘ﬁ{ é"/"&/ﬁ// 3 D// 355 P

200
FLATE vOLYTS

[58]



@Qunngoq‘ham

fron

Type 12723
HALF-WAVE RECTIFIER

The 1973 is a half-wave, high-vacuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-¢ BOTIOM VIEW
power from an a-c power line. |t is in-
tended for use in “transformerless” re-
ceivers of the “universal” (a.c.-d.c.) type. The adaptability of the 1273 to such receivers
is facilitated by the heater design which permits of convenient series operation with
other tube types.

CHARACTERISTICS

HEATER VOLTAGE(A. C.orD.CH. .ol 12.6 Volts
FHEATER CURRENT . oot et it i eeie e crecnnnneenes 0.3 Ampere
A-CPLATE VOLTAGERRMS) ..o 250 max.  Volts

PEAK INVERSE VOLTAGE. vt cv st v ceeeecrcanninns . 700 max.  Volts

D-C OUTPUT CURRENT , ottt r et ee s s anaes 60 max.  Milliamperes
BuLB (For dimensions, see Page 151, Fig. 6)......covvvvnennnnn ST-12

2N ] S PN Small 4-Pin

INSTALLATION

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

The 19.6-volt heater of the 1973 is designed to operate under the normal conditions
of line-voltage variation without materially aHfecting the performance or serviceability
of this tube. For operation of the 1273 in series with the heaters of other types having
0.3 ampere rating, the current in the heater circuit should be adjusted to 0.3 ampere for
the normal supply voltage. The d-c potential difference between heater and cathode
should be limited to 350 volts.

OPERATION CHARACTERISTICS

* ‘
APPLICATION E;{*’;g%g_gs gga(»zzs il
As a half-wave rectifier, the 1973 is particularly e s
useful in “transformerless™ receivers of the “universal” PESR T
type. Conditions for this service are given under . R .
CHARACTERISTICS. TR Stk | |
A filter of the condenser-input type is recommended S o

for use with this tube in order to obtain a d-c output
voltage as high as possible, A large input capacitance
in the order of 16 uf is desirable. Typical output curves [ ~Nemg

o
D=C OUTPUT VOL1S AT INPUT TO FILIER

) e . 8
for several values of input condensers are shown in the [—= A T
accompanying diagram., As a supplement to the curves A 80
with an a-c input voltage, a dashed curve is included
to show the output when the receiver is operated from i o
. B8 T36 40 G 60
a d-c power lme. - O-C LOAD MILLIAMPERES
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TYpe QSZS ?5?’0323';
RECTIFIER-DOUBLER (0.

The 2575 is a full-wave, high-vacuum
rectifier of the heater-cathode type for use
in suitable circuits designed to supply d-¢ BOTTOM  view
power from an a-¢ power line. This tube
is of particular interest because of its
adaptability to the design of ““transformerless™ receivers of either the “universal (a.c.-d.c.)”
type or the “a-c operated” type. In “universal” receivers, the 25Z5 may be used as a
half-wave rectifier, while in the “a-c opersted™ type, it may be used as a voltage doubler
to provide about twice the d-c output voltage obtainable from the half-wave arrangement.
This two-fold application is made possible by the use of a separate base pin for each of
the two cathodes. For voltage-doubler considerations, see page 17.

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

CATHODE
(GO0 -2

CHARACTERISTICS
HEATER VOLTAGE ..ottt it eeie e 25 Volts
HEATER CURRENT . ot i e it et inie e iieiie e 0.3 Ampere
A-C VOLTAGE PER PLATEQRMS). . ... ... . oL 125 max.  Volts
D-C OUTPUT CURRENT . o1 ot ii e i 100 max.  Milliamperes
Buis (For dimensions, see Page 151, Fig. 6)................... ST-1g
BASE . o e e e e i Small 6-Pin
INSTALLATION

The base pins of the 2525 fit the standard six-contact socket which may be installed
to hold the tube in any position.

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

The heater is designed to operate under the norms! conditions of line voltage varia-
tion without materially sHecting the performance or serviceability of this tube. The
current in the heater circuit should be adjusted to 0.3 ampere for the normal supply
voltage.

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

APPLICATION

As a half-wave rectifier, the 9575 is designed for service in “transformerless’” re-
ceivers of the “universal” type. In such service, the two plates are connected together
at the socket in order to act a5 a single plate; likewise, the cathodes are connected as
a unit. Conditions for this method of operation are given under CHARACTERISTICS.
Typical output curves for several values of input condensers are shown on page &1.
As a supplement to the curves with a-c input voltage, a dotted curve is included to show
the output when the receiver is operated from & d-¢- power line.
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As a voltage doubler, the 25Z5 is useful in "'transformerless” receivers of the “a-c
operated’” type and is capsble of supplying approximately twice the d-c output voltage
of the half-wave circuit. In voltage-doubling service, the two diode units of the tube
are arranged as shown in the voltage-doubler circuit, below. Operating conditions
for this type of service are the same as for half-wave service. Typical output curves for
the voltage-doubler circuit are given below.

OPERATION CHARACTERIZTICS c
HALF-WAVE RECTIFIER OPERAT'\,%TT &A?&%IE;& ISTIES
T T
TYPE 2575 TYPE 2825
- Efo25 VOL_}TS - £¢s23 voLTS
INPUT VOLTS CURVE —
SEE CIRCUIT
2Ry — BELOW
(9]
180¥ 320 §
by o
\\"&: ; $ac &
- £, o
= PR 1205 k\\é $2 240"
O ~dE e g s, 5
& WF = "‘wé(@}:f« z
4, 5 N oo R
s o N, S g o
\ \\?’F n ~ o
Q" o g \Qr 4
B 3 il
£ g
a0y 80 ¢
o o
!
5 B 7 5
0-C LOAD MILLIAMPERES
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Type 01-A
DETECTOR, AMPLIFIER

The 01-Ais a three-electrode storage-

battery tube for use as a detector and as’ BOTIOM VIEW
an amplifier.
CHARACTERISTICS

FILAMENT VOLTAGE (D. C)e oo 5.0 Volts
FILAMENT CURRENT . oot e e e eeee e v eiirae i enanns 0.25 Ampere
PLATE VOLTAGE .« et e e e ie e ceiennsaees Q0 135 max. Volts
GRID VOLTAGE . .. oo vt iieiieaeinncans —~4.5 —Q Volts
PLATE CURRENT . . v v e ever eneeeneeanane 2.5 3.0 Milliamperes
PLATE RESISTANCE . « ot ccae e e 11000 10000 Ohms
AMPLIFICATION FACTOR. .. ..ot v e 8 8
MUTUAL CONDUCTANCE. ..o vocvnannneens 795 800 Micromhos
GRID-PLATE CAPACITANCE . - oo ovee e enens 8.1 puf
GRID-FILAMENT CAPACITANCE. .. ... ...v 3.1 b
PLATE-FILAMENT CAPACITANCE. ... . vvtt 2.2 upf
Butg (For dimensions, see Page 151, Fig. 1. .. a .. ST-14
BASE .« ettt e e e e i eas Medium 4-Pin Bayonet

INSTALLATION AND APPLICATION

The base pins of the 01-A fit the standard four-contact socket, which should be
installed to hold the tube in a vertical position.

As a detector, the 01-A may be operated either with conventional grid leak and
condenser or with grid bias. For grid-bias detection, plate voltages up to the maximum:
value of 135 volts may be used with the corresponding negative grid-bias voltage
(13.5 volts approximately, at 135 volts).

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

AVERAGE PLATE CHARACTERISTICS

T T
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Type 1-v
HALF-WAVE RECTIFIER

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

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

interchangeable with type 1.

CHARACTERISTICS

HeaTER VOLTAGE(A. C.orD.CY. oo 6.3 Volts
HEATER CURRENT . coi ittt aeennnns 0.3 Ampere
A-CPLATEVOLTAGERMS). ... .o et 350 max. Vol

PEAK INVERSE VOLTAGE. .ov ittt iiieieieiiiaaans 1000 max. Volts
D-COUTPUT CURRENT .« o oottt e eeiinee e aaeee s 50 max. Milliamperes
BuLs (For dimensions, see Page 151, Fig. &).. .. .......... ... 5T-19

BASE . o v vt e e e e e e Small 4-Pin

INSTALLATION

The base pins of the 1-v fit the standard four-contact socket which may be instslled
to hold the tube in any position,
Heater operation is similar to that for type 6A7.

APPLICATION

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

If the condenser-input type of filter is used, con- OPERATION CHARACTERISTICS
sideration must be given to the instantaneous peak . I;P;EJSY.ITS '
value of the a-c input voltage which, for a sinusoidal [Furén conpenser=c
wave, is about 1.4 times the RMS value as measured — ®
with an a-c voltmeter. [t is important, therefore, that E ST
the filter condensers (especially the input condenser) = o \“:‘:%>350 o]
have a sufficiently high breskdown rating to with- = ey -
stand this instantaneous peak value. Particular attention 5 cz,%{>3°°
must be given to this point when the wave-shape fao \%&5250 -
input to the plates of the rectifier tube is non- . SR -
sinusoidal. :;‘;2“ L
When the input-choke method is used, the avail- ;D: [ .
sble d-¢ output voltage will be somewhat lower than 3 ST =g e 17
with the input-condenser method for a given a-c plate b oo, NPT e
voltage. Mowever, improved regulation, together LA S l

with lower peak current, will be obtained. D~C LOAD MILLAMPERES
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Type 10

POWER AMPLIFIER,
OSCILLATOR

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

CHARACTERISTICS
FUAMENT VOLTAGE(A. C.or D.Cu v e ool 7.5 Volts
FILAMENT CURRENT. ... ... AU 1.95 Amperes
PLATE VOLTAGE. ............... 950 350 495 max.  Volts
GRID VOLTAGE*. . ... ... —9¢ -—31 -39 Volts
PLATE CURRENT. ....... v, 10 16 18 Milliamperes
PLATE RESISTANCE. .. ...t 6000 5150 5000 Ohms
AMPLIFICATION FACTOR. . ... ..... 8 8 8
MUTUAL CONDUCTANCE. . ... .. ... 1330 1550 1600 Micromhos
LOAD RESISTANCE. oottt 13000 11000 10200 Chms
SELF-BIAS RESISTOR. .. oovt ot 2200 1950 9150 Ohms
UNDISTORTED POwWER CuUTPUT. . ... 0.4 0.9 1.6 Watts
GRID-PLATE CAPACITANCE. .\ o o vvee et 7 unf
GRID-FILAMENT CAPACITANCE. .. .......... 4 puk
PLATE-FILAMENT CAPACITANCE. ........... 3 usf
BuLB (For dimensions, see Page 151, Fig. 14)................ S-17
BASE. o Medium 4-Pin Bayonet

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

the filament.
INSTALLATION AND APPLICATION

The base pins of the 10 fit the standard four-contact socket which should be installed
to hold the tube in a vertical position with the base down. The fifament of this type is
usually operated on a-c, see page 94. As an audio power amplifier, the 10 should be
operated under conditions as given under CHARACTERISTICS.
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Type 19
CLASSB TWIN AMPLIFIER o325

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

CHARACTERISTICS
FILAMENT VOLTAGED. C) oo 2.0 Volts
FILAMENT CURRENT . .ottt e e s anannns 0.26 Ampere
BuLs (For dimensions, see Page 151, Fig. &) ov v iniens ST-12
B A . Lttt e e e e e e Small 6-Pin

PLATE MOLTAGE . vttt e it ettt cnneannanss 135 max.  Volts
MAXIMUM SIGNAL PLATE CURRENT (Per plate). ....... 50 max.  Milliamperes
TypiCAL OPERATION
Plate Voltage. ............... 135 135 135 Volts
Grid Voltage. ... vovvvntt, -6 -3 0 Volts :
Zero-Signal Plate Current {(Per Plate) 0.5 2 5 Milliamperes
Effective Load Resistance
(Plate-to-plate) ............ . 10000 10000 10000 Ohms
Average Power Input (Approx.)* 95 130 170 Milliwatts
Power Qutput (Approximate). . 1.6 1.9 2.1 Watts

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

INSTALLATION

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

For filament operstion, refer to INSTALLATION for type 1AS.

APPLICATION

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

The type of driver tube chosen to precede the 19 should be capable of handling
enough power to operate the Class B smplifier stage. Allowance should be made for
transformer efficiency. It is most important, if low distortion is desired, that the driver
tube be worked well below its Class A undistorted output rating, since distortion
produced by the driver stage and the power stage will be present in the output.
A discussion of Class B amplifier features is given on page 16.
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AVERAGE PLATE CHARACTERISTICS
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Type 22
SCREEN-GRID RADIO-

FREQUENCY AMPLIFIER
The 92 is a screen grid tube designed / -
particularly for redio-frequency amplifice- oM viEw

tion in dry-battery-operated receivers em-
playing 3.3-volt filament tubes.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C)o v 3.3 Volts
FILAMENT CURRENT . ¢ ¢ v v eusvevnmnnenennnnneenanss 0.132 Ampere
PLATE VOLTAGE. v ivrirennnnrenrens 135 135 max. Volts
SCREEN VOLTAGE. v tvvvcnvenreerinnnnenn. 45*  67.5t max. Volts
GRID VOLTAGE e v veetnvrnrenearanaes -1.5 =1.5 Volts
PLATE CURRENT vt ervarrvrsereasennns 1.7 3.7 Milliamperes
SCREEN CURRENT (Maximum). .............. 0.6 1.3 Millismperes
PLATE RESISTANCE . + v v vvvevnnvvennernrnns 7925000 325000 QOhms
AMPLIFICATION FACTOR. . oo vv v et 270 160
MUTUAL CONDUCTANCE. o« oo vy vvvaicnnesn 375 500 Micromhos-
GRID-PLATE CAPACITANCE (\X’uth shield-can). 0.02 max. uuf
INPUT CAPACITANCE . oo ercnnecnnnnnn 3.5 unf
QUTPUT CAPACITANCE . o .v v vnivnsans 10 unf
BuLs (For dimensions, see Page 151, Fig. 12). ... .............. ST-14
[N - AP Small Metal
27 S Medium 4-Pin

* Maximum value of grid resistor is 5.0 megohms.

+ Maximum value of grid resistor is 1.0 megohm.

INSTALLATION

The base pins of the 29 fit the standard four-contact socket. The socket should be
installed to hold the tube in a vertical position. Cushioning of the socket may be
desirable to avoid microphonic disturbances.

The filament in this tube is designed for operation with three No. 6 dry cells con-
nected in series, or with multiples of three in series-parallel. If storage-battery operation
is preferred, a four-volt storage battery may be used. In any case, a filament rheostat
should be provided to maintain the flament voltage at the rated value.

APPLICATION

As a radio-frequency amplifier, the £2 may be used in shielded circuits as shown
under CHARACTERISTICS.

As an audio-frequency amplifier, this tube may be operated with either the screen-
grid or space-charge-grid connection. In cither case, the value of plate-coupling
resistor should be of from 0.1 to 0.25 megohm. With the screen-grid arrangement, a
plate-supply voltage of 135 to 180 volts applied through the coupling resistor is recom-
mended. Under these conditions, & screen voltage of 22,5 volts and & negative grid
voltage of 0.75 to 1.5 volts are suitsble. For the space-charge-grid connection, the
inner grid is operated at 22.5 volts, while the outer arid becomes the control grid and
is biased negatively by from 0 to 1.5 volts, depending upon conditions of operation.
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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
a-c receivers, The 24-A may also be used BOTTOM  VIEW
asascreen-griddetectororaudio amplifier.

CHARACTERISTICS
HEATER VOLTAGEA. C.orD.CH oo 2.5 Volts
HEATER CURRENT ...ttt et e e r e e ieeieannas 1.75 Amperes
PLATE VOLTAGE® .. ... .o e 180 250 Volts
SCREEN VOLTAGE (Maximum). .. ........... 20 90 Volts
GRID VOLTAGE. . .o cviveiiieeiniiinnnens -3 -3 Volts
PLATE CURRENT . vt e iiiee e enn 4 4 Milliamperes
SCREEN CURRENT (Meaximum). .. ............ 1.7 1.7 Milliamperes
PLATE RESISTANCE. . v ovveniviiiineens 0.4 0.6 Megohm
AMPLIFICATION FACTOR. . . ...t 400 630
MUTUAL CONDUCTANCE. .. vvvvevvivveees 1000 1050 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. uuk
INPUT CAPACITANCE. .o vt iei e 5.3 wuf
QUTPUT CAPACITANCE. . oo oveieeeees 10.5 uuf
Bute (For dimensions, see Page 151, Fig, 12).................. ST-14
AP et e Small Metal
BASE « o i e e Medium 5-Pin

* Maximum plate voltage = 975 volts.

INSTALLATION

The base pins of the 94-A fit the standaerd five-contact socket. The socket may bz
installed to hold the tube in any position,

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

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

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

APPLICATION"

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

As a grid-bias detector, the 24-A may be operated under the following typical
conditions: Plate-supply voltage of 250 volts applied throush s plate-coupling of
0.25 megohm, g screen voltage of 20 te 45 volts, and s negative grid bias of approximately
5 volts adjusted so that s plate current of 0.7 mifliampere is obtained with no input signal.

As a screen grid audio-frequency amplifier in resistance-coupled circuits, the 94-A
may be operated under the following conditions: Plste-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), & plate load resistor of 0.1 to 0.25 megohm, and a grid resistor
of 0.52 to 2.0 megohms.

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

The 96 is an amplifier tube containing
a filament designed for operation on
alternating current. This tube is for use as
an r-f or a-F amplifier in equipment de-

BOTTOM  VIEW

signed for its characteristics. The 26 is not ordinarily suitable for use as a detector
or power output tube.

CHARACTERISTICS

FILAMENT VOLTAGE(A. C.oor D.Cyo oot 1.5

FILAMENT CURRENT

PLATE VOLTAGE. . ...

............................... 1.05

........... 90 135 180 max.

GRID VOLTAGE®*. . .o vieeieennes -7 —-10 —14.5
PLATE CURRENT. . o v vvvemeevnvnes 2.9 5.5 6.2
PLATE RESISTANCE. ... .. vvvivenn 8900 7600 7300
AMPLIFICATION FACTOR. . ... .. 8.3 8.3 8.3
MUTUAL CONDUCTANCE. .. ... ... . 935 1100 1150
GRID-PLATE CAPACITANCE, ... vii e 8.1
GRID-FILAMENT CAPACITANCE. « oo v vt n v e 2.8
PLATE-FILAMENT CAPACITANCE. .. ....... .. 2.5

Buis (For dimensions, see Page 151, Fig. 1. ... .o vin

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

INSTALLATION AND APPLICATION

The base pins of the 96 fit the standard four-contact socket, which should be instalied
to hold the tube in a vertical position.
The coated filament of the 26 should be operated at the rated voltage of 1.5 volts
from the a-c line through a step-down transformer.

As an amplifier, the 96 should be operated as shown under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS
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Type 27
DETECTOR, AMPLIFIER

The 97 is a three-electrode general
purpose tube of the heater-cathode type

for use as an amplifier and detector in a-c BOTIOM  VviEW
receivers,
CHARACTERISTICS

HEATER VOLTAGE(A. Coor DL C) oot 2.5 Volts
FHEATER CURRENT . . o e o vvs e avet cimconnnanincnnsens 1.75 Amperes
PLATE VOLTAGE*......... 90 135 180 250 Volts
GRID VOLTAGE} .. oovevnts —6 -9 —13.5 —91 Volts
PLATE CURRENT. .. ..ovvnn 9.7 4.5 5.0 5.9 Milliamperes
PLATE RESISTANCE. .. ..... 11000 F000 9000 9250 Ohms
AMPLIFICATION FACTOR. .. 9 % 9 9
MUTUAL CONDUCTANCE... 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE. 3.3 uuf
GRID-CATHODE CAPACITANCE 3.1 uuf
PLATE-CATHODE CAPACITANCE 2.3 anf
BuLs (For dimensions, see Page 151, Fig. 6)........covvennn s, ST-19
BASE . + v st ettt e e e Medium 5-Pin

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

INSTALLATION AND APPLICATION

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

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

As an amplifier, the 27 is applicable to the audic- or the radio-frequency stages of
areceiver. Recommended plate and grid voltages are shown under CHARACTERISTICS.

As a detector, the 27 may be operated either with grid leak and condenser or
with grid bias. The plate voltage for é;rid leak and condenser detection is 45 volts,
A grid leak of from 1 to 5 megohms used with s grid condenser of 0.00025uf is suitable.
For grid-bias detection, a plate voltage of 250 volts or less may be used. The corresponding
grid bias should be adjusted so that the plate current, when no signal is being received, is
approximately 0.2 mil{iampere. For the condition of 250 volts on plate and transformer
coupling, the grid bias will be approximately —30 volts.

AVERAGE PLATE CHARACTERISTICS
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Type 30

DETECTOR, AMPLIFIER

The 30 is a detector and amplifier tube
of the three-electrode type for battery- BOTTOM *VIEW
operated radio receivers where economy
of filament-current drain is important.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C. oo e 2.0 Volts
FILAMENT CURRENT. . v vt veeviesees cvnveannnen 0.060 Ampere
GRID-PLATE CAPACITANCE. .1 e e er e emaee e eaeeen 6.0 uf
GRID-FILAMENT CAPACITANCE . . vt e e eiiieeeanns 3.0 uuf
PLATE-FILAMENT CAPACITANCE . . v oo vieiieeeaenns 2.1 uuf
Buts (For dimensions, see Page 151, Fig. &) oo v ieenn ST-1¢2
BASE . ¢ it e e Small 4-Pin
As Class A Amplifier
PLATE VOLTAGE . . ..o vv e v 90 135 180 max. Volts
GRID VOLTAGE. . ..o ooeiisiens —4.5 -9 -13.5 Volts
PLATE CURRENT. . .ot ieii e 2.5 3.0 3.1 Millismperes
PLATE RESISTANCE . ... oo vinnn e 11000 10300 10300 Ohms
AMPLIFICATION FACTOR, ......... 9.3 9.3 9.3
MUTUAL CONDUCTANCE. ......... 850 S00 900 Micromhos
As Class B Amplifier
PLATE VOLTAGE. .t vt veivrecinevennrnnnnsans 180 mex. Volts
MAXIMUM-SIGNAL PLATE CURRENT. .. ..o ans . 50 max.  Milliamperes
ZERO-SIGNAL PLATE CURRENT (Per tube). ...oovuet . 1.5 max. Milliamperes
TyPICAL OPERATION (2 tubes)
Plate Voltage. . oo v oo i i 157.5 Volts
Grid Voltage. oo veeniiei e ciiine e rierenss —15 Volts
Zero-Signal Plate Current (Pertube)............... 0.5 Milliampere
Effective Laad Resistance (Plate-to~plate)....... e 8000 - Ohms
Power Output, Approximate (2 tubes)*............ 2.1 Watts

*With one type 30 as driver operated under the following conditions: Plate voltage, 157.5 volts, negative
grid bias voltage, 11.3 volts; plate load of approximately 18000 ohms; and input transformer ratio (primary to
one-half secondary), 1.165: Total distortion is 6 to 7%.

INSTALLATION

The base pins of the 30 fit the standard four-contact socket which should be installed
to hold the tube in a vertical position. Cushioning of the socket in the detector stage
may be desirable if microphonic disturbances are encountered.

The coated filament of the 30 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a filament
rheostat may be used together with a permanently installed voltmeter to insure the proper
filament voltage. For operation from a Q-volt lead storage-cell, the 30 requires no
filament resistor. Operation with an air-cell battery requires a fixed resistor in the
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fitament 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 9.15 voits.
Socket terminal No. 1 (see socket connections) should be connected to the positive
battery terminal.  Series operation of the filaments of these tubes is not recommended.

APPLICATION

As a detector, the 30 may be operated cither with grid leak and condenser or with
grid-biss. The plate voltage for the former method should not be more than 45 volts.
A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00095 uf is satis-
factory. The grid return should be connected to the positive filament socket terminal.
For grid-bias detection, plate voltages up to the maximum value of 180 volts may be
used. The corresponding grid-bias should be adjusted so that the plate current is about
0.9 milliampere when no signal is being received.

As a Class A amplifier, the 30 is applicable to the audio- and the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages should be deter-
mined from the CHARACTERISTICS and the curves in order to obtain optimum per-
formance and freedom from distortion.

As & Class B audio-frequency amplifier, the 30 may be operated ¢s shown under
CHARACTERISTICS. Class B amplifiers are discussed on page 16.

AVERAGE PLATE CHARACTERISTICS
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Type 31

POWER AMPLIFIER

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

CHARACTERISTICS
FILAMENT VOLTAGE (D, C). oo 2.0 Volis
FILAMENT CURRENT, + oo vttt ee e revanneneinnnnnns 0.130 Ampere
PLATE VOLTAGE. ..o i vt i eiiiieeeeeeans 135 180 max.  Volts
GRID VOLTAGE. c 1 e ereenrenennn —~99.5 -30 Volts
PLATE CURRENT . .ot v et vaceiearcrenans 8.0 12.3 Milliamperes
PLATE RESISTANCE. . .« oo 4100 3600 Ohms
AMPLIFICATION FACTOR. .. ... .ot 3.8 3.8
MUTUAL CONDUCTANCE. . ..o eee e Q95 1050 Micromhos
LOAD RESISTANCE. ..ot vvvcie e e 7000 5700 COhms
SELF-BIAS RESISTOR. . .. i e iiineeenns 2815 2440 Ohms
UNDISTORTED POWER CUTPUT..... .o nn 0.185 0.375 Watt
GRID-PLATE CAPACITANCE . . v ovv v veenenns 5.7 unf
GRID-FILAMENT CAPACITANCE. . .. ovvn. 3.5 upf
PLATE-FILAMENT CAPACITANCE . o0 cvvvvnvnn 2.7 it
BuLB (For dimensions, see Page 151, Fig. 6)............. ... ... ST-19
BASE . ittt e e Small 4-Pin
INSTALLATION
Refer to INSTALLATION on type 30.
APPLICATION

As a power amplifier, the 31 should be operated as shown under CHARACTERISTICS.
Grid voltage may be obtained from a C-battery, or by means of a self-bias resistor con-
nected in the negative plate-return lead. The latter method is required where a grid
resistor (maximum value 1 megohm) is used. 1f more output is desired than can be obtained
from a single 31, two 31’s may be operated either in parallel or push-pull connection.

AVERAGE PLATE CHARACTERISTICS
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Type 32
RADIO-FREQUENCY AMPLIFIER

The 32 is s screen-grid tube recom-
mended primarily for yse as a radio- & RO Y0P CAP
frequency amplifier in battery-operated BOTTOM  VIEW
radio receivers where economy of fila-
ment-current drain is important.

CHARACTERISTICS
FILAMENT VOLTAGE(D. C). o eei i 2.0 Volts
FILAMENT CURRENT ... ooit it cieien e 0.060 Ampere
PLATE VOLTAGE. .o v viie e ieeanaas 135 180 max. Volts
SCREEN VOLTAGE (Maximum).............. 67.5 67.5 Volts
GRID VOLTAGE. .t eveeree v ircneannnces -3 -3 Volts
PLATE CURRENT ... v ettt 1.7 1.7 Milliamperes
SCREEN CURRENT (Maximum). ... .oovvennn.. 0.4 0.4 Milliampere
PLATE RESISTANCE. ..o vivrtien i 0.95 1.2 Megchms
AMPLIFICATION FACTOR. . ..o vi e e 610 780
MUTUAL CONDUCTANCE. . oo veeea 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.015 max. uuf
INPUT CAPACITANCE . . ..o e v i eeeiae e 5.3 wuf
QUTPUT CAPACITANCE . . oo oo 10.5 puf
BuLs (For dimensions, see Page 151, Fig. 12)......... e ST-14
L 2 A Small Metal
BASE. <ttt e e Medium 4-Pin

INSTALLATION

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

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

Veolume control may be effected by variation of the screen voltage between O and
&7.5 volts. The variation must, however, be made by a potentiometer shunted across the
screen-voltage supply and not by a high-resistance rheostat.

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

APPLICATION

As a radio-frequency amplifier, the 32 is operated as shown under CHARACTERIS-
TICS. Neither the plate voltage nor the screen voltage is critical. In general, properly
designed radio-frequency transformers are preferable to interstage coupling impedances,
especially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.

As a detector, the 32 may be operated either with grid leak and condenser or with
grid bias. For grid-bias detection, suitable operating conditions are: Plate-supply
voltage, 135 volts applied through a plate-coupling resistance of 0.1 megohm or an
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equivalent impedance; screen voltage, 67.5 volts; and a negative grid bias (approxi-
mately & 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
0.000251:}; 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 audic-frequency amplifier in resistance-coupled circuits, the 32 may be oper-
ated under the following conditions: Plate-suEply voltage, 180 velts applied through
a plate-coupling resistor of 0.1 to 0,25 megohm (or a 500-henry choke shunted by s
0.25 megohm resistor); screen voltage, 25 velts; plate current, 0.25 milliampere (approxi-
mate); grid voltage, —1 volt; and a grid resistor, 0.95 to 2.0 megohms.

AVERAGE PLATE CHARACTERISTICS
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Type 33

POWER-AMPLIFIER PENTODE

The 33 is a power-amplifier pentode
for use in the output stage of battery-
operated receivers where economy of
battery consumption is important. The 33
is capable of producing greater power
output than three-electrode power amplifiers of the same plate-current drain. Further-
more, this tube has the design feature of greater amplification than is possible in a three-
electrode amplifier tube without serious sacrifice in power output.

BOTIOM  VIEW

CHARACTERISTICS
FILAMENT VOLTAGE (DL C) oo 2.0 Volts
FILAMENT CURRENT. . .ot ie s teeiee e ieiianns 0.260 Ampere
PLATE VOLTAGE. . i vi it vviieie e 135 180 max. Volts
SCREEN VOLTAGE . e v iivreieeaene e inens 135 180 max. Volts
GRIDVOLTAGE. ... oo i iene e —-13.5 —18 Volts
PLATE CURRENT. .o ot i e e 14.5 29 Milliamperes
SCREEN CURRENT. oot e et ee e viiiaiee e 3 5 Milliamperes
PLATE RESISTANCE . v oo evee e eeieeeaes "50000 55000 Chms
AMPLIFICATION FACTOR (Approximate). . .. . . 70 90
MUTUAL CONDUCTANCE. ..o vve v e ves . 1450 1700 Micromhos
LOAD RESISTANCE....... s 7000 6000 Ohms '
SELF-BIAS RESISTOR. .o ve e 770 670 Ohms
POWER OUTPUT*. L 0.7 1.4 Watts
GRID-PLATE CAPACITANCE. . . ... .o vt 1.0 puf
INPUT CAPACITANCE . oo iee e 8.0 ppf
CUTPUT CAPACITANCE. + . evv v ieenee e e 12.0 uuf
BuLB (For dimensions, see Page 151, Fig. 11).................. ST-14
27N -3 U Medium 5-Pin

* 7%, total harmonic distortion,
INSTALLATION

The base pins of the 33 fit the standard five-contact socket. The socket should be
installed to hold the tube in a vertical position. {n some cases, cushioning of the socket
may be found desirable,

For filament operation, refer to INSTALLATION for type 30,

APPLICATION

For the power amplifier stage of radio receivers, the 33 is recommended either singly
or in push-pull combination. More than one audio stage preceding the 33 is undesirable
because of the possibility of microphonic disturbances resulting from the high level of
amplification. The self-bias resistor should be shunted by a suitable filter network to
avoid degenerative effects at low audio frequencies. The use of two 33's in push-pull
eliminates the necessity for the network. If two 33’s are operated together in the same
stage, the value of the self-bias resistor will be approximately one-haif the value given
for a single tube. Transformer or impedance coupling devices are preferable. If re-
sistance coupling is employed, the grid resistor should not exceed 1.0 megohm under
self-bias conditions; without self-bias, the maximum value is 0.5 megohm.

An output transformer should be used to couple this tube to the winding of the
reproducing unit.

The plate family of curves is given on the preceding page.
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Type 34

SUPER-CONTROL R-F
AMPLIFIER PENTODE

The 34 is a super-control pentode
recommended for use primarily as a radio- Lo
frequency amplifier and intermediate- BOTTOM  VIEW
frequency amplifier in battery-operated
receivers where economy of filament-
current drain is important. The 34 is very effective in reducing cross-modulstion and
modulation-distortion over the usual range of signal voltages without the use of antenna
potentiometers or auxiliary volume-control switches. (See Super-Control amplifier,
page 11.) This super-control characteristic makes the tube uniquely adaptable to the
r-f and i-f stages of receivers employing automatic volume control.

FLATE  SCREEN
o ey

£

(=5 (8
& FILAMENT N

CHARACTERISTICS

FILAMENT VOLTAGE(D. C)o oo 2.0 Volts
FILAMENT CURRENT . o ot vt e et e i v ene v ienniicnenns 0.060 Ampere
PLATE VOLTAGE. . v viniinnan e 67.5% 135 180 max. Volts
SCREEN VOLTAGE (Maximum)*... .. 67.5 67.5 67.5 Volts
GRID VOLTAGE, Variable (Min.). .. -3 -3 -3 Volts
PLATE CURRENT. ¢ oo vanecenen s 2.7 2.8 2.8 Milliamperes
SCREEN CURREMNT . o v v vee v vnne 1.1 1.0 1.0 Milliamoeres
PLATE RESISTANCE. .. ..o ivun.. 0.4 0.6 1.0 Megohm
AMPLIFICATION FACTOR. ... ... 924 360 620
MUTUAL CONDUCTANCE. ....... .. 560 600 620 Micromhos
MUTUAL COMNDUCTANCE (At —292.5

VOIS BIaS) . v i e 15 15 15 Micromhos
GRrID-PLATE CAPACITANCE (With shield-can) 0.015 max. nuf
INPUT CAPACITANCE. . ov e e 6.0 wef
QUTPUT CAPACITANCE. <+ vvveeiiae e 11.5 wuf
BuLB (For dimensions, see Page 151, Fig. 12).................. ST-14
A . et ittt e e e et e e s Small Metal
BASE . & vttt it r e e e ey Medium 4-Pin

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

INSTALLATION

The base pins of the 34 fit the standard four-contact socket which should be installed
to hold the tube in a vertical position. Although this tube is quite free from microphonic
disturbances, cushioning of its socket may sometimes be desirable.

For filament operation, refer to INSTALLATION for type 30.

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

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

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

Volume control of the receiver is accomplished effectively by variation of the negative
voltage applied to the grid. In order to obtain adequate volume control, an available
grid-bias voltage of approximately —92.5 volts will be required. The exact value will
depend upon the circuit design and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or a separate source, depending on receiver
requirements.

Owing to the fact that the super-control feature of the 34 requires & comparatively
large grid-bias change, the screen and plate voltage may vary considerably for various
volume settings, depending on receiver design. It is recommended, therefore, that
design features be incorporated in the receiver so that the screen voltage will not exceed
&7.5 volts under conditions of minimum grid bias and maximum plate current, With a
design arrangement of this kind, the screen voltage ot decreased values of plate current
may reach a value higher than 67.5 volts but should not exceed 100 volts. It should
be recognized that under the condition of screen voltage sbove 67.5 volts at low plate
current, an increase in the grid-bias voltage supply must be provided for adequate
volume control.

As the mixzer in superheterodyne circuits, the 34 may be utilized to advantage. |t
should be noted that by varying the grid bias on the mixer in conjunction with that on
the radio-frequency and/or the intermediate-frequency stages, additional control of
volume may be accomplished. Recommended conditions are: Plate voltage, 67.5 to
180 volts; screen voltage, 7.5 volts; grid-bias voltage, —5 volts approximately (with
4-volt oscillator peak swing.)

AVERAGE PLATE CHARACTERISTICS

yvee 34
Ep=2.0 VOLTS D.C.
STREEN VOLYS =§7.5

Lid

S

W =0
3% contROLGRID YOLIS =

2 T tenRer S B
w I
S L~ A—

b3 -2
w

,(. [ ET 3
H

had

NN

0 80 20 1860 200 240 280 320 360 L35
PLATE VOLTS'

78]



B SIS E
Type 35

SUPER-CONTROL
RADIO-FREQUENCY AMPLIFIER

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

BOTTOM VIEW

CHARACTERISTICS
HEATER VOLTAGE(A. C.orD. C)eeceiiiot 2.5 Volts
HEATER CURRENT .« et vttt iieie e e eineeeeeennans 1.75 Amperes
PLATE VOLTAGE* ... .o i iieie e 180 250 Volts
SCREEN VOLTAGE (Maximum). ............. 90 90 Volts
GRID VOLTAGE, Variable (Minimum)........ -3 -3 Volts
PLATE CURRENT. .o vt veee et eieieenenann 6.3 6.5 Milliamperes
SCREEN CURRENT (Maximum). . ............. 2.5 2.5 Milliamperes
PLATE RESISTANCE. o vt v e v ie e veveenenn 0.3 0.4 Megohm
AMPLIFICATION FACTOR. . . ......ooitL. . 305 490
MUTUAL CONDUCTANCE. .o vve vt ieeeenn 1020 1050 Micromhos
MUTUAL CONDUCTANCE (At —40 volts bias) 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. uuf
INPUT CAPACITANCE. - ..t v et 5.3 puf
OUTPUT CAPACITANCE. . v vvveeee et 10.5 uuf
BuLB (For dimensions, see Page 151, Fig. 12).................. ST-14
AP e e e Small Metal
BASE . vt e Medium 5-Pin
* Maximum plate voltage = 275 volts.
INSTALLATION

The base pins of the 35 fit the standard five-contact socket which may be installed
to hold the tube in any position.

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

The screen voltage for the 35 may be obtained from a fixed or variable tap on a
voltage divider across the supply voltage or from a portion of the supply.

Complete shielding for all stages of the circuit is necessary if maximum gain and
the volume-control-range capabilities of this tube are to be realized.

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 35 should be oper-
ated as shown under CHARACTERISTICS. In general, properly designed radio-
frequency transformers are preferable to interstage coupling impedances, especially in
cases where a high-impedance B-supply may cause oscillation below radio frequencies.
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Volume control of receivers designed for the 35 may be accomplished by variation
of the negative grid bias of this tube. In order to utilize the full volume-control range
of the 35, an available grid-bias voltage of approximately 50 volts will be required,
depending on the circuit design and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or from an sdjustable 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 biss, —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 ang/or the intermediate-frequency
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS
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Type 36

RADIO-FREQUENCY AMPLIFIER

The 36 is a heater-cathode type of
screen grid tube intended for use as a
radio-frequency amplifier, intermediate-
frequency amplifier, and detector. The
relatively low heater current of this type
make it suitable for automobile receivers and for power-line-opersted sets, particularly
those with a series-heater arrangement.

BOTTOM  VIEW

CHARACTERISTICS
HEATER VOLTAGE (A. C.oor D. CHo et 6.3 Volts
HEATER CURRENT o ettt ieee e caniacaaanes 0.3 Ampere
PLATE VOLTAGE.......... 100 135 180 250 max.  Volts
SCREEN VOLTAGE......... 55 67.5 90 max. 90 max. Volts
GRID VOLTAGE. .. eevv e -1.5 —1.5 -3 —3 Volts
PLATE CURRENT ... vt 1.8 2.8 3.1 3.2 Milliamperes
SCREEN CURRENT.......... —_— e — 1.7 max. Milliamperes
PLATE RESISTANCE. . ...... 0.55 0.475 0.5 0.55 Megohm
AMPLIFICATION FACTOR. .. 470 475 595 595
MUTUAL CONDUCTANCE... 850 1000 1050 1080 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. upf
INPUT CAPACITANCE. .. eivneeeennn 3.7 uuf
QUTPUT CAPACITANCE . + oo e eveee ey 9.2 unf
BuLB (For dimensions, see Page 151, Fig. 7).. .. ...t ST-12
L - Small Metal
BASE . ottt e e e e Small 5-Pin

INSTALLATION

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

For heater operation and cathode connection, refer to INSTALLATION for type 6A7.
For screen voltage and shielding refer to INSTALLATION for type 35.

APPLICATION

As a radio-frequency amplifier, the 36 should be operated as shown under
CHARACTERISTICS. Neither the plate nor the screen voltage is critical, In general,
properly designed radio-frequency transformers are preferable to interstage-coupling
impedances, especislly in cases where a high impedance B-supply may cause oscillation
below radio frequencies. :

As a detector, the 36 may be operated either with grid leak and condenser or with
arid bias. For grid-bias detection, suitable operating conditions are: Plate-supply
voltage, 180 volts applied through a plate-coupling resistor of 0.95 megohm or an
equivalent impedance; screen voltage, 67,5 volts; and negative grid bias, 6 vo?ts {approx.)
so adjusted that a plate current of 0,1 milliampere is obtained with no input signal. When
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%‘rid leak and condenser detection is employed, a plate voltage of 135 volts applied
through a plate-coupling resistor of 0.25 megohm or an equivalent impedance together
with a screen voltage up to 45 volts will be satisfactory. A grid leak of 2 to 5 megohms
and a grid condenser of 0.00025 uf will be suitable.

AVERAGE PLATE CHARACTERISTICS
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Type 37
DETECTOR, AMPLIFIER

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

CHARACTERISTICS
HEATER VOLTAGE(A. C.or D.C oo 6.3 Volts
HEATER CURRENT . oottt et cie i incarr e anananns 0.3 Ampere
PLATE VOLTAGE.......... 90 135 180 950 max.  Volts
GRID VOLTAGE* ., ....... -6 -9 ~13.5 -18 Volts
PLATE CURRENT .. ..vvn. . 9.5 4.1 4.3 7.5 Milliamperes
PLATE RESISTANCE. . .. .... 11500 10000 10200 8400 Ohms
AMPLIFICATION FACTOR. .. 9.9 9.2 9.2 9.9
MuTuAL CONDUCTANCE... 800 995 900 1100 Micromhos
GRID-PLATE CAPACITANCE. . ... .. 9.0 puf
GRID-CATHODE CAPACITANCE. . ... 3.5 puf
PLATE-CATHODE CAPACITANCE. . .. 2.9 puf
Butg (For dimensions, see Page 1571, Fig. 6)........covvvvnnn.. 5T-192
BASE . oottt i s Small 5-Pin

* Maximum grid resistor of 1.0 megohm.

INSTALLATION

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

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

APPLICATION

As an amplifier, the 37 is applicable to the sudic- or the radio-frequency stages of
a receiver. Plate voltages and the corresponding grid voltages for amplifier service
should be determined from CHARACTERISTICS and curves to obtain optimum per-
formance and freedom from distortion, The plate family is given on page 82.

As & detector, the 37 may be operated with either grid leak and condenser or with
grid bias. The plate voltage for the grid lesk and condenser method is 45 volts, A
grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 uf is suitable.
For grid-bias detection a plate voltage of 250 volts, together with a negative grid bias
of approximately 28 volts, may be used. The plate current should be adjusted to 0.2 milli-
ampere with no input signal. The grid-bias voltage may conveniently be obtained from
the voltage drop in a resistor between the cathode and ground. The value of this self-
bias resistance is not critical, 30000 to 100000 ohms being suitable. The higher value
will allow the use of a larger input signal.
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Type 38

POWER-AMPLIFIER PENTODE

The 38 is & power-amplifier pentode
of the heater-cathode type. The relatively

t.c.ﬂ\\) METAL TOP CAR

low heater current of this type makes it BOTTOM VIEW
suitable for automobile receivers and for
power-line-operated sets, particularly

those with a series-heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE(A. Coor DL CHo v ool 6.3 Volts
HEATER CURRENT . o v v e v et ee e v eeiieieeee e e 0.3 Ampere
PLATE VOLTAGE.......... 100 135 180 250 max.  Volts
SCREEN VOLTAGE. ........ 100 135 180 950 max.  Volts
GRID VOLTAGE. ...\t -9 —13.5 -~18 - 95 Volts
PLATE CURRENT. ... ....... 7 9 14 29 Milliamperes
SCREEN CURRENT.......... 1.9 1.5 2.4 3.8 Milliamperes
PLATE RESISTANCE, . ...... 0.14 0.13 0.115 0.10 Megohm
AMPLIFICATION FACTCR. . . 120 120 120 120
MUTUAL CONDUCTANCE. . . 875 995 1050 1200 Micromhos
LOAD RESISTANCE......... 15000 13500 11600 10000 Ohms
SELF-BIAS RESISTOR, .. .. ... 1100 1100 1100 Q70 Ohms
POWER QUYPUT. ... ....... 0.27* 0.55% 1.0% g.5* Watts
GRID-PLATE CAPACITANCE. . ... ... 0.30 npuf
INPUT CAPACITANCE. . ..ot . 3.5 upf
OuTPUT CAPACITANCE. . ... ... .. 7.5 upf
BULB (For dimensions, see Page 151, Fig. 7)eovevriicnnnnnnn. ST-19
L@ - T Small Metal
BASE . vt Small 5-Pin

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

INSTALLATION

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

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

APPLICATION

For the power amplifier stage of radio receivers, the 38 is recommended either
singly or in push~pulrcombination. Transformer or impedance-coupling devices are
preferable. If, however, resistance coupling is used, the grid resistor should be limited,
for a self-bissed tube, to 1.0 megohm with plate voltages up to 250 volts, provided the
heater voltage does not rise more than 109 above the rated value under any condition
of operation. In the case of a fixed-bias tube, the grid resistor should be limited to
0.5 megohm for plate voltages of 100 to 135 volts, and to 0.1 megohm for 180 to 250 volts.
if a single 38 is operated self-biased, the self-bias resistor should be shunted by a suitable
filter network to svoid degenerative effects at low audio frequencies. When two 38's
are used in push-pull, the filter network may be omitted. If two 38's are operated
together in the same stage, the value of the self-bias resistor will be approximately one-
half the value given for a single tube.

A family of plate characteristics for this type is given at the bottom of page 86.
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Type 39/44

SUPER-CONTROL R-F AMPLIFIER
PENTODE

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

CHARACTERISTICS
HEATER VOLTAGE(A. CoorD. Coioie oo 6.3 Volts
HEATER CURRENT . ottt e et i e i 0.3 Ampere
PLATE VOLTAGE. ............... 90 180 950 max.  Volts
SCREEN VOLTAGE . v v v vi v 90 90 90 max. Volts
GRID VOLTAGE (Minimum).. ... ... -3 -3 -3 Volts
PLATE CURRENT. .o coeve e 5.6 5.8 5.8 Milliamperes
SCREEN CURREMNT. .o oo vv vt 1.6 1.4 1.4 Milliamperes
PLATE RESISTANCE. . ... .vvnn 0.375 0.75 1.0 Megohm
AMPLIFICATION FACTOR. ...t .. 360 750 1050
MUTUAL CONDUCTANCE. ... ...t 960 1000 1050 Micromhos
MUTUAL CONDUCTANCE (At —42.5
voltsbias). . ... L 1%4 g %4 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). 0.007 max. puef
INPUT CAPACITANCE. . vt ee v i i i in s 3.5 wuf
OUTPUT CAPACITANCE . « oo viveeeninens 10 uuf
BuLs (For dimensions, see Page 151, Fig. 7). . ... . ST1¢
AP e Small Metal
BASE . o o e Small 5-Pin
INSTALLATION

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

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

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

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

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

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the 39/44 should be
operated as shown under CHARACTERISTICS. In general, properly designed radio-
frequency transformers are preferable to interstage coupling impedances, especislly in
cases where a high impedance B-supply may cause oscillation below radio frequencies.

[85]




RCA CunmingHam Rapiotrom ManuaL

Volume control of receivers designed for the 39/44 may be accomplished by variation
of the negative grid bias of this tube. In order to obtain adequate volume control, an
available grid-bias voltage of approximately 45 voits will be required. The exact value
will depend upon the circuit design snd operating conditions. This voltage may be
obtained from a potentiometer, & bleeder circuit, a varieble resistor in the cathode
circuit, or from a separate source.

As a detector mixer in superheterodyne receivers, the 39/44 may be utilized. Suitable
operating voltages for such service are: Plate voltage, 90 to 250 volts; screen voltage,
90 volts; grid voltage, —7 volts (approx.), with a 6-volt peak swing from the oscillator.
By varying the grid biss on the mixer in conjunction with that on the r-f and/or the i-f
stages, additional control of volume may be sccomplished.

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.

SCREEN ’ GRID
) @

CHARACTERISTICS
HEATER VOLTAGE (A. C.orD.C)e el 6.3 Volts
HEATER CURRENT . et v v et ettt 0.4 Ampere
PLATE VOLTAGE.......... 100 135 180 250 max.  Volts
SCREEN VOLTAGE......... 100 135 180 250 max.  Volts
GRID VOLTAGE.......v ... -7 —-10 -13.5 —18 Volts
PLATE CURRENT........... 9.0 12.5 18.5 32 Milliamperes
SCREEN CURRENT.......... 1.6 2.2 3.0 5.5 Millismperes
PLATE RESISTANCE (Approx.)103500 94000 81000 68000 Ohms
AMPLIF. FACTOR (Approx.). 150 150 150 150
MuUTuAL CONDUCTANCE... 1450 1600 1850 2900 Micromhos
LOAD RESISTANCE. ........ 12000 10400 9000 7600 Ohms
SELF-BIAS RESISTOR. ..« v\t 660 680 630 480 Ohms
POWER OUTPUT*. ......... 0.33 0.75 1.5 3.4 Watts
Buts (For dimensions, see Page 151, Fig. 6)................... ST-12
BASE .« ot ettt e e 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.
SuFficient ve